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DYMEC
get speed and data density of magnetic tape ...

-with new standard digital data acquisition systems!

To get fast automatic measurement of dc volts. low level dc. ac volts. resistance and frequency recorded

on an incremental recorder in computer compatible format-as fast as 10 channels per sec-with up to

440.000 unattended measurements and recordings. DYMEC Data Acquisition systems will serve your need.

The two new Dymec's system come in two models 1010J and 1010H, which differ only in scanning

capability. With 2010J. you can measure up to 200/3 wire channels. or measure up to 100 channels with

the 1010H system. The heart of these magnetic tape systems is the Dy-l"lOI B integrating Digital Volt

meter. which lets you measure extremely low-level signals. even in the presence of severe common

mode and superimposed noise.

From the nine standard syste ms. you can select a wide variety of input capabilities and recorded output.

DYMEC-a division of HEWLETT PACKARD CO.

For details please write to:
SOLE DISTRIBUTORS

THE $CIENTlFIC INSTRUMENT COMPANY LIMITED
ALLAHABAD BOMBAY CALCUTTA MADR.AS NEW DELHI

Head Office: 6 Tej Bahadut'~a:'p~u Rpad, Allahabad
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NOTICE

It is proposed to appoint a Director for the National Physical Laboratory
under the Council of Scientific & Industrial Research. .

There is no standard form of application. Those who wish to be
considered are invited to send a statement to the Director General,

.Scientific & Industrial Research. Others who may wish to send nominations
for this post may kindly forward their proposals to the Director General.

All communications will' be treated as confidential. Statements and
proposals should be received by the Director General on or before
I November 1964 at the Office of the Council of Scientific & Industrial
Research, Rafi Marg. New Delhi I.

Any further information in this connection may be obtained confidentially
from the Secretary, Council of Scientific & Industrial Research.
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for oral administration

PYRAPEN
Acombination of a potent antispasmodic (a piperidinomethyl-pyrazolone compound)
and an effective antacid (magnesium aluminium silicate).

'\""'-.,.-..-..,...........,...................._,.......--...................__.---------.,...,.-..__-....._......-""_......""_....."'-",-....._......_.....,-...._......--~~

\ l~
A POTENT ANTISPASMODIC

~
\
\
\
\

~
\
\
\

~
\
\

PYRAPEN is the newest and least toxic member of the group of anti- ~
J \, spasmodics and clinical reports are most encouraging. \

~ ~
~ CHARACTERISTICS ~

~ • Possesses both neurotropic-and musculotropic antispasmodic action. ~
\ \
\ • Relieves spasmodic conditions of the gastro-intestinal tract, due to gastric \
~ and duodenal ulcer, hyperacidity, hypermotility of the stomach and intestine, ~
~ gastritis associated with increased secretion, motility, pyloro-spasm irrespective )
, of peptic ulcer, intestinal colic, lead colic, etc. ~
~ \
\ • Acts by local concentration on account of low systemic absorption. \
~ \
~ • The combination with Magnesium Aluminium Silicate offers special advantage \
, in that the pH of the gastric juice is maintained within effective limits and ~
~ \, there is no interference with gastric digestion. \
~ \,
~ Available in the form of tablets which have been processed in such a way that ~
) the individual ingredients (the antispasmodic compound and the antacid) have \
~ )
, been kept separate to maintain increased stability and efficacy. I

< ~
~ PYRAPEN has been adjuvated with Ext. Belladonna and Phenobarbitone In ~

, PYRAPEN COMPOUND tablets to facilitate treatment of severe pain. I

I * I
< ~
\ \
, Manufactured by \

~ THE BENGAL IMMUNITY CO. LTD. ~
~ 153 DHARAMTALA STREET ~
\ CALCUTTA 13 ~

i............,...............................................,.."..",.."..........,.."...............................~............,.. ..................................,."..-~-~

I
\
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Safe & Dependable
INdECTABLES

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

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

• RETICULIN - A potent Extract of Liver
• HEXOPURIN - An Urinary Antiseptic
• CALCITOL -Injectable Calcium Gluconate
• B'EVITAMIN -Injectable Vitamin B1
• CEVITAMIN -Injectable Vitamin C
• GLUCOSE SOLN -Injectable Pure Dextrose

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

Sellinr A(enu:
Messrs Khatau Valabhdas " Co., Bombay Messrs Karnatak " Deccan Agencies, Hubli

Messrs Ventlax, Secunderabad

Gram: GLASSCO, BOMBAY 2

'SAMCO'
Phone: 30761

THE TRADE MARK OF
QUALITY & SERVICE
TO THE LABORATORY

& INDUSTRY

We specialize in manufacturing:

GROUND GLASS JOINTS, STOPCOCKS, STANDARD

JOINT ASSEMBLIES, AUTOMATIC BURETTES & ANY

OTHER APPARATUS MADE TO SPECIFICATIONS

SCIENTIFIC APPARATUS MANUFACTURING CO.
255/3.C Mangaldas Road, Bombay 2

lSIR-SEPTEMBER 1964 AS
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to r slr,ess. strain tests of filaments,
yarn and fabric.

~·XENOTEST 150
QUARZUMPEN. GERMANY

for weathering

and fading tests.

FURTHER
DETAILS FROM

198, Jamshedji Tata Road. Bombay -1
Branches:

AJMER. CALCUTTA, DELHI, MADRAS

THE INTERNATIONAL
CHEMICAL'INDUSTRIES

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

CALCUTTA.9
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Anew addition
to the Varian line of portable recorders

VARIAN
G·14

- Multirange: 1,10,100 mV,-1 volt spans, instantly selectable
- All-transistor null-balancing potentiometer circuitry _ Pen
speed 0.6 second full scale _ Zener diode reference _ 0.5%
accuracy at 10 mv _ Full scale zero plus suppression

Other Varian Portable Recorders Available
Moderately priced G- 10- two models-fixed and
adjustable voltage spans

Versatile G-11 A -with different input chassis for
recording vollage, current and temperature

Dual Channel G-22-with different input chassis for
recording voltage and temperature

X-Y Recorder F-80-all transistor with multiple
ranges on both x & y, a 11i" x 17" chiM! &nd
built-in time base -

VARIAN
associates

ISIR-SEPTEMBER 1964

Sold and serviced in India exclusively by

C BLUE STAR

Gel complete detoil, (rom BLUE STAR office, ot:

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

7 Hare Street, Calcutta 1
23/24 Second Line Beach, Madras 1

16 Kaiser Bungalow I Dindli Road, Jamshedpur
7/77A Tllaknagar. Kanpur
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SINGLE PAN BALANCE
with

AUTOMATIC CANCELLING DEVICE

from

THE GERMAN DEMOCRATIC REPUBLIC

Offered from Ready Stock

• *
Also available

TWO-PAN PRECISION BALANCES
with and without Air Damping

Contact

PHARMA TRUST
114 PRINCESS STREET, BOMBAY 2

A8

Phone: 23519 Gram: ANTIGEN (KB)
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French SOLIDEX saves your money and brings you safety

SOLIDEX brand glassware made in France is stronger and will last longer.
Made of sand from Fontainebleau, the purest in the world, French SOLIDEX

brand glassware is clearer and cleaner.
Its properties are unvarying : resistance to thermal and mechanical
shocks and chemical inertness.

ISIR-SEPTEMBER 196-1

®

SOVIREL
27, rue de la Michodiere, PARIS 2" - FRANCE
Telephone: 742-23-49 • Telex: 23990 - .Cable-address: SOVIVER-PARIS
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o
~o

A9



MEWfI'If.:LOII

DHOLPUR GLASS VVORKS LTD. DHOLPUR
SOLE SelLING AGENTS

THE GLASS CORPORATION PRIVATE LIMITED. DHOLPUR

'8
The excellence of DHOLPUR Glassware Quality is the
.achievement of constant scientific research. Made by the
finest craftsmen. DHOLPUR Glassware conform to the
strict scientific specifications. They offer high resistance
to thermal shock as well as chemical attack and their

superb mechanical strength saves you COSt on replacements
too.

Al00 ISIR-SEPTEMBER 1964



mm GRAM: : 'ASHACOM' PHONE: HBSS

mm SUPERIOR LAMP BLOWN
mm PYREX GLASS APPARATUS;

;,., mm ASSEMBLIES ACCESSORIES

~~ I~l:==-J\ i:l:::

U Man:~~~tured by

SCIENTIFIC EQUIPMENT
MFG. CO.

An associate of

ASHA SCIENTIFIC CO.
DIRECT IMPORTERS & MANUFACTURERS' REPRESENTATIVES,

SOl, GIRGAUM ROAD. BOMBAY 1.

Interchangeable Laboratory
Glassware 'Our Speciality\

E:::::
WE SUPPLY COMPLICATED RESEARCH APPARATUS

PHONE: 55-8070

CABLE ADOR&SS:"SINTERED"

II1PORTERS k MANUFACTURERS OF
SCIENTIFIC GlASS APPARATUS lSlNTERED liLASSWARES

II. ULTADANGA ROAD. C...LCUTT...·4

m.ade from PJlre~ Glass

Improved models of

PROJECTION TYPE MICRO,

SEMI-MICRO, APERIODIC,

CHAINOMATIC AND

OTHER TYPES OF

~ BALANCES

are obtainable from the

manufacturers

Keroy (!JtVa~ Ltd.

or f10m their agents

LABORATORY STORES
3A Ripon Street

Calcutta 16

Phone: 44-1338

Specialists in

• Sintered Glasswares

• Chemical Apparatus

• Gas Analysis Apparatus

• VoIUIletric Glasswares
GOOCH

CRUCIBLE

31 LATAFAT HUSSAIN LANE
CALCUTTA 10

Phone: 35-5065

335 NADESHWAR
VARANA81 CANTT.

Phone: 3282

ISIR-SEPTEMBER 1964 All



For precision in spectrographic analysis, reli
able reference standards are required.

The wide experience of the company In

inorganic chemistry and metallurgy has been
applied to the provision of metals and com- .

pounds of extremely high purity representing

69 elements, and several series of alloy
standards.

Purity
and
Precision • • •

Available in India through:

The Andhra Scientific Co. Ltd., 4 Blacker's Road,
Mount Road, Madras

Arora-Matthey Ltd., 166 Netaji SUbhas Chandra
Bose Road, Tollygunge, Calcutta 40

Associated Instrument Manufacturers (India) Private
Ltd .• Sunlight Insurance Building, 26-27 Asaf Ali
Road, New Delhi

Raj-Der-Kar & Co., Sadhana Rayon House,
Dr. D. NaorOji Road, Bombay I

The Scientific Instrument Co. Ltd., 6 Tej Bahadur
Sapru Road, Allahabad I

Copies of Ihe appropriate publicatio"s a"d price list
are available ou request

A report detailing the results of a stringent
laboratory analysis accompanies EACH BATCH

SUPPLIED.

JOhOiOD
Matthey

JOHNSON, MATTHEY" COMPANY LIMITED,. HATTON GARDEN, LONDON, ENGLAND
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· " .· , .: ~~~ :
: IMP ACT • Vol. XIV (1964), No. I :
• •
• •
: Unesco's quarterly magazine for THE:GROWTH OF SCIENCE AND THE DiSTRIBUTION •

OF SCIENTISTS AMONG NATIONS •

: those whose interest is the by Charles V. Kidd :

• understanding of science and the NATURAL BALANCES AND SCIENTIFIC RESEARCH •
• •• improvement of social conditions. by J. Lebrun •
• WATER - ESSENTIAL FACTOR OF ECONOMIC •
• DEVELOPMENT •

: • ORIGINAL AR nCLES ON SCIENCE by R. L. Nate :

• AS A SOCIAL FORCE CHANGES IN CIVILIZATION AND THEIR INFLUENCE •
• ON LANDSCAPES •

: • BOOK REVIEWS by Po Gourou :

: • BIBLIOGRAPHIES :
• 1't.
: Annual subscription: $ 2050 13/- stg 9 fro ~ :

j PO' ~pY $075 4/ ". ]f,. ~ UHI ~
• Send subscriptions to: •
• •: ORIENT LONGMANS LTD. ••
• BOMBAY. CALCUTTA. MADRAS PLACE DE FONTENOY, PARIS 7e •
• •
• ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
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MICROSCOPES
and

MICROTOMES
for

Research
and

advanced
Teaching

Sales I Service C.ntr.. throUlhout Ih, world!

Compact-Elel&.i1t-Versatile-Novel Equipment:

For Research and routine work in Science, Medicine, Technology and Industry

Specialities:
Upolyphos" condenser for variable illumination (or phase contrast.
dark and bright field,"Binolux" Mercury Illuminator for contrast fluorescence·
Combination of phase Contrast and fluorescence.

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

Sold and Serviced in India by:
Exelusive Agents and Distributors

NEO·PHARMA INSTRUMENTS CORPORATION
Kasturl Bldg•. , oJ. Tata Road, BOMBAY-1.

Technical Service Offices: CALC UTTA_ DELHI_MADRAS

JSIR-SEPTEMBER 1964



S.S. Water Still (Barnstead Pattern)
* Barnstead pattern, for perfectly pyrogen-free distilled

water and continuous operation, specially to suit pharma·
ceutical demad.

* Complete equipment for ampoule distilled water iA'jection
plant like Water Still, Drying Cabinet, Sterilizer, Ampoule
Cutting, Fitting, Sealing, Testing, etc., mise, Manyfolds, S.S.
Storage Tanks, Laboratory Sundries, etc., and their instal-
lation. .

* Either gas or electric, with different capacities.

Please contact

AND
SERVICE

FOR
QUALITY

• QUICO' MODEL SC/W/2

UNIQUE TRADING CORPORATION
MANUFActURERS' REPRESENTATIVE FOR SCIENTIFIC (LABORATORY) "

SURGICAL INSTRUMENTS" HOSPITAL FURNITURES

Gram:· UNILAB
221 SHERIFF DEVJI STREET, BOMBAY 3

Phone: 32S611 & 323489

SP/UTC/9

THE 'ROTa 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, a~d complete
with the following accessories:

• Swlnl Head for 4x IGO mi. complete with shields of V2A steel and Ilass tubes

• Reducinl Insertion of 5G mi. complete with Ilass tubes (IIttlnl the SWinl head)

• Multi-Carrier of 2x25 mi. complete with Ilass tubes (IIttlnl the swlnl head)

• Multi-Carrier of 4x 15 mi. complete with Ilass tubes (f1ttinl the swinl head)

Rs. 9000/- each

Various other models also available

DIRECT IMPORTERS" STOCKISTS OF SURGICAL" SCIENTIFIC GOODS

27/29 POPATWADI, KALBADEVI ROAD, BOMBAY 2

B. PATEL & COMPANYLiterature and
prices on
request

Phones: 38689 & 39702 Grams: GLASALSORT

jSIR-SEPTEMBER 1964
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TOSH'NIWAL
PHYSICS
LABORATORY INSTRUMENTS

~
ManufaclUred under licence from '" (:4
Messrs. W.G. PYE & CO. LTD.• ENGLAND. '-'1-'
RESISTANCE BOXES. WHEATSTONE BRIDGES
LABORATORY STOPCLOCKS.SCALAMP GALVANOMETERS
STANDARD SHUNTS. DECADE RESISTANCE BOXES
POST OFFICE- BOXES • STUDENT POTENTIOMETERS
KELVIN BRIDGES ETC.

Manufactun:d by:

TOSHNIWAL INDUSTRIES PVT. LTD., AJMER.
Sole Selling Agents:

TOSHNIWAL BROTHERS PVT. LTD.

INSIST ON NATIONAL PRODUCTS

We specialise. in manufacturing:

THERMOSTATIC

BATHS. OVENS. INCUBATORS

VACUUM BATHS. VACUUM OVENS

FRACTION COLLECTORS. B,O.D.

INCUBATORS. EXTRACTION HEATEI\S

WARBURG APPARATUS. DISTILLING

STILLS. GRINDING POLISHING MACHINES

HEATING MANTLES. STIRRERS

ETC. ETC.

'QUICKFIT •

SIMPLE DISTILLATION

VACUUM DISTILLATION

FRACTIONAL DISTILLATION

ANILINE POINT APPARATUS

BOILING POINT APPARATUS

FREEZING POINT APPARATUS

CHROMATOGRAPHY APPARATUS

GAS ANALYSIS APPARATUS

ETC. ETC.

A16

COSMIC INDUSTRIES CORPORATION
7 Swallow Lane, Room No. 66

CALCUTTA I
Phone ': 22-2935
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ASSOCIATION OF FOOD TECHNOLOGISTS (INDIA)
Central Food Technological Research Institute

Mysore

A PROFESSIONAL AND EDUCATIONAL ORGANIZATION OF

FOOD TECHNOLOGISTS AND SCIENTISTS

AFFILIATED TO THE INSTITUTE OF FOOD TECHNOLOGISTS, AMERICA

OBJECTS

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

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

3. To promote the profession of Food Technology.

The ultimate object is to SE'rve humanity through better food.

MAJOR ACTIVITIES

I. Publication of .. Journal of Food Science & Technology" - a quarterly, free to all members.

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

3. Arranging scientific and technical lectures for the benefit of members.

4. Holding symposia on different aspects of Food Technology.

MEMBERSHIP

A credentials committee examines nominations for membership which is open to graduates and
diploma holders in Food Science and Technology and all those interested in any branch of Food
Science and Technology or in allied fields. The present strength of the Association is about 500.
Regional branches of the Association are also bei ng opened.

Admission Fee Re 1.00 • Annual Membership Fee Rs 15.00 or $ 3.50

PUBLICATIONS

SUBSCRIPTIONS

Journal of Food Science & Technology
(Quarterly)

Reviews in Food Science & Technology
(Annual)

For
members

Rs 5.00

For
non-members

Rs 20.00

Rs 8.00

Foreign

$ 5.00

$ 2.00

For membership and other details, kindly address:

THE HONORARY EXECUTIVE SECRETARY, ASSOCIATION OF FOOD TECHNOLOGISTS
MYSORE 2, INDIA

ISIR-SEPTEMBER 1964 Al7



Gram: AGEEBROS

A. G. BROTHERS
(serving science since 1929)

Phone: 22-1561

MICROSCOPES

LABORATORY GLASSWARES

OVENS, INCUBATORS, ETC.

PORCELAIN & SILICAWARES

FILTER PAPERS, ETC.

Pyrex, Jena, West-Glass

BIOCHEMICALS

PHARMACEUTICAL CHEMICALS

SPECTROGRAPHIC CHEMICALS

BACTERIOLOGICAL STAINS

TEST PAPERS, ETC.

E. Merck, B.D.H., Riedel-de-Hean

A rigid source to. meet your growing needs

22 BIPLABI RASHBIHARI BASU ROAD

(Formerly: Canning Street)

CALCUTTA 1

MOTOR

DRIVEN

X-RAY

ROTATION

CAMERA

Ask for
ROTATION POWDER CAMERA

(Debye-Scherrer Type)

ALL-PURPOSE CAMERA, ETC.
Phone 56·3595

THE HINDUSTHAN SCIENTIFIC
INSTRUMENT COMPANY

(MANUFACTURERS & REPAIRERS OF SCIENTIFIC
APPARATUS)

25 RANI HARSHAMUKHI ROAD
1 CALCUTTA 2 ------.

AIR

GLASS COATED
CHEMICAL EQUIPMENT

Reaction Kettles steam jacketed, Evaporators,
Distillation Unit complete, Condensers, Filters
and all accessories such as Stirrers anchor type,

Impellers, Thermowells, etc.

REPAIR WORK OF FOREIGN EQUIPMENT
CARRIED OUT PROMPTLY

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

BOMBAY 8

JSIR-SEPTEMBER 196-1



HILGER ULTRASCAN

Fast Inexpensive

RECORDING SPECTROPHOTOMETER
for Rapid Analysis in the Ultraviolet and Visible Regions

FEATURES

'" Separate light sources for the ultraviolet
and visible regions with automatic change
over

,~ Two symmetrical slits coupled and pro
grammed

'" Littrow monochromator with spectrosil
prism

* Balanced photometer system

* Parallel light paths within the photometer

* Three scanning speeds

* Scanning speed selector

* Automatic gain control

* Spectra ploued linearly in frequency on charts calibrated in wavelength

* Interchangeable ordinate scales, linear in density or transmission

* Simple non-clogging stylus as recorder pen

* Scale expansion for low transmission/high density

* The whole range of 200-750 mfl or any chosen part can be covered in one-scan on
one chart

* Flame spectra, chromatograph strip, diffuse and specular reflectance and many other
attach ments also avai lable

For full details write to:

ASSOCIATED INSTRUMENT MANUFACTURERS
(INDIA) PRIVATE LIMITED

India House
Fort Street

BOMBAY I

jSIR-SEPTEMBER 1964

B5 Gillander House
Post Box No. 2136

CALCUTTA I

Sunlight Insurance Building
26/27 Asaf Ali Road

NEW DELHI
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I.C.A.R. MONOGRAPHS ON ALGAE AND FUNGI

VAUCHERIACEAE by G. S. Venkataraman

Pages 111 Price Rs. 17.00/Sh. 40/S 6.00 (Postage Rs. 2.00)

A systematic account of 54 species of Vaucheria, two of Vaucheriopsis and one each of Dichotomosiphon and Pseudo

dichotomosiphon is given in the monograph. The habitat, distribution, morphology, cytology and reproduction of
the members of the family are also provided.

ROLE OF BLUE-GREEN ALGAE by R. N. Sin~h

Pages 175 Price Rs. 18.00/Sh. SOlS 7.00 (Postage Rs. 2.00)

Role of certain blue-green algae as nitrogen fixers has not attracted detailed investigation in the past. This
monograph, based on laboratory studies as well as field observations, fills up this gap to a large extent. This is a
stimulant to theoretical and applied work in agronomic application and exploitation of blue-green algae in raising
food production.

CYANOPHYTA by T. V. Desikachary

Pages 686 Price Rs. 37.00/Sh. 78/$ 12.00 (Postage Rs. 3.00)

This monograph provides taxonomic and morphological information on blue-green algae recorded in India and
neighbouring countries. The studies on Indian Cyanophyta arc discussed comprehensively, and systematic account
of each family, genus and species is given.

ZYGNEMACEAE by M. S. Randhawa

Pages 478 Price Rs. 26.00/Sh. 56/S 8.00 (Postage Rs. 3.00)

Written by an eminent algologist, the monograph deals with the species and genera of Zygnemaceae, their structure
and methods of reproduction, the concept of their evolution, and the system of classification adopted by various
authorities. Datailed taxonomic descriptions of the genera and species have been provided.

THE CLAVARIACEAE OF INDIA by K. S. Thind

Pages 198 Price Rs. 20.oo/Sh. SOlS 7.00 (Postage Rs. 2.00)

With an introduction covering the history. morphology, classification and economic importance of Clavarias, the
book deals with the Clavarias of India and neighbouring countries, their taxonomic details, habitat and distribution
species-wise.

CHAROPHYTA by B. P. Pal, B. C. Kundu, V. S. Sundaralingam & G. S. Venkataraman

Pages 140 Price Rs. 15.00/Sh. 40/S 6.00 (Postage Rs. 1.50)

This monograph contains the known species of Charophyta from India, Pakistan, Burma and Ceylon. Sixty-six
species are described in this volume of which 34 are of Nitella, 26 of Chara, 3 of Tolypella and one each of
Nitellopsis, Lychnothamnus and Lamprothamnium.

Copies available from

THE BUSINESS MANAGER
INDIAN COUNCIL OF AGRICULTURAL RESEARCH
KRISHI BHA VAN, NEW DELHI-!
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BNCYCLOPAEDIA

PUBLICATIONS

Wealth of India: Raw Materials

·Vol. I (A to B)
·Vol. II (C)

Vol. III (D to E)
Vol. IV (F to G)
Vol. V (H to K)

Vol. VI (L to M)

Weal.h of India: Industrial Products

Part I (A to B)
·Part II (C)

Part III (D to E)
Part IV (F to H)
Part V (I to L)

BOOKS & MONOGRAPHS

AqHatic Angiosperms - A Monograph by K. SUBRAMANYAM
Coir: Its Extraction, Properties and Uses
Foundry Moulding Sands of India

Flora of Delhi by J. K. MAHESHWAiu
Glossary of Indian Medicinal Plants by R. N. CHOPRA, S. L. NAYAR &

I. C. CHOPRA .

Gnetum - A Monograph by PROF. P. MAHESHWARI & DR VIMLA VASIL
Indian Scientific and Technical Publications - A Bibliography

Indian Essential Oils - A Review by A. K. MENON

Marsilea - A Monograph by K. M. GUPTA

Kinetics of Electrode Processes and Null Points of Metals
by·L. 1. ANTROPOV

Problems relating to the Development of Internal Combustion Engine in
India

Essential Oils and Aromatic Chemicals
Cellulose Re.search: Vol. I
Cellulose Research: Vol. II
Antibiotics - Their Production, Utilization and Mode of Action

Chemical Process Design - A Symposium

International Geophysical Year: Vol. I - SympOsium Proceedings
International Geophysical Year: Vol. II - Symposium Proceedings

Plant Embry"logy - A Symposium
Low Temperature Carbonization of Non-caking Coals and Lignites and

Briquetting of Coal Fines - A Symposium: Vols. I & II each

"Denotes-out of stock

Can be had from

Rs 20.00 Sh 40 $ 6.00
Rs 30.00 Sh 60 $ 9.00
Rs 22.00 Sh 44 $ 6.60
Rs 25.00 Sh 50 $ 7.50
Rs 30.00 Sh 60 $ 9.00
Rs 40.00 Sh 80 $ 12.00

Rs 10.00 Sh 20 $ 3.00
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REPORTS & SURVEYS

PUBLICATIONS

Report of the Dyestuff Exploratory Committee

Report on the Selection of a Site for the Location of a Rayon Factory
in India by DR LAVGI THORlA

MISCELLANEOUS

Adapted Processes for the Manufacture of Box Sides by B. M. DAss &
S. N. BOSE

Adapted Processes for the Manufacture of Glazed Kid by B. M. DAss &
J. C. DEB

Austenitic Grain Size Control of Steel by B. R. NIJHAWAN & A. B.
CHATTERJEE

Cottonseed and Its Products by M. N. KRISHNAMURTHI

Directory of Collections of Micro-organisms and List of Species Maintained
in India

Geological Time

Index to Flora of the Upper Gangetic Plain and of Adjacent Siwalik and
Sub-Himalayan Tracts

Indian Graphite - Its Beneficiation and Uses - by J. C. GHOSH.
R. BANERJEE & M. R. ASWATHA NARAYANA

Indian Vegetable Oils as Fuels for Diesel Engines by J. S. AGGARWAL,
H. D. CHOWDHURY, S. N. MUKERJEE & LAL C. VERMAN
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Manufacture and Application of Liquid Gold by ATMA RAM, KARlMULLAH
& LAL C. VERMAN

Patented Inventions of CSIR

Patents for Inventions

Re 1.00 Sh 2 $ 0.36

Re ·1.00 Sh 2 $ 0.30

Rs 2.00 Sh 4 $ 0.60

Rs 2.00 Sh 4 $ 0.60

Rs 3.00 Sh 6 $ 1.00

Hs 2.00 Sh 4 $ 9.60

Re 1.00 Sh 2 $ 0.30

Re 0.50 Sh 1 $ 0.25

Rs 2.50 Sh 5 $ 0.75

Re 1.00 Sh 2 $ 0.30

Re 1.00 Sh 2 S 0.30

Rs 4.00 Sh 8 $ 1.20

Re 1.00 Sh 2 $ 0.30

Rs 15.00 Sh 30 S 4.50

Rs 5.00 Sh 10 $ 1.50

National Register of Scientific & Technical Personnel (Indians Abroad)

Series E. Engineers Re 0.50 per part
E 1 to E 17, E 18, 1964 Re 0.75 for parts E16-

E 18 & E 2, E 13.
E14

Series M. Medical Personnel
M 1 to M 8, M 9, 1963

Series ST. Scientists & Technologists
ST 1 to ST 17, ST 18,1964

Series B & A. Business Administrators & Accountants
B&AltoB&A3.B&A4

Re 0.50 per part
Re 0.75 per parts M 8

&M9

Re 0.50 per part
Re 0.75 per parts ST 2

& ST 14 to ST 18

Re 0.50 per part

Can be had from

THE SALES & DISTRIBUTION OFFICER

PUBLICATIONS & INFORMATION DIRECTORATE, CSIR

HILLSIDE ROAD, NEW DELHI 12

lSIR-SEPTEMBER 196<4 A23



A24

He was wounded seriously in one of the forward posts.
The nearest hospital was 30 miles away. A message was flashed
by means of a BEL-made high frequency transreceiver and
soon the ambulance helicoptt;lr speeded him to the operation theatre.
The life of yet another of the nation's brave sons was saved!

This is but one aspect of the vital role BEL is playing in the
service of the nation, especially in the field of Defence.
BEL provides both reliability and range in radio links, from

f1jII\ point to point, from base to headquarters and from surface to air.

~ IS GEARED UP TO MEET THE NATION'S NEEDS.

BHARAT ELECTRONICS LTD
EP·BEL·20

Regd. Office: JALAHALLI, BANGALORE
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Current

Science & the Nation

THE four-day Symposium on Science and the
Nation, organized by the Association of Scienti

fic Workers of India (ASWI) at New Delhi from 27
to 30 July 1964, was a departure from the usual run
of symposia and conferences held in recent years.
Its implications are many and its impact far reaching.
This is perhaps one of the few rare occasions, if not
the first, when scientists engaged in different spheres
of nation-building activity have sat together side by
side with planners, administrators, industrialists and
others to deliberate and discuss frankly and freely
many vital problems confronting the nation. Also,
for the first time, scientist representatives of Afro
Asian nations were invited to participate in a sympo
sium of this kind so that they could have a first-hand
knowledge of our country's development plans and
programmes, particularly in science and technology.
As observed by Dr S. Husain Zaheer, Director
General, Council of Scientific & Industrial Research,
the main objective of the symposium at the national
level was to help the scientist to take a broader view
of science and to evaluate the role of science in natio
nal development. At the international level, the
purpose of the-symposium was to review the position
of science and technology in the developing countries
and to explore areas in which collaboration could be
developed.

Inaugurating the symposium, Dr S. Radhakrishnan,
President of India, paid homage to Jawahar Lal
Nehru under whose guidance India had accepted the
role of science as significant and important in our
national life. Dr Radhakrishnan stressed the im
portance of science and technology in helping emerg
ing nations to raise the living standards of their
people. Commending the work done by agricultural
scientists, he exorted them to be partners and not
patrons in the development of new techniques, so
that the results of their researches could be easily
available to the farmer.

Dr Zaheer, speaking on the occasion, emphasized
the necessity of teamwork among the scientists and
the necessity of having an integrated view of
science to meet the long-term needs of the country.
He suggested to the participating scientists, including
those from the Afro-Asian countries, to establish
contacts and freely exchange scientific information.

Shri Ashok Mehta, Deputy Chairman, Planning
Commission, voiced the viewpoint of the planner.
He observed that the size of the Fourth Five Year
Plan would perhaps be twice that of the Third Five
Year Plan and that the investment of 2·0-2·5 per cent
in research during the current plan might be raised
to 4-5 per cent of the total investment. He, how
ever, observed that higher investment in research
would be possible if immediate results could be

Topics.
assured and that it was for the scientists to show that
an investment of the order of Rs 400-500 crores
during the next plan period would not be in terms of
long-term advantage but of immediate or quick
advantage.

In his welcome address, Dr N. P. Gupta, President,
ASWI, briefly traced the development of science and
technology in the country since independence, parti
cularly of facilities for research and training. He
dwelt on the growing disparity in the living standards
of the peoples of different nations, and of the problems
which confronted the Indian scientists in nation-build
ing activity. He drew pointed attention to the fact
that scientific talent. and manpower in the country
were not fully utilized, that allocations for scientific
research were inadequate, and that there was yet no
plan to use Indian scientist as a lever for India's
industrial development.

Over 300 delegates including some 50 from 25 Afro
Asian countries and representatives from the Soviet
Union and the World Federation of Scientific Workers
participated in the symposium. Papers numbering
150 were contributed to the following 8 technical
sessions: (I) Irrigation and Power; (2) Petroleum
and Chemicals; (3) Steel, Mines and Heavy Indus
tries; (4) Fooc\ and Agriculture; (5) Transport and
Communication; (6) Health, Building and Town
Planning; (7) Planning, Finance and Organization
of Research; Training of Scientists; and Science and
the Government; and (8) Science and International
Relations. Since the primary objectives of the
symposium were to (i) determine the present state of
development in any particular area and (ii) indicate
the types of problems to be tackled to achieve the
targets set in the Third Five Year Plan, only a few
of the papers contributed to the symposium were
briefly presented, the coordinator for each session
summarizing the salient features of the papers contri
buted. This allowed more time for discussions.
The papers did not discuss technical aspects of
manufacturing processes, equipment, methodology
or other details but were confined to discussions on
(i) techno-economic problems arising during imple
mentation of the Third Five Year Plan, (ii) how and
to what extent lack of technical know-how and in
adequate application of science and technology were
responsible for not achieving the targets, and (iii) the
steps that should be taken to find quick solutions to
urgent problems. As a result of the discussions, the
ASWI has formulated recommendations, numbering
about 80, which largely reflect the general sentiments
expressed in the papers on the need for effecting iill
provements in several spheres of economic develop
ment and nation-building activity.

During the session on Irrigation and Power, it was
generally agreed that greater use should be made of
power in agriculture, and that there was need fQr
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Symposium on Corrosion Research

MOHAN LAL KHANNA

National Physical Laboratory. New Delhi 12

T HE first Commonwealth Symposium on Corro
sion Research, organized by the Research &
Development Organization of the Ministry of

Defence. was held in New Delhi and Kanpur during
20-23 January 1964 under the auspices of the Com
monwealth Defence Science Organization (CDSO),
which met for the first time in this country. This
enabled the Commonwealth researchers to take stock
of the present status of corrosion research in various
countries and to formulate the future line of action
in this field so as to achieve maximum benefits from
a coordinated programme of research. The sympo
sium also provided an occasion to the participating
scientists to exchange ideas on current problems of
corrosion affecting defence stores and equipment,
identify the more important problems of corrosion
and evaluate the remedial measures taken in dif
ferent countries to combat corrosion.

Welcoming the delegates from several Common
wealth countries, viz. Australia, Canada, Ghana,
India, Nigeria, UK, etc., Dr S. Bhagavantam, Scienti
fic Adviser to the Ministry of Defence, said that
metals are among the non-renewable resources and
their judicious use and conservation are of prime
importance to mankind. He laid stress on the need
for group effort in combating corrosion.

Inaugurating the symposium at Vigyan Bhawan,
New Delhi, Shri Y. B. Chavan. Union Defence
Minister. emphasized the importance of international
cooperation in scientific research so as to prevent
unnecessary expenditure and waste of effort. High
cost of research and development, which acted as an
impediment to the starting of large-scale projects in
many developing countries. was also stressed.

The venue of the symposium shifted to the Defence
Research Laboratory (DRL), Kanpur, on 21 January
where its technical sessions were held under the
chairmanship of Dr S. Bhagavantam. In his intro
ductory talk, Major-General B. D. Kapur, Chief
Controller of Research & Development, briefly
reviewed the research on corrosion being conducted
in different institutions in India. He said that under
the Metals Committee of the Council of Scientific &
Industrial Research (CSIR), ten sub-committees were
formed dealing respectively with atmospheric corro
sion, underground and sub-soil corrosion, corrosion
in the chemical industry, corrosion resistant metals
and alloys, marine corrosion, cathodic protection and
inhibitors, inorganic and organic coatings. testing
procedures, industrial corrosion and service failures, .
and fundamental studies on corrosion. A Corrosion
Advisory Bureau has also been set up so as to help
industries faced with corrosion problems by rendering
assistance and advice and also for coordinating the
work of these different sub-committees. Twenty
three research projects are under progress in various
institutes in the country and sixty patents on anti
corrosion measures have been taken. Major-General
Kapur mentioned specifically the panel drawing up a

'Corrosion Map of India', in which the Central
Electrochemical Research Institute, Karaikudi, the
Defence Research Laboratory, Kanpur, the National
Metallurgical Laboratory, Jamshedpur, and other
institutions are conducting field studies on atmo
spheric corrosion testing of iron and other metals.
The data collected will provide the basic information
for drawing up the map. Information with respect
to cathodic protection of underground pipelines,
water storage tanks, cables, railway lines, ships,
structures, etc., will be provided and engineers plan
ning factories, public utilities, etc.• will be helped in
the choice of suitable sites and construction materials,
paints and other surface coatings and finishes.

Research on basic and applied aspects of corrosion
is in progress in the laboratories of the Defence
Research & Development Organization, the CSIR,
the Indian Railways, the Atomic Energy Establish
ment. the Indian Institute of Science, Bihar Institute
of Technology and various other research laboratories.
Among the researches of direct importance to
defence, Major-General Kapur referred specially to
the development of inhibitors for preventing corro
sion in the water jacket and pipes of vehicles, phos
phatizing of weapons and protection of underground
storage tanks. Preventive measures against specific
failures of railway materials and equipment are under
study by the Railway Research. Designs & Stan
dards Organization. The Indian Standards Insti
tution, New Delhi. has published four standards on
temporary corrosion preventives (IS: 958, 1153,
1154 and 1674).

In the Defence Research Laboratory (Materials),
Kanpur, studies are in progress on different aspects
of corrosion, besides the collection of data on atmo
spheric corrosion of different metals. Research on
packaging materials in relation to corrosion has also
received attention and standardization of various
test methods is being attempted. A Commonwealth
Corrosion Cell is functioning at the laboratory. He
hoped that there would be greater flow and exchange
of scientific knowledge among the various Common
wealth countries.

Dr J. N. Nanda, Director, DRL. Kanpur, briefly
reviewed the problems of general importance and
those of specific interest on corrosion being pursued
in his own and other laboratories in the country.

Dr T. Banerjee gave an account of the anticorro
sion and corrosion work in progress at the Natio
nal Metallurgical Laboratory (NML), Jamshedpur.
The substitution of scarce metals in alloy composi
tions by indigenously available metals, aluminizing
of steel used for telegraph pole construction, corro
sion problems encountered by the industry and their
anticorrosion measures and basic research on corro
sion of metals and alloys were among the topics
discussed. /

Lt-Col. V. A. Banjo (Nigeria) said that the 'corro
sion work being undertaken in India was of great
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interest to his cquntry on account of similarity of
problems and weather conditions. Dr R. H. Pur~ell

(UK) suggested short-term courses on corrosIOn
for the benefit of engineers and others employed in
industry so as to utilize the existing knowledge.
The necessity of teamwork was emphasized. Under
CDSO, a cell is being maintained which disseminates
information of interest to defence.

Delegates from research laboratories in India,
Canada and Australia took part in the discussion
that followed.
Aircraft Protection

At this session (Chairman, Dr E. E. Longhurst) two
papers were presented by H. G. Cole (UK). In the
first paper on 'Corrosion and protection of aircraft',
the modem methods of protecting aircraft metals,
the reasons for their choice and their efficiency in
maintaining the static and dynamic strengtli of
metals in service were discussed. With the develop
ment of metals possessing higher strength and of
aircraft structures operating at elevated tempera
tures, personnel responsible for aircraft protection
against corrosion would be required to solve several
new problems. 'Recent developments in aircraft
(protection with) paints' were reviewed briefly in
the second paper. Particular problems connected
with the use of jointing compounds and protection
of aluminium and magnesium against environmental
conditions were considered. The importance of pro
tective coatings of paints and lacquers with maximum
emissivity and maximum reflectance was streSsed.
The use of ion-exchangers for protection was dis
cussed briefly. Discussions on these papers centred
round stress and fatigue corrosion of aluminium
alloys and steel components of aircraft. Special
requirements of protective coatings for supersonic
aircraft, which are subject to surface temperatures
of 120-130°C., were emphasized.

Environmentai Studies

At this session (Chairman, Dr V. Ranganathan)
four papers from India and two papers from UK
were presented. The paper' Laboratory studies on
atmospheric corrosion of metals by sulphur dioxide,
dust and nuclei' by B. Sanyal (DRL) presented the
results of laboratory studies on the corrosion of
metals in synthetic atmospheres containing sulphur
dioxide and metallic corrosion initiated by dust and
electrolyte nuclei. The behaviour of metallic couples
and metals in close proximity in closed atmosphere
containing sulphur dioxide has also been examined
and the corrosion of steel by electrolyte solution
under immersed conditions studied. The extent of
corrosion of all metals was found to increase with
increase in humidity. Rise in temperature led to
further increase in corrosion, which attained a
maximum value at a particular temperature; no
corrosion occurred above 60°C.

In his paper on ' Corrosion map of India', Dr J. N.
Nanda (DRL) presented the results of outdoor ex
posure trials on metals such as mild steel and zinc
conducted at Kanpur, Bombay, Calcutta and Cochin
over the last six years. The experimental procedure,
apparatus and equipment used were described.
Correlation between data obtained and four variables
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of atmospheric conditions has been attempted using
statistical method. A tentative corrosion map of
India has been prepared on the basis of corrosion
data collected so far. However, more stations are
being established in collaboration with other insti
tutions to collect data for the preparation of a broad
based corrosion map of India. N. S. Dempster
(Australia) remarked that the duration of wetness
is one of the important factors that affect the rate
of corrosion wherein many variables are involved.
When considering temperature, its degree, variation
and rate of variation are important. Each variable
is extremely complicated in itself and the effect of
one over the other is superimposed. In order to
explain the observed trends, all these factors have
to be taken into account.

H. G. Cole (UK) presented the paper on ' Corros;on
of metals by organic acid vapours' dealing with
metallic corrosion in the presence of wood and other
organic materials such as adhesives, synthetic resins
and paints.. Such problems as the release of vapours
by these materials and the corrosion caused on metals
such as steel, copper, brass, nickel, cadmium and
zinc by acetic acid and formic acid vapours have been
investigated. Test methods for identifying practical
cases of corrosion by organic vapours were described.
These include chemical tests, paper and vapour
phase chromatography, infrared and X-ray diffrac
tion techniques. N. S. Dempster observed that
similar troubles as those reported above have also
been experienced in Australia. .Contrary to the
general belief that painting as well as varnishing of
wood reduces the chances of wood corrosion, these
experiments indicated that lower molecular weight
organic vapours released by paint and varnish cause
corrosion of wood surface.

'Corrosion of metals in the presence of woods'
formed the subject of the second paper. Exposure
tests conducted at the Tropical Testing Establish
ment, Nigeria, have revealed the corrosive effects of
a variety of woods on different metals and alloys.
The assessment of the effects of fungicides. paint and
aluminium cladding applied to woods, of appropriate
chemical, electrolytic and organic finishes on the
metals, and of the galvanic corrosion arising from
fixing bolts of different metals and finishes has
revealed that oak and plywoods are the most corro
sive woods and magnesium alloys are most easily
corroded. Galvanic corrosion is most pronounced in
oak boxes and magnesium kept in boxes of different
woods and in contact with bolts showed varying
degrees of galvanic corrosion. The extent of corro
sion was appreciably reduced with aluminium clad
ding. Paints and fungicides had very little effect,
but they increased the corrosion of magnesium alloys
in oak boxes.

The ~orrosion of mat~~ials is affected not only by
the environmental conditions but also by the physical
and mechanical conditions prevailing in the system,
Their conjoint action leads to disastrous results;
stress corrosion, fatigue corrosion, cavitation corro
siori, infringement corrosion, etc., are some of the
typical examples of these; impingement corrosion
is of considerable importance and usually occurs in
condensers, heat exchangers and any other system
where high velocities are encountered. This was
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discussed in a paper by Raj Narain and A. K. Lahiri
(NML). Copper and copper-zinc alloys failed
when the power and the capacities of sea-going
vessels were increased at a rapid rate.

Stress corrosion cracking of hardenable stainless
steel was discussed by A. K. Lahiri, T. Banerjee and
B. R. Nijhawan (NML, Jamshedpur). The type of
heat treatment, corrosive environment, etc., are known
to influence profoundly the cracking time of marten
sitic stainless steel. The effect of tempering tempe
rature and hardness level on the stress corrosion
behaviour of 12 per cent chromium stainless steel has
been studied by testing in acidic chloride solution
<:ontaining hydrogen sulphide which promotes the
entry of hydrogen into the steel. When tempered
above 600°C., steels are immune to cracking. At
temperature ranging between 400° and 500°C., maxi
mum susceptibility is observed. The results of this
investigation and those of other workers have been
explained on the basis of changes in physical pro
perties, the nature of the carbide precipitated and
hydrogen embrittlement.

Non-ferrous Metals
Five papers were presented at this session (Chair

man, Dr T. Banerjee). A paper' Corrosion of lead,
lead-tin and copper-lead alloys by lubricating oils'
was presented by Dr N. K. Chakravarty (DRL).
The corrosion behaviour of these alloys has been in
vestigated in lubricating oils undergoing liquid phase
oxidation in the presence of metal catalysts and
under conditions designed to simulate those prevailing
in engine bearings. In the case of lead and lead
<:opper alloys maximum corrosion has been found to
<:orrespond more with peroxide formation rather
than with acidity, and is associated with the forma
tion of organo-Iead compounds as a-yellow protective
layer on lead and oxidation does not follow the gene
rally accepted course of reaction mechanism. On
the other hand, lead-tin alloys undergo insignificant
wrrosion in oil showing thereby the prevention of
<:orrosion of lead in oils by alloying it with a small
amount of tin, for which a tentative explanation has
been suggested. Oxidation of gadolinium in the
temperature range 500-700°C. has been studied by
H. B. Mathur (NCL); this study is of importance
to nuclear research. Experiments with radioactive
markers showed the oxidation to take place by the
oxygen in diffusion through anion vacancies in the
oxide layer and to follow a mixed parabolic-linear
law.

J. F. Hearne (UK) pre3ented a paper on ' External
<:orrosion of tinned plate containers used for long
term storage of foodstuffs in the United Kingdom'.
Storage trials with the commercially available 4 gal.
rectangular container variously painted and protected
under warehouse climates and building designs were
conducted by the Ministry of Agriculture, Fisheries
and Food, UK. These containers could be protected
against corrosion by providing a polythene drape or
tent over the storage stacks. The effect of residual
stresses on the stress corrosion properties of the alumi
nium alloy DTD 5054 were discussed by G. A.
Hawkes (Australia). Test specimens were cut in
short transverse direction in three different ways so
as to obtain three different residual macro stress

systems, namely (1) zero residual stress, (2) residual
compression, and (3) residual tension in the surface.
Curves relating applied stress with time for failure
for these three groups showed specimens with zero
residual stress to possess the best stress corrosion
properties. Failure was due to slow crack initiation
and fast propagation in the case of specimen with
residual surface compression and due to fast crack
initiation coupled with slow propagation, in the
case of specimen with residual tension in the
surface.

Inhibitors
The first paper to this session (Chairman, Dr G. E.

Gale, UK), ' Studies on new inhibitors', was presented
by K. C. Tripathi (Banaras Hindu University).
Inhibitor efficiency of a number of organic compounds
containing both nitrogen and sulphur on mild steel
in acid and neutral media has been studied by
measuring the weight loss. The measurement of
open-circuit potential and its shifts towards electro
positive or electronegative could not be correlated
with inhibitor efficiency. Neither increase in chain
length nor attachment of heavier molecular gro',lps
increased the inhibitor efficiency unlike what was
claimed by earlier workers. The compounds studied
were allyl, phenyl and diphenyl thioureas and other
substituted thioureas. Some of them exhibited
excellent vapour phase inhibition, the mechanism of
action being surface adsorption. The protection
afforded is enhanced when chemical reaction with
surface takes place during adsorption. The theory
put forward supports the experimental results.

A paper on 'Corrosion inhibitors for oils used in
buffer systems' was presented by B. Sany:J.1. Dyna
mic water test as well as immersed corrosion test
conducted with straight and inhibited hydraulic
buffer. oils have shown that steel surfaces do not
corrode with oil alone. On oil being contaminated
with water, the surface on coming in contact with
water is corroded. When 0'1 per cent calcium petro
leum sulphonate is incorporated in the oil and the
surface is first wetted with oil and then with water,
corrosion of steel in aqueous phase is prevented for
9 months. On the other hand, when the surface is
first wetted with water and the absorption of the
inhibitor by the surface prevented, the inhibitor gives
partial protection. A mixture of 0·05 per cent cal
cium petroleum sulphonate and 0·5 per cent ammo
nium naphthenate gives complete protection under
this condition for I year. D. V. BhadwarI,DRL)
discussed the 'prevention of corrosion of engine
jacket and waterways of vehicles using water or
antifreezes as coolant'. Laboratory corrosion tests
on metals and alloys commonly employed in engine
cooling systems have indicated that mains water,
when inhibited with 0·5 per cent soluble cutting oil
and 0·5 per cent sodium chromate gives the best
protection against corrosion as well as scaling. The
corrosion tests were carried out both under dynamic
as well as static conditions or under simulated
conditions.

V. Ramachandran and H. V. K. Unni (Indian Insti
tute of Science, Bangalore) presented a paper 'n
Butylamine as an inhibitor for the corrosion of pure
aluminium in hydrochlo"ric acid solutions'. It has
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been found that inhibitor efficiency of n-butylamine
is low in the first hour and is thereafter almost in
dependent of time. With increase in concentration
the efficiency increases up to a certain limit beyond
which it is constant. Similarly, with rise in acid con
centration it increases up to 1·25N. For getting
optimum efficiency of 63-68 per cent, the inhibitor
concentration of 0·5 g./litre of nitrogen and an acid
concentration of 1·25N are recommended. Under
these conditions di-n- and trl-n-butylamines are also
highly efficient. For steel in sulphuric acid, n-butyl
amine has an efficiency of nearly 45 per cent. With
the addition of the inhibitor cathode polarization is
increased. With optimum concentration of inhibitor
and 1·25N acid, cathode polarization and weight loss
measurements show that current density of 1·6 amp./
dm.' is reduced to 0·48 amp./dm.', while the other
two amines give a higher value for cathode polariza
tion. A curve drawn for the logarithm of the current
density with cathode polarization obeyed the Tafel
equation. From the exchange current the inhibitor
efficiency calculated comes to 51 per cent, which is
very close to the observed value.

The last paper to this session entitled 'Electro
chemical studies of galvanic couples in the presence
of corrosion inhibitors' was presented by S. N.
Pandey. For these studies a modified technique
was employed for the determination of critical poten
tial for the inhibitor. The proposed mechanism is
based on the cathodic processes involving oxygen
reduction and oxygen diffusion taking place at- dif
ferent potentials and successfully explains the ano
malous behaviour of the failure at exposed edges of
galvanized steel in sodium benzoate solution. The
proposed mechanism is supported by experimental
observations made with oxidizing type inhibitors,
such as sodium nitrite and sodium chromate and
with non-oxidizing type of inhibitors, such' as sodium
benzoate. The efficiency, however, depends on the
rate of oxidation-reduction brought about by the
inhibitor.

Cathodic Protection and Underltround
Corrosion

In this session (President, Dr W. A. S. Butement,
Australia) the first paper was on 'Un?ergroun?
corrosion of metals and alloys under Indian condi
tions '. The corrosivity of soils collected from
selected spots on the Durgapur-Calc~tta route for
cast iron, mild steel, carbon steel and nickel steel and
on th\ Palta-Calcutta, Diamond Harbour-Calcutta
and BMge Budge-Calcutta rou.tes for ~ast iron .and
mild steel has been determmed usmg modified
Denison cell. No correlation between the combined
weight losses of electrodes and initia;l ~ell current,
maximum cell curreilt on maximum plttmg could be
observed; similarly, no correlation could be observed
between weight loss of electrodes and any single
physical, chemical or electrochemical soil charac
teristic. However, a correlation is observed between
the combined weight losses of the anodes and cathodes
and the ratio of the total anions to the water-holding
capacity of the soil. In field experiJl.le1?ts i? which
the weight loss and the extent of plttmg m these
ferrous alloys buried at a depth of 2 ft were determined,
the corrosion was higher thafi that observed in labora-
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tory tests. Field exposure tests with Chinsura,
Saktigarh and Burdwan soils and the ferrous mate
rials painted with red lead showed practically no
corrosion. When coated with aluminium, red lead,
bituminous and coal-tar paints and field tested in the
regions around Calcutta, aluminium paint gives better
protection against underground corrosion as com
pared to bituminous, red lead and coal-tar paints.
The corrosivity of four major types of Indian soils,
viz. Amraoti black, Bangalore red, Bankura laterite
and Berhampore alluvial, for ferrous materials was
also studied in the laboratory with modified Denison
corrosion cell and no correlation between the pro
perties of soils and the extent of corrosion has been
observed. The performance of zinc and aluminium
as sacrificial anodes showed reduced corrosion on the
basis of weight losses as compared to the unprotected
ones in electrolytic cells, in most cases zinc being more
effective than aluminium.

In his paper entitled 'The' cathodic protection
of naval ships', N. S. Dempster outlined the develop
ment of cathodic protection in the Royal Austra
lian Navy, with special reference to the design of
impressed current cathodic protection installations.
However, two major fields, in which further work is
necessary, are the study of the process of deteriora
tion of paint films under cathodic protection condi
tions and development of new paints with an ex
tended service life and assessment of plastic resins
for dielectric shields under laboratory and service
conditions. For obtaining maximum benefit from
cathodic protection, the problems requiring attention
are (i) assessment of the value of automatic control,
(ii) current distribution in aft-areas, (iii) introduction
of grit blasting for the preparation of hull for di
electric shield application, and (iv) further assessment
of the flush mounted Ag/AgCl or Zn/ZnCI2 electrode.
An investigation has been undertaken on current
distribution in aft-areas aimed at (i) determining
whether under-protection of rudders is due to the
propellers acting as cathodic sinks, (ii) whether any
relationship exists between the incidence of shaft
corrosion and cathodic protection, and (iii) the
measurement of current distribution between hull
and propeller to predict quantitatively the current
demand of the propeller.

While discussing 'Corrosion prevention at the
stern area of ships', C. P. De described the studies
conducted at the Naval Chemical and Metallurgical
Laboratory (NCML), Bombay, for evaluating the
suitability of some anticorrosive compositions using
a high speed rotating disc apparatus simulating the
turbulent conditions in the area. Solventless epoxy
resins gave the best results with this apparatus and
the preliminary service trials currently in progress
have given promising results. Dimensions and speed
of rotation of the disc and thickness of film applied
were the parameters' studied.

Research Methods
The first paper to this session entitled ' Develop

ment of a cavitation tunnel for studying the cavitation
damage of materials' was presented by G. E. Gale
(UK). When cavitation damage becomes trouble
some, the best solution is to redesign the system
so as to modify, diminish or suppress cavitation.



KHANNA: SYMPOSIUM ON CORROSION RESEARCH

I This is not always practicable and other measures
have to be adopted, such as the selection of a
more resistant material. Test methods used for
evaluating the material are the jet impact slotted
disc rotor, magneto-striction oscillator and con
stricted flow type rotor. The' Factors influencing
the corrosion of metals by salt fog' have been studied
by B. Sanyal (DRL, Kanpur). The salt spray test
is qualitative and a large number. of variables, such
as the nature of the protective coatings, angle of ex
posure, accumulation of fog, etc., are involved.
From the point of view of drainage, exposure at an
angle of 30° gives better results than exposure in the
vertical or horizontal position. The results are
affected by the amount of fog' collecting, atomization,
solubility of oxygen in dilute solution and continuous
or intermittent settling of fog on the surface protected.
In his paper entitled 'Reliability and corrosion',
R. D. Barer (Canada) gave a qualitative definition
of reliability of equipment and stores as a long
service life with minimum maintenance. With res
pect to corrosion, the factors to be considered are
design of equipment, selection of material and the'
process of fabrication.

Speclal Environment

The first paper to this session (President, B. Sanyal)
entitled' Water side attack on diesel engine cylinder
liners' was presented by R. H. Purcell. The
origin of the water side attack has been traced to
piston-liner relationship wherein impulsive trans
verse impacts of the piston on the liner wall excite
liner vibrations, giving rise to cavitation erosion type
damage to the outer surface of the liner. The pro
vision of oil damped piston significantly reduces the
connecting rod transverse vibrations initiated by
piston 'slap' reaction forces. By doing so the
fatigue life of the connecting rod is increased and the
incidence of fretting corrosion on big end bearing
shells is reduced. The power output of the engine
and ring sticking and sludge formation depends on
the quantity and quality of the lubricating oil
entrapped in between the oppositely phased rings
provided.

In the absence of Dr A, A. Krishnan, his paper on
, Liquid metal corrosion' was presented by Dr Ghosh.
Regarding the mechanism of liquid metal corrosion
of metals and alloys, a physical approach has been
proposed to the problem of corrosion, wherein physical
contact between the surfaces of the material and the
corrosive medium is necessary to initiate and the driv
ing force is the free energy of the interfaces. Liquid
metal corrosion can be inhibited by judicious addition
of alloying elements either to the corrosive medium
or to the metal being corroded so as to control the
, dihedral angle' of the liquid phase. The angle in
the case of the tin-rich phase of aluminium-tin alloys
is much lower than that of aluminium-cadmium or
aluminium-iridium alloys in similar phases and,
therefore, aluminium-tin alloys crack more severely
in a patch weld cracking test than the other alloys.
Addition of cadmium increases the angle and reduces
cracking.

'Protection of very high tensile steels against
corrosion. with special reference to hydrogen em
brittlement' was the subject of a paper presented
by H. G. Cole (UK). The standard methods of

. protecting steel parts in aircraft by cadmium plating
of close· tolerance parts, aluminium spraying on wide
tolerance parts and chromium plating of bearing
surfaces subjected to wear cannot be used because of
the difficulty caused by introducing hydrogen with
the metal during the aqueous treatments involved
in cleaning and plating processes. Susceptibility
to hydrogen enbrittlement increases with increasing
tensile strength. Earlier work on the subject and the
physical factors involved were discussed. A method
for measuring embrittlement was described. The
influence of environment, cleaning methods, electro
plating process and other factors was also discussed.
The effect of hydrogen embrittlement on the mecha
nical properties of metals and the mechanisms of
embrittlement were considered.

Corrosion problems on Indian railways and how
they are being tackled were discussed by K. C.
Chaudhury and S. Ramanajam. Painting of com
ponents has been recognized as the simplest and most
economical method of preventing corrosion employing
different combinations of media and inhibitive pig
ments. A rough assessment made in 1958 placed
the loss due to corrosion of equipment stores in the
railways at Rs 200 million. As compared to this,
the annual estimated cost in combating corrosion in
India, UK, Australia, Canada and USA is 500, 2600,
1950, 1500 and 40,000 millions of rupees respectively.
Utilizing indigenously available materials, such as
, red mud' residue from the aluminium industry, zinc
chromate, barium potassium chromate, waste mica,
cashewnut shell liquid, linseed oil, bitumen, etc.,
certain formulations, covered by patents, hav~ been
developed, and are now being manufactured in the
country for use by railways and other industries.
From the point of economy, the aim has been to
formulate a minimum number of compositions, which
are both inexpensive and versatile in being used with
slight modifications as multipurpose materials to meet
various needs.

Concluding Session
In the concluding session held on 23 January, the

heads of different delegations summed up the sym
posium deliberations and made recommendations for
short-term and long-term programmes of coordinated
research work to be conducted in the Commonwealth
countries. It was emphasized that corrosion scien
tists should make efforts to make those responsible
for the execution of the projects cognizant of the
problem of corrosion and of anticorrosion methods
to be followed in combating corrosion.

In conclusion, the symposium provided a valuable
opportunity to research workers in India to under
stand the wide range of problems encountered in other
countries and the manner in which these are being
tackled. The ideas exchanged and the personal
contacts made would stimulate further research on
corrosion.



New Route to Higher Sugars·
N. K. KOCHETKOV

Institute for Chemistry of Natural Products, USSR Academy' of Sciences, Moscow

H IGHER sugars, monosaccharides containing
more than six carbon atoms, were only
a chemical curiosity until about twenty

years ago. It has now become obvious that this
class is widely represented in nature and plays an
important role in the metabolism of living tissues.
As examples may be mentioned sialic acids, isolated
from a wide variety of specific biopolymers of animal
tissue" and which are responsible for a considerable
part of biological activity of higher aldoses from cell
wall polysaccharides of a number of patrogenic
microorganisms, and sedoheptulose (one of the key
intermediates of the photosynthetic cycle) present
in green leaves of all the plants.

Increasing interest to chemistry and biochemistry
of higher sugars makes it desirable to develop new
convenient synthetic routes to them. The existing
methods for preparation of higher monosaccharides
from lower ones are (i) cyanohydrin synthesis! of
Kiliani-Fischer and (ii) nitromethane synthesis2 of
Sowden-Fischer. Although the first of the two
methods has found' numerous applications, both
the two routes have a common limitation as they
enable elongation of the sugar chain by" only one
carbon atom at a time. This limitation becomes
especially important with aldoses containing eight
and more carbon atoms; the procedure in this case
involves a lot of repeating tedious stages. Hence,
it seemed desirable to look for novel approaches.
Such a novel approach now developed in our labora
tory enables elongation of the sugar chain by two
carbon atoms at a time3 :

R-CHO -+ RCH = CHCOOR' -+ RCHOH·CHOHCOOR'
-+ RCHOHCHOHCHO

where R = sugar moiety.

The new route involves transformation of the
lower aldose to an unsaturated aldonic acid with
two extra carbon atoms. The double bond of this
acid is hydroxylated and the higher aldonic acid
obtained thereby reduced to its corresponding
aldose, containing two carbon atoms more than the,
starting monosaccharide. Following this route
we obtained heptoses from pentoses, octoses from
hexoses, etc. The key intermediates of the synthesis
were unsaturated aldonic acids, and their availability
determined the scope of the new method as well
as its convenience. We have elaborated three
independent methods for the preparation of this
new class of compounds so that now it is probably
one of the most readily available one among carbo
hydrate derivatives.

The first of these methods involves condensation
of al-form monosaccharide derivatives with malonic
acid under the conditions of Knoevenagel-Doebner

·Lecture delivered at the University of Delhi under the
auspices of the Advanced Centre on the Chemistry of
Natural Products on 28 December 1963 and at Osmania
University (Hyderabad) on 6 January 1964.
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reaction', viz. heating at 100-100 in dry pyridine
in the presence of catalytic amounts of piperidine.
Consequently, unstable protecting groups could not
be used and protection was best given by isopro
pylidene or benzylidene groups. The method was
applied to the synthesis of three unsaturated aldo
heptonic acids from the corresponding pentoses.

CHO eOOH CH = CHCOCH

I +CHa<' -,.1
R caOH A

The starting ai-forms were obtained via ethyl
dithioacetals according to a routine scheme, involv
ing condensation of pentoses with mercaptan in
acidic medium, subsequent treatment with acetone
or benzaldehyde in the presence of acid and treat
ment of the protected dithioacetal with mercuric
chloride and mercuric oxide to give rise to the
corresponding derivative with the aldehyde group
open to condensation.

One of the serious disadvantages of this method
is the formation of isomeric mixtures during intro
duction of isopropylidene or benzylidene groupings.
On the other hand, the synthesis of suitably protected
al-form hexoses is considerably complicated by the
prese?ce of an 'odd' hydroxyl not covered by
alkyhdene groups, as can be seen below in the out
lined synthesis of ai-galactose:

Ho'lCH(~HolCHI~ opCH(~0tCHOo

HO HO 0 0

OH OH' 0

CH
2

0H CH
2

0Tr CH 2 0Tr CH 2 0T,.

The structure of the unsaturated acids obtained
by condensation with malonic acid was proved by
the results of potentiometric titration (one open
carboxyl), catalytic hydrogenation (double bond)
and ultraviolet and infrared spectroscopic data
(trans-Ot,~-conjugated double bond). Moreover, the
structure proposed explained the formation of fumaric.
acid by periodate and silver oxide oxidations.

In spite of the above-mentioned disadvantages,.
the method was of considerable interest. However,
the desire to make the new route more general made
us look for other approaches.
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The approaches were directed towards elaboration
of the Wittig reaction which was applied to the
carbohydrate series for the first time in our labora
tory. The first method, affording unsaturated
aldonic acids by Wittig reaction, consisted of con
densation of ai-form acetates with triphenyl carbo
methoxymethyl phospharanefi.8• The compounds
were refluxed in dry benzene for 1 hr to give
rise to unsaturated aldonic acids in c. 80-90 per cent
yield.

CHO CH aCHCOOEt
I + PhJ P - CHCOOE t - I
II R

¥"
±OAC t..AcO AcO AcO

R=
AcO tOAC AcO

OAc OAe

CHaOAc CHaOAc CHaOAc

AI-form acetates, non-applicable to the Knoeven
agel-Doebner condensation due to their lability
towards bases, appeared convenient starting com
ponnds in the above reaction. The structures of
the resulting unsaturated acids were proved as
mentioned above; they also appeared to be trans
isomers.

The third, probably the most convenient approach
to unsaturated aldonic acids, is' based on direct
condensation of unprotected monosaccharides with
triphenyl carbomethoxymethyl phospharane'. This
condensation results in a 60-65 per cent yield of
unsaturated acids when the starting compounds are
heated at 900 in dimethylformamide for 4 hr.

Wittig condensation is thus a new reaction in
volving the aldehydic function of monosaccharides,
leading to non-cyclic compounds; it comprises a
considerable interest for synthetic sugar chemistry.
In contrast with ai-form acetates, unprotected mono
saccharides react with the Wittig reagent with the
formation of byproduct saturated derivatives in
addition to the desired unsaturated acids. In the
case of galactose, this byproduct was isolated in
a pure crystalline state and characterized as (I) on
the following basis8 . Elemental analysis and
infrared spectroscopic data suggested the presence
in this compound of a /i-lactone ring. Consumption
of one mole of lead tetraacetate and formation of'
one mole of formaldehyde during oxidation indi
cated the presence of a -CHOH-CH20H- grouping.
The formation of the compound (I) must proceed
by anhydridization of unsaturated aldonic acid

followed by lactonization, as revealed also by a direct
experiment. .

COO!t
I
CH
II
CH

t
OH

HO

HO

OH

If formation of the byproduct 'is for some reason
to be avoided, Wittig condensation can be accom
plished also with reaJily available 2,3,4,6-tetra-0
acetyl glycopyranoses, affording only the unsatu
rated aldonic acid in an yield of c. 90 per cent WIth
no byproducts6 .

The new synthetic methods, and especially the
one involving direct condensation of Wittig reagent
witfJ. monosaccharides, make the unsaturated aldonic
acids readily available and suggest the possibility
of their wide use in the future monosaccharides
synthesis. .

In order to go from the unsaturated aldonic acids
to higher aldoses according to Jhe scheme outlined
in the beginning of the paper it was ·necessary to
hydroxylate the double bond; the stereochemis~ry

of this reaction would determine the configuratIOn
of the final higher sugar. We chose cis-hydroxy
lation with osmium tetraoxide, leading from trans
double bond to threo-glycol grouping.

Hence, every unsaturated aldonic acid would gh:e
rise, after hydroxylation, to two diastereoisomenc
aldonic acids, differing in configurations at C2 and
C3. For example, hydroxylation of 2,3-dehydro
2,3-dideoxy-L-araboheptonic acid (II), obtained by
one of the above-mentioned methods, should result
in a mixture of L-glycero-L-galactoheptonic acid
(III) and L-glycero-L-iodoheptonic acid (IV)'.

COOH COOH COOIol

I
OHCH HO

II Os04
CH - OH HO

HIOJ
OHl" OH +

HO HO HO

HO HO HO

CH2 0H CHaOH CH20H

II m IT

Of the numerous procedures for oxidation with
OS04 we chose the catalytic one, i.e. the reaction
in the presence of minor amounts of OS04' and
sufficient amount of oxidizing agent, immediately re
generating OS04' As such agents, potassium chlorate
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formation of the isomer depends upon shielding
of the double bond by the aliphatic polyhydroxylic
chain of the aldonic acid molecule. However, the
absence of any evidence as for the conformation of
aliphatic chain of monosaccharides makes it im
possible to speculate in this field. However, accu
mulation of further data concerning hydroxylation
of unsaturated aldonic acids will probably enable
us to draw some conclusions concerning this' im
portant problem.

Evidently, the double bond in unsaturated aldonic
acids can be subjected to conversion other than
cis-hydroxylation. For example, of considerable
interest for the synthesis of higher sugars would
be trans-hydroxylation, hydration, aminohydroxy
latirn and a few other reactions, which open new
applications of the method developed' and are now
investigated in our laboratory.

The final step of higher sugars synthesis is trans- .
formation of aldonic acids to the corresponding
aldoses. This operation encountered no difficulties
and was accomplished by standard procedures
well known for lower aldoses, as the length of the
sugar chain does not practically bear upon the course
of the reaction. Lactones or ethyl esters of aldonic
acids were subjected to reduction, depending on
their availability. Either sodium amalgam or sodium
borohydride was used as reducing reagent7,8.

or iodic acid were taken. The reaction could be
effected with unprotected as well as protected un
saturated aldonic acids.. The yields of hydroxy
lation are practically the same for all the types of
de~ivatives, so that the starting compounds are
chosen only from the viewpoint of their availability
and convenience of the synthesis, i.e. individually
for every monosaccharide. The reaction mixture'

. after hydroxylation containing diastereoisomeric
aldonic acids is purified from minor amount of by
products using ion-exchange chromatography on
Amberlite IR-400 (CHaCOO- form) with acetic acid as
eluent buffer. After such purification it is sometimes
necessary to subject the preparation to hydrolysis
for removal of the remaining protective groupings.

Separation of diastereoisomeric acids is most
readily achieved by transforming them to cadmium
salts, as cadmium salts of aldonic acids with galacto
configuration, in comparison with those of iodocon
figuration, are almost insoluble in water. Addition
of cadmium hydroxide to an aqueous solution of
diastereoisomeric mixture thus results in precipita
tion of cadmium salt of compound (III) (yield
55 per cent) ; in order to isolate the second
isomer, the supernatant layer is saturated with
cadmium bromide, resulting in the precipitation of
binary salt - cadmium L-glycero-L-iodogalactonate
bromide (IV) (yield 30 per cent). The overall yield
of aldonic acids thus makes c. 85 per cent. Hydro
xylation of other unsaturated acids was accom
plished in an analogous manner. For example,
2,3-dideoxy-2,3-dehydro-galactooctanoic acid (V),
obtained from D-galactose8, was oxidized to acid,
with D-threo-L-galacto- (VI) and D-threo-L-iodo
configurations (VII). In this case potassium chlo
rate was used as oxidizing agent, as iodie acid brings
about partial lactonization of the resulting aldonic
acid, which leads to difficulties during isolation.

COO!,

HoI OH

OH

HO

HO

HO-Hg---
CHO

HoI OH

OH

HO

HO

COOEt caOEt eOOEt
I
CH HO OH
II Os04
CH - OH HOKC103

f" OH OH

HO HO + HO

HO HO HO

OH OH OH

CM 2 °1of CH20H CH20H

High yield of reduction completely depends
upon the precise control of the pH of reaction mix
ture, which must be maintained in the region 3-3'5.
The higher aldoses obtained by reduction were
isolated by partition chromatography on cellulose
and identified as one or another conventional crystal
line derivative9.

The data presented in this report reveal wide
spread potentialities of the new route in carbo
hydrates synthetic chemistry.
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N UCLEOSIDE diphosphate sugars (NDPS) of
the general formula

o 0
t t

Nucleoside -O-P-Q-P- Sugar
I I

OH OH

constitute the most numerous group of nucleotide
coenzymes considering their central position in
metabolism of carbohydrates.. The compounds of
this class take part in interconversions of mono
saccharides, in the biosynthesis of glycosides, poly
saccharides and complex carbohydrate containing.
biopolymers. More than 40 such compounds have
been isolated and characterized so far. All five most
common nucleosides occur as the corresponding
moiety in NDPS, and the class can thus be subdivided
into five groups - uridine diphosphate sugars (the
major representative being uridine diphosphate
glucose, UDPG). guanosine diphosph~te s~gars,

thymidine diphosphate sugars, adenosme dIphos
phate sugars, and cytidine diphosphate sugars. .In
spite of the considerable amount of informatIOn
available, no simple correlation between the struc
ture and biochemical specificity of the compounds
of the class has been ever outlined to throw light
on the mechanism of enzymic reactions in which
they are participants. On the basis of literat~re

evidence concerning chemical structure and bio
chemical function of NDPS we have recently
attempted to make some generalizing conclusion1.

It appears that within each of the groups of NDPS
there exists an intimate relationship between the
structure of the heterocyclic nucleus and some
structural features of the monosaccharide residue.
For example, the monosaccharide residues in all of
the uridine diphosphate sugars have identical con
figurations at C1 • C2 and (a'

This regularity which at first seems a merely
empirical one becomes more obvious and better
understandable if we consider conformations of
sugar residues in NDPS. In this consideration we
start from the assumption that the sugar moiety in
NDPS must occur in the conformation generally
adopted to be the preferred one by the free parent
monosaccharide. For sugar residues of the uridine
group of NDPS this conformation is always CI, and
in all of them hydroxyls at C2 and (a occupy the
equatorial position. For guanosine diphosphate

- sugars this conformation may be CI (for the L-series)
and BI (for monosaccharides of the D-series). It
appears again that hydroxyls at (2 and Cs occupy
the equatori<J-l position. This regularity, i.e. the
equatorial position of hydroxyls at (2 and Cs. was
found to be the case for all the other compounds of
the NDPS series.

If we now refer to the biological function of various
NDPS; we shall see again a rather obvious regularityl.
Table 1 contains data concerning biochemical
transformations characteristic of the three major
groups of NDPS - uridine, guanosine and thymidine
diphosphate sugars.

As seen in Table 1, each of the three groups is
characterized by its own set of biochemical reactions,
not covered by the compounds of other groups. For
example, compounds of the uridine series take part
in such transformations as oxidation at C6 , epimeri
zation at C4, epimerization at C5, etc., which do not
take place in the guanosine series. On the contrary,
guanosine diphosphate sugars are capable of epi
merization at Cs and (4' reduction at Cs. etc., i.e.
in reactions not taking place in the uridine series.

The above-outlined general regularities, viz. the
dependence of the structure of the sugar moiety

D-glucose, D·galaetose, D-glucuronic
acid, D-xylose, L-arabinose, D-N-acetyl
glucosamine

TABLE 1 - DISTRIBUTION OF BIOCHEMICAL REACTIONS
BETWEEN THREE GROUPS OF NDPS

Type of reaction of the
sugar moiety

The sugar moieties in guanosine diphosphate
sugars have identical configurations at C1 , C2 and C4 ,

the configuration at C2 being opposite to that occur
ring in uridine diphosphate sugars.

D-mannose, D-glyceromannoheptose.
L-galactose, L-fucose, colitose, L-rham
nose

"Lecture delivered at the University of Delhi under the
auspices of the Advanced Centre on the Chemistry of
Natural Products on 3 January 1964.

Oxidation at C,
Epimerization at C..
Epimerization at eli
Epimerization at C, and C,
Reduction at C,
Reduction at C, and epimeri

zation at C,
Reduction at C. and epimeri
zation at C, and C,

Reduction at C, and epimeri
zation at C,. C. and C,

Reduction at C, and C, with
epimerization at eli

Glycosylation of phenols
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Fig. 1 - Secondary structure of uridine diphosphate glucose
(UDPGj

upon that of the nucleoside residue, the equatorial
position of hydroxyls at C2 and (a and the distri
bution of biological functions, cannot be occasional.
A reasonable explanation for the phenomenon in
our opinion may follow from the assumption that
NDPS molecules are capable of forming secondary
structures, formed by hydrogen bonding between the
heterocyclic nucleus and the sugar residue, as shown
scheJllatically in Fig. 1. Molecular models reveal
the possibility of such interaction. There have
already been brief indications in favour of the
existence of this type of secondary structure in JIletal

"complexes of adenosine triphosphate and nicotin
amide adenosine dinucleotide (DPN). However,
the possibility has never been discussed for NDPS.
It must be noted that up to date the conforma
tion of enzymic substrate and its effect upon the
specificity of biochemical transformation has
not been considered properly. It seems obvious
that enzyme and substrate are both equal parti
cipants of biochemical reaction, and not only

,the conformation of enzyme but alw that of the
substrate may strongly bear upon the result of
interaction.

As seen in Fig. I, NDPS are capable of" for
mation of a 'horse-shoe' conformation, fixed
by hydrogen bonding between the amide system
Na-C4 or respectively NC C6 of the heterocyclic
nucleus and the two equatorial hydroxyls at (2 and
(a of "the monosaccharide residue. In this con
formation, the heterocyclic nucleus serves as a tem
plate for the sugar moiety, and thus determines
its structure and conformation. The' horse-shoe'
conlormation of uridine diphosphate sugars is addi
tionally stabilized by hydrogen bonding between the
C;-ribose hydroxyl and carbonyl at C2 of the uracil
residue,

In terms of secondary structure we can explain
the general character of the above-mentioned regula
rities. Fixation of the monosaccharide residue on
the base template must sterically"limit the scope of
possible reactions of the sugar moiety, and may
also facilitate conversions if they lead to con
formation better fitting the template. To exemplify
these statements, I shall consider now reactions
of the uridine series. As seen in Table I, mono
saccharide residues of this group of compounds are
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capable of enzymic oxidation at C6 to give uronic
acids. Consideration of molecular model reveals
the centre in the ' horse-shoe' conformation to be
open to attack. The other reaction taking place in
the uridine series is glycosylation accompanied by
inversion of configuration at C1 ta give phenol
glycosides. This peculiarity also finds its explana
tion in the secondary structure, which leaves the
glycosidic centre open to attack only from the
opposite direction leading to inversion at C1, whilst
attack from the opposite direction is sterically
hindered.

The usefulness of the assumption of secondary
structure is demonstrated also by a considerable
number of other examples1.

Experimental verification of the above-outlined
concept is now in progress in our laboratory. For
this purpose we synthesized a series of previously
unknown analogues of uridine diphosphate glucose
(UDPG) with modified uracil nucleus. If the above

"concepts were valid, modification of the uracil nucleus
and, particularly, of its amide system, leading to a
change of its capability of hydrogen bonding, should
cause changes in "the secondary structure. The
changes in secondary structure must bear upon
physical and chemical properties, and, if our view
point is correct, upon activity and specificity of
enzymic reactions. Hence, study of the behaviour
of analogues of UDPG in various biochemical re
actions might help in arriving at a certain conclusion
for the validity of the concept.

The most interesting compounds from the above
viewpoint seemed to be analogues with the uracil
nucleus modified at atoms responsible for hydrogen
bonding, i.e. at the system C2-Na-C4• We have
synthesized and investigated the following six ana
logues of this type: 3-N-methyl-UDPG (I), 4-thio
UDPG (II), 4-amino-UDPG (cytidine diphosphate
glucose) (III), 2-thio-UDPG (IV), 2-amino-UDPG
(isocytidine diphosphate glucose) and, for comparison,
6-aza-UDPG (VI) with unchanged amide system
of uridine nucleus.

The rather complicated synthesis of these six
analogues was accomplished (Chart I) starting
.with uridine, by modifying its heterocyclic nucleus,
subsequent phosphorylation and condensation with
glucose-I-phosphate2 •

This scheme is based on the methods proposed
by H. G. Khorana for the synthesis of UDPG;
however, marked lability of the analogues made
us modify the procedures or even elaborate new
methods.

The first step involved the synthesis of 2,3-iso
propylidene derivatives of modified uridine. In
two cases it was necessary only to make the isopro
pylidene derivatives from commercially available
nucleosicles (cytidine and 6-azauridine). 2,3-0-lso-'
propylidene-3-N-methyluridine was obtained by the
methylation of 2,3-0-isopropylidenc uridine with
cliazomethane in ether-methanolic solutioha. 4-Thio- '.'
uridine was obtained by modification4 of the method
of Fox et ai. 2-Thiouridine and isocytidine were
obtained via 2,3-0-isopropylidene-2,5-cyclouridine
(VII)· by treating the compound with hydrogen
sulphide or ammonia; in the former case, 5-deoxy
5-thiouridine - the second of the two possible
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Chart 1

IY Y VI •

products of the anhydro cycle opening - was also
isolated from the reaction mixture.

VII

For the synthesis of isopropylidene derivatives
of synthetic nucleosides routine methods based on
treatment wfth acetone in the presence of acid and
desiccant appeared to bring about destruction of
labile analogues. Therefore, it appeared convenient
to use the recently proposed method, using 2,2
diethoxypropane and di(p-nitrophenyl)-phosphoric
acid.

With the new method, good yields of all the modi
fied nucleosides, involving acid-unstable 4- and
2-thiouridine, were obtained. The protected deri
vatives were purified by crystallization or, if needed,
by adsorption chromatography on alumina. Their
purity was controlled by conventional spectrophoto
metric methods, as well as by thin layer chromato
graphy on alumina, which was applied to protected
nucleosides for the first time in our I~boratory.

The next step of the synthesis of UDPG analogues
was phosphorylation. Phosphorylation of nur,:leo
sides is effected usually by treating them with suit
ably protected phosphoric acid and removing
subsequently the protective groupings to give nucleo
side monophosphates. Among our compounds, there
were both acid-unstable (thio derivatives) and

alkali-unstable nucleosides (N-methyluridine).
Hence, we used two phosphorylating agents. Alkali
stable nucleosides were phosphorylated by the
method of Tener (condensation of isopropylidene
nucleosides with 2-cyanoethyl phosphate in the
presence of dicyclohexylcarbodiimide) and sub
sequent removal of the cyanoethyl grouping by
mild treatment with KOH. It proved convenient to
react the compounds at elevated but not at room
temperatjlre, as originally proposed, so as to
reduce the time of reaction from two days to several
hours. For removing the isopropylidene protective
groupings, the phosphates were hydrolysed by
treatment with acetic acid.

Alkali-labile N-methyluridine could not be
successfully phosphorylated by the known methods.
For the purpose we had to develop a new
method of phosphorylation of nucleosides, involving
short-term reflux of isopropylidene derivatives with
dimorpholinophosphochloridate in pyridine and sub
sequent removal of protective groupings by mild
acid hydrolysis (0'1N Hel; 100°; 2 hr).

o 0

V;;H~ t
~~i:H20P(OH)2

The method afforded a high yield of N-methyl
uridine-S-phosphate and proved applicable to other
alkali-unstable nucleosides.

As we intended to use the method of Khorana for
transforming nucleotides to the desired pyrophbs
phates it was necessary to transform nucleotides to
their corresponding morpholidates. No difficulties
were encountered in this step and morpholidates of
modified uridilic acids were obtained under standard
conditions, by condensing nucleotides with morpho
line in the presence of dicyclohexylcarbodiimide.
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Complication was observed only with the 4-thio
analogue, which parti~ly exchanged its thi~ group for
morpholine residue If long reactIon perIods were
taken.

The final step, pyrophosphate condensation, w~s

outlined according to the method of Khorana vIa
nucleotide morpholidates, treating them wi~h tri
n-butyl ammonium oc-n-glucose-1-phosphate. In dry
pyridine. The original met~od was ;n~dified by
carrying out the condensatIOn at 60 Instead of
room temperature so as to reduce the time of re
action. The synthetic UDPG analogues from the
reaction mixture were isolated by ion-exchange
chromatography on Dowex I or DEAE-Sephadex
A-25 with triethylammonium acetate (PH 5) as eluent
buffer, and the compound subsequently transformed
to sodium salts. The yields of pyrophosphates
were usually of the order of 40-50 per cent, but with
isocytidine-5-phosphomorpholidate the yield was
only 15-20 per cent.

At present, we have not obtained complete data
concerning biochemical activity of our analogues.
However the results of preliminary biochemical
assays n'ow available are in agreement with the
concept outlined in the beginning of the present
report. For example, of the analogues tested, the
N-methyl derivative (I) and cytidine diphosphate
glucose (III) appeared compl~tely ina~tive .in ~he

synthesis of sucrose (glucosylatIo~) an~ In ox~dat~on

of glucose residue to glucurOnIc aCId (OXIdatIon
at C8). Such behaviour was e:,pec~ed, because all
the system of hydrogen bondIng IS destroyed' In

. these compounds. On the contrary, 4-thio-UDPG
(II) and 6-aza-UDPG (VI) entere~ both the
enzymic reactions, though they exhIbIted a some
what reduced activity. In this case there must
have taken place only partial weakening of hydrogen
bonding and of the secondary structure. More
detailed investigation of biological activity now in
progress will certainly allow making more precise
conclusion concerning the validity of the general
concept. .

Besides this approach, confirmation of the hypo
thesis will probably be obtained by physical and
chemical study of the analogues. The secondary
structure of NDPS must in some manner bear upon.
their reactivity. In other words, there must be
reactions proceeding at different rates with NDPS
having 'horse-shoe' conformation and with their
analogues having no fixed secondary structure.
The concept would receive a.strong support if such
reactions were found. In this connection I shall
mention here our very interesting recent observation.

First attempts to obtain 5,6-dihydro-UDPG by
catalytic hydrogenation of UDPG were unsuccessful,
as this reaction proceeded very slowly. At the same
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time, hydrogenation of the double bond of uridine
5-phosphate, leading to 5,6-dihydrouridilic acid,
proceeded very readily under identical conditions.
The fact is probably accounted for by the shielding
of this double bond in UDPG by the • horse-shoe'
secondary structure. The explanation seemed even
more reasonable after we found that addition of
urea to the reaction mixture caused a considerable
increase in the rate of hydrogenolysis. It is well
known that in concentrated solution of urea
hydrogen b~nds are weakened, or even completely
cleaved. In our case this cleavage has probably
resulted in disruption of the • horse-shoe' con
formation, which made the double bond sterically
available for hydrogenation. More detailed investi
gation of this phenomenon is now' in progress.

The data presented above covering only the first
stage of our investigation of synthetic analogues
of UDPG have probably demonstrated the prospects
of investigation of molecular mechanism of NDPS
activity and of the effect of substrate confomlation
upon the specificity of enzymic reactions.
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STRUCTURAL modification of ribonucleic acids
by the action of various chemical reagents,
affecting only one moiety or type of bonding

of these biopolymers, is becoming one of the most
important problems of nucleotide chemistry. Modi
fication of the covalent structure must necessarily
bring about changes in physical, chemical and
biological properties of the macromolecule, and
hence can be applied in one or another form to the
investigation of (i) physical characteristics and
secondary structure of nucleic acids, (ii) their re
activity, and (iii) problem of their biological speci
ficity, including genetical, enzymological studies,

.etc. The most important application of the
chemical methods for selective modification must
become the analysis of the primary structure of
RNA, which can be considered an urgent task of the
modem nucleic acids chemistry. During the last
three years chemical modification of nucleic acids
has been extensively studied in our laboratory
in connection with the problem of sequence
analysis.

One of the most promising approaches to elucidate
the sequence of nucleotides in RNA can be based on
the principle now widely used in protein chemistry,
i.e. selective cleavage of the polymer chain into
oligomer blocks and sequence analysis within these
blocks, enabling reconstruction of the whole pattern1.

The problem of isolation of homogeneous preparations
is now principally solved for the so-called' soluble'
or 'transfer' RNA, bearing adaptor functions in
protein synthesis2. The problem of separation of
the oligonucleotide mixture has been finally solved
by elaboration of two methods - that of Tener and
coworkers3, who used 7!vI urea as solvent in ion
exchange chromatography, for removing the non
desirable adsorption. effects and that of Budowsky
and Demushkin4 from our laboratory, who demons
trated that the best resolution can be achieved by
using for rechromatography eluant buffers with
pH sharply different from that applied in the first
run.

The limiting step of the above-outlined approach
to sequence analysis is that of specific cleavage of
the polymer chain of RNA. Evidently, complete
sequence analysis needs elaboration of several - no
less than two - independent methods for selective
cleavage. Such completely selective cleavage of
the polymer chain can be achieved by (i) isolating
completely specific hydrolytic enzymes (up to the
date, only one such enzyme T1 ribonuclease or
guanase has been described), (ii) a purely chemical
approach, i.e. a reaction, involving only one type
of bondin~, and (iii) a combined approach, based
on selective modification of a given type of moiety

·Lecture delivered at the University of Delhi under the
auspices of the Advanced Centre on the Chemistry of Natural
Products on 27 December 1963.

of the polymer followed by hydrolysis with a non
specific enzyme, like pancreatic ribonuclease, which
becomes completely selective due to the modification.

The second and third approaches need chemical
agents modifying selectively one or another moiety
or type of bonding of RNA. Until recently, the
chemical methods have been of incomplete selecti
vity. For example, treatment of RNA with nitrous
acidS, alkylating agents6 , halogenation7, conden
sation with formaldehydeS, the reaction with
mercaptans', and some other reactionslO,ll cannot
afford selective modification, at least, when applied
in their present form. It must be mentioned,
however, that some of them are of potential value
for the purpose and need detailed investigation.
The above considerations should have led one to the
conclusion that the problem of sequence analysis,
as well as biological, say genetical, studies would
receive a considerable impetus after elaboration of
a reaction, modifying selectively one type of the
nucleic base residues.

Our investigations are aimed first of all at deve
loping these types of reactions. We have demons
trated that hydroxylamine, a long-known mutagen,
is a mild reagent reacting with RNA rather
selectivelyl2. The selectivity of the reaction with
hydroxylamine appeared much greater than that of
the related hydrazine. Preliminary investigation of
the reaction of hydroxylamine with yeast polymer
RNA revealed that under appmpriate conditions
(PH 9,5-10'5) there .takes place almost quantitative
destruction of uracil residues, whereas the use of
other conditions (PH 6'5) leads to almost complete
destruction of cytosine nuclei. The purine bases
remained intact in the whole range of conditions
investigated. The same selectivity was observed
for the reaction of hydroxylamine with individual
nucleosides. Analogous results were 0 btained
simultaneously in other laboratoriesI8- u .

The development of a completely selective method
on the basis of reaction of RNA with hydroxylamine
needed the solution of a.number of difficult problems.
First of all, it was necessary to exclude non-specific
hydrolysis of RNA during hydroxylaminolysis. For
example, 2 per cent of the phosphodiester bonds
per hour were hydrolysed non-selectively under the
conditions employed by Schuster14 and Zillig and
coworkers13 . As quantitative hydroxylaminolysis
takes· some 50-70 hr, this side reaction would annul
all the selectivity and the pattern obtained would
be of no value for sequence reconstruction. We
have succeeded in finding appropriate conditions
to bring the non-selective hydrolysis to a minimum.
Treatment of RNA with 5M hydroxylamine at
0° during 80-100 hr resulted in quantitative
modification, overall spontaneous hydrolysis making
no more 'than 2-3 per cent, which is of no im
portance for sequence analysis, at ·least with
soluble RNA.
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. The second problem was the development ?f
methods for selective cleavage of the polymer chal?
of modified ribonucleic acid at the sites of the modI
fied pyrimidine residue. The mechanism of the
reaction of hydroxylamine with uridine as shown
in Chart 1 accounts for the data obtained in our
and other laboratoriesl ,12.14.

As seen in' Chart 1, the reaction results in
the formation of urea residues in place of uracyl
moieties.

The other pyrimidine nucleoside, cytidine (I),
reacts with hydroxylamine to give uridine oxime
(II) (ref. 16).

II

Comparing the two reactions, one comes to a simple
idea, i.e. to split the polymer chain at the sites of
destructed uracil moieties, achieving this by removal
of the urea residues and subsequent mild alkaline
hydrolysis to cau~e elimination. ~f the. phosphate
groupings, occuPYIng the ~-posltlOn with respect
to the open ribose carbonyl. However, this simple
idea as many simpler ideas failed. All attempts
to hydrolyse this N-glycosidic bond without non-.
selective degradation of the polymer were completely
unsuccessful. We tried to remove the urea residue
by acid hydrolysis, by reglycosidation with large
excess of glucose and hydroxylaminolysis with large
excess of hydroxylamine. The elimination of urea
residues under mild conditions was too slow, whereas
drastic conditions, leading to more ready elimination
resulted in considerable non-specific hydrolysis of
the polymer.

Hence, we were made to look for other approaches.
As it is knownI?, ribonuclease hydrQlyses polyribose
phosphate up to hundred times slower than RNA.
It could be anticipated that the presence of urea
residue will not increase this rate. If it were the
case, ribonuclease would split the hydroxylamine
modified RNA only at the sites of intact pyrimidine
bases, that is, after cytidine or modified cytidine
residues, and would not touch the phosphodiester
bonds adjacent prior to uridine. To say it in
other words, ribonuclease would become a completely
selective enzyme.

Experimental verification of the idea showed its
validity. First of all, it appeared that polyuridilic
acid, when treated with hydroxylamine under the
above conditions and containing no uridine residues,
is completely stable under the conditions of ribo-
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nuclease hydrolysis. This result was very promising,
as it showed the phosphodiester bonds adjacent to
the ribosylurea residues to be stable towards ribo
nuclease action.

On this basis, the first completely selective method
for degradation of RNA was developed18 (Chart 2).
RNA was treated with hydroxylamine as usual, and
the modified polymer, containing no uracil nuclei,
subjected to ribonuclease hydrolysis.

In order to prove the complete selectivity of the
method the resulting oligonucleotide mixture was
digested with prostatic phosphodiesterase, which
removed all the terminal phosphate groupings.
After this treatment, the mixture was subjected to
alkaline hydrolysis, which leads to the formation of
nucleotides from the non-terminal residues and of
nucleosides from the terminal residues, containing
no phosphate groupings. Analysis of this alkaline
hydrolysate revealed the nucleoside fraction to
contain only cytidine and modified cytidine. Thus,
only cytidine was the terminal nucleotide in all the
oligonucleotides obtained by ribonuclease digestion
of hydroxylamine-modified RNA. Chemical modi
fication of the substrate made the enzyme completely
selective, and it cleaved only the postcytidine phos
phodiester bondings. So we had in our hands the
first completely selective method useful for sequence
analysis.

It has been already mentioned that complete
sequence analysis of RNA needs several independent
methods for selective cleavage of the polymer chain
at the site" of different types of phosphodiester
bondings. In this connection parallel investigations
of other possible approaches were made.

Comparing the above-presented mechanisms,
proposed for the reactions with hydroxylamine of
uridine and cytidine (ref. 14 and 16), one notices
their essential difference. Really, the rate of the
reaction of hydroxylamine with cytidine increases
with the protonation of hydroxylamine (PH 6) and
decreases with the protonation of cytidine (PH 4,2).
On the other hand, uridine is most probably attacked
by non-ionized hydroxylamine, as revealed by the
drop in the rate in strongly alkaline medium where
ionization of _hydroxylamine (ion NH20-) takes
place. These considerations lead to the conclusion
that N- and a-substituted hydroxylamines should
exhibit a somewhat greater selectivity.

Investigation of O-methylhydroxylamine19 as
potential highly selective reagent demonstrated
validity of the above considerations. Of the four
common ribonucleosides, the reagent affected only
cytidine and did not attack uridine over the whole
range of conditions tested in spite of the very long
reaction periods (up to 100 hr). Reaction of cytidine
(I) with O-methylhydroxylamine resulted in a
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mixture of two products, one of which was uridine
O-methyloxime (III), and the other could be readily
converted to uridine O-methyloxime, being most
probably the intermediate .product shown in the
above mechanism. Hence, the overall reaction
could be presented by the following scheme:

R
I

O~(N)

N~
NH2

R
I

o N
NH2 0CH l , Y)

HN
I

NOCHl

III

R
I

+ 0yN1NHOC~

HNy
NOCHj

Really, it appeared that hydroxamic acids (which
can be regarded as N-acyl hydroxylamines) do not
react with cytidine, but, in accordance with the
above mechanism, modify uridine21• Cytidine and
adenosine ar& completely inert to this reagent.
However, not only uridine but also guanosine,
pseudo-uridine and thymidine are reactive. The
modification consists of acylation of the phenolic
hydroxyl by hydroxamic acid, as outlined for uridine
in the following equation:

The pH optimum of this reaction lies near 6. It
is very slow at pH values 2 and 8 and does not take
place at pH 10. The mild conditions necessary for
quantitative modification made it possible to apply
it directly to ribonucleic acid as they excluded any
possibility for non-selective hydrolysis20• Hydrolysis
of RNA treated with O-methylhydroxylamine
revealed the complete disappearance of cytidine and
the retention o~ the adenosine/guanosine ratio.
The reaction of O-methylhydroxylamine with RNA
was the first method for completely selective modi
fication of only one of the base residues. The
reagent must soon gain importance in biological
and genetical studies, as its advantages over the
now existing non-specific mutagens (HN02, hydro
xylamine, alkylating agents) are obvious.

In order to apply the reaction with O-methyl-
hydroxylamine to selective cleavage of RNA it was
necessary to study the digestion of the modified
polymer with ribonuclease. It could be expected
that the modification will again increase the selecti
vity of the enzyme, and it will hydrolyse only the
posturidilic phosphodiester bonds. Unforfunately,
experimental evidence obtained was not in support
of this supposition. Ribonuclease hydrolysis of
modified RNA as well as of O-methylhydroxylamine
treated polycytidilic acid resulted in cleavage of
the polymer chain at the same sites as before
modificationzo: Moreover, ribonuclease appeared
non-sensitive to modification with O-benzylhydroxyl
amine. Though the reagent quantitatively modifie~

the cytosine residues in a manner similar to that
of O-methylhydroxylamine, introduction of the
bulky benzyl grouping was of no effect upon the
specificity of the enzyme. This result being dis
couraging in view of the development of the new
methods for selective cleavage is important for our
understanding the mechanism of· ribonuclease
hydrolysis. Obviously, the purely steric hindrance
caused by the presence of the bulky substituents is
not essential, and for changing the rate of hydrolysis
it is necessary to block some reactive grouping of the
pyrimidine residue. .

As already mentioned, the mechanism proposed
for the reaction of pyrimidine nucleosides with
hydroxylamine suggested that not only 0- but
also N-substituted hydroxylamines may appear
more selective reagents than the parent compound.

. The rates of modification of guanosine and uridine
seem to be different enough to enable selective
modification of only guanosine (at pH 8) or of both
the two nucleosides (PH 9). On the other hand, the
reaction seems very promising as an approach to
selective cleavage of the transfer RNA chain at
the sites of 'minor' nucleotides. to give long
oligonucleotides of greatest interest for sequence
analysis.

The novel approach developed in our laboratory
to the problem of sequence analysis of RNA, based
on selective chemical modification and subsequent
hydrolysis with a non-selective enzyme, seems one
of the most promising ones, and we hope that it
will be soon tried for elucidating the covalent struc
ture of low molecular 'transfer' ribonucleic acids.
On the other hand, O-methylhydroxylamine - the
most selective mutagen ever studied - is, as we
·know; now successfully applied.

Hence, the design of new chemical reagents of
complete selectivity and study of the possibilities
to increase selectivity of the old ones (e.g. hydra
zine) seem of greatest interest to the caemists of our
laboratory.
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Hydraulic Lime
MOHAN RAJ

Central Building Research Institute, Roorkee

T HE use of lime as a building material dates
back to antiquity. Of the various types of
lime used for construction work, the first

ever known is perhaps hydraulic lime produced by
the calcination of limestones containing a large
portion of clayey matter; it possesses the property
to set and harden under water. Before Portland
cement came into prominence as an outstanding
construction material, hydraulic lime had been the
chief cementitious material. However, by the end
of the nineteenth century standard quality Port
land cement became easily available, and hydraulic
lime was reduced to the position of a secondary
material.

There has recently been greater awareness of the
beneficial effects of the use of lime in masonry work
and it has been recognized that compared to any
other building material, lime improves some of the
basic requirements of masonry mortars, such as
water retention, workability, watertightne~s, small
cyclic volume changes, etc., and it· costs less.
However, although the manufacture of high cal
cium lime has improved greatly, the manufacture
and use of hydraulic lime has not been standardized
and has received much less attention. This appears
to be mainly due to the variable nature of lime
stones from which hydraulic lime is produced.
The present article reviews some of the important
aspects of the manufacture and use of hydraul~c

lime, viz. clayey matter in limestones and their
effect on the calcination process, specifications,.
constitution and hydration. of hydraulic lime.

Impurities in Limestones and
Manufacture of Hydraulic Lime

Generally, the impurities in limestones consist of
silica, alumina, ferric oxide, titania, etc. These
impurities combine with calcium oxide at the
usual firing temperature of a limekiln. The
combination of calcium oxide with the impurities
occurs at the most active surfaces of calcium oxide.
Consequently, the reactivity of the lime produced
is diminished not only because the impurities render
part of the lime unavailable for reaction with water,
but also becau5e the portion rendered unavailable
would otherwise have been most reactive.

Deforge! studied many theoretical and practical
aspects of the manufacture of hydraulic lime. The
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uses of hydraulic lime in building have been reviewed
by, Lafuma2. Some useful contributions were made
by Hoons, Dumas' and Alherton5• Most of these
investigators considered the clayey matter in lime
stones as merely acting as an admixture of different
oxides and the process of manufacturing hydraulic
lime to be more or less akin to the manufacture of
cement.

In the manufacture of hydraulic lime the re
actions between calcium oxide and the components
of clay minerals are mostly solid state reactions.
These reactions depend not only on composition
and temperature but also on the duration or rate
of heating. The processes are greatly influenced by
the physical and chemical conditions of the specific
clay minerals and their distribution in limestones.
Large particles of quartz or isolated pockets of
clay will react at the surface, and even though
calcium oxide may be available, complete combi
nation may not occur. Contrary to this, in the
manufacture of Portland cement a complete combi
nation of clay components with calcium oxide is
invariably aimed at and achieved.

For the manufacture of hydraulic lime it is desir
able' to produce lime by , soft burning', i.e. at low
temperature so as to obtain maximum porosity and,
therefore, large surface available for reaction of
lime with water. At the same time, it would be
logical to burn limestones at the highest possible
temperature to obtain maximum kiln efficiency as
well as maximum hydraulic value due to the forma
tion of cementitious constituents. However, in
the latter process 'hard burning' or 'sintering'
of lime is to be avoided as far as possible. A
compromise, therefore, has to be made so that a
hydraulic lime retains its beneficial physical charac
teristics, yet possesses the best possible cementi
tious properties. This ideal condition is particularly
difficult to achieve unless the behaviour of clay
matter in a limestone during its calcination is pre
ci3ely known.

Although knowledge of the products of reaction
between calcium oxide and clay is fairly advanced,
comparatively little is known about the effects of
the dehydration' and nucleation characteristics of
different clay minerals on the combination of calcium
oxide and clay components, and on porosity and
reactivity of lime. Hence, whether the reactivity
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of a lime is based purely on surface available for
reactions as pointed by Wiihrer6 or whether a
chemical factor also affects it is not well under
stood.

With a view to understanding some of the above
factors, Azbe7, GeorgeS and Ludwig et al.9 studied
artificial hydraulic limes as the calcined product of
mixtures of calcium carbonate and silica, alumina,
iron oxides, etc., or a clay mineral, but the results
obtained were of little practical value as they were
not corroborated by studies· on natural limestones.
It is, therefore, of great practical consequence, firstly,
to devise suitable methods for the separation, identi
fication and estimation of clay minerals in limestones
and, secondly, to study the effect of dehydration
characteristics of clay minerals on such physical
properties as shrinkage, porosity, reactivity and
hydration of hydraulic limes.

Specifications on Hydraulic Limes

In practice, hydraulic lime, obtained by burning
argillaceous and siliceous limestones at temperature
of 950-1200°C., contains free calcium oxide, some
cementitious constituents and certain non-cementi
tious constituents. The relative quantities of these
constituents determine the degree of hydraulicity
and accordingly hydraulic lime is designated as
, semi-hydraulic' or 'eminently hydraulic '. These
classifications are arbitrarily based, for example, on
early strength as in the French standard specifica
tion (P-15-310) or on the contents of calcium and
magnesium oxides as in the British standards (BS
890: 1940) or on both· as in the ASTM specification
(C-141-1961) and Indian standard specification
(IS: 712-1956). These classifications often result in
confusion because two limes of more or less similar
chemical composition may show entirely different
setting and strength development properties.
According to the standard specifications, if soluble
silica, alumina and iron oxide together in a lime lie
within the range 15-25 per cent, the lime is con
sidered hydraulic. However, these oxides would
have combined either in the hydraulic or non
hydraulic constituents or both, which cannot be
determined by chemical analysis. Hence, the usual
chemical analysis does not indicate the difference
in the hydraulic properties of two limes similar in
chemical composition but different in constitution.

Constitution of Hydraulic Lime

The constitution of hydraulic lime is little under
stood. According to some workers i ,S,lO-12, hydraulic
lime consists of a mixture of calcium oxide and a
cement almost identical with Portland cement.
However, it is not so, because the formation of
cement minerals in hydraulic lime is not exactly
governed by the equilibrium conditions and phase
relations between calcium oxide, alumina, silica,
iron oxide, etc., as in the manufacture of Portland
cement.

Azbe et al. l3 identified the constituents of a few
hydraulic limes and reported the presence of calcium
oxide, magnesium oxide, ~-dicalcium silicate and
tricalcium aluminate. No evidence of the presence
of tricalcium silicate, the most important consti
tuent of Portland cement, was obtained. RobertsH

studied the constitution of five commercial hydraulic
limes' manufactured in the United Kingdom by
X-ray diffraction, optical microscopy and chemical
methods and identified y-dicalcium silicate, and
(1.- and ~-calcium. silicate, tetracalcium alumino
ferrite, dicalcium aluminosilicate and tricalcium
disilicate in addition to the minerals identified by
Azbe et al. However, no explanation was given
about the conditions which facilitated the formation
or otherwise of a specific constituent. According to .
Roberts, phase equilibrium data are of little con
sequence for quantitative determination of various
cementitious constituents in hydraulic. limes.

Ludwig et al.9 prepared artificial hydraulic limes
from calcium oxide and one of the clay minerals,
viz. kaolinite, montmorillonite and illite. On the
basis of the compounds estimated by X-ray and
electron microscopy they computed the mineralogi
cal compositions of 25 commercial hydraulic limes.
In this study it was supposed that the clay minerals
in limestones occur in as homogeneous a state as
they could be di$tributed in an artificial mixture.
However, the distribution of clay minerals in lime
stones is far from homogeneous and, therefore, an
exact determination of the mineralogical composi
tion on the basis of studies on artificial mixtures is
not adequate. The homogeneous state of r~actions

in the manufacture of hydraulic lime at the best
occurs only at some localized positions.

~-Dicalcium silicate is by far the most important
constituent of hydraulic lime. In the manufacture
of limes, due to slow cooling operation, often the
inversion of cemimtitious ~-dicalcium silicate takes
place into non-cementitious Y-dicalcium silicate.
Sometimes irrespective of slow cooling of hydraulic
lime ~-dicalcium silicake is present in stabilized form
due to excess of calcium oxide or some minor
constituents like potassium oxide, phosphorous pent
oxide, chromium oxide, etc.iS, and these consti
tuents sometimes modify the rate of hydration of
~-dicalcium silicate16. But it is not known exactly
under what conditions a hydraulic .lime would con
tain ~-dicalcium silicate or Y-dicalcium silicate.

Hydration of Hydraulic Lime

During slaking or hydration of hydraulic lime
the free calcium oxide must be hydrated completely
and the lime putty left for at least 24 hr for matur
ing. However, during this process the hydraulic
constituents of hydraulic lime are likely to lose a
part of their cementitious value. As a result there
is controversy about the method, time and tem
perature of hydration of hydraulic lime. Hydration
of hydrauli<;, lime for 24 hr is specified, presumably
because the loss of hydraulic value is considered
negligible, as ~-dicalcium silicate, the most pre
dominant constituent, is expected to hydrate very
slowly. However, a hydraulic lime may contain
some other cementitious minerals like tricalcium
aluminate, dicalcium aluminosilicate and tetra
calcium aluminoferrite in different amounts and
may hydrate very quickly during slaking, with
consequent loss of hydraulic value. Hence, there is
need to find out a proper method of hydration. or
slaking of hydraulic lime to satisfy the various
requirements resulting from the above controversy.
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In conclusion, the problems relating to the manu
facture and use of hydraulic lime which need fur
ther investigation may be listed as follows:

(1) Physical and petrographic properties of argil
laceous and siliceous limestones to determine the
nature and distribution of clayey and non-clayey
constituents; (2) separation; identification and esti
mation of clay minerals in limestone;;; (3) effect of
the dehydration and nucleation characteristics of
clay minerals in limestones on the calcination pro
cess and on the physical properties like porosity and
reactivity of hydraulic lime; (4) constitution of
hydraulic lime, particularly the method for the
quantitative determination of mineralogical com
position; and (5) hydration of hydraulic lime with a
view to arriving at a suitable method of hydration
and determining the compositions of the hydration
products.
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Recent Advances in Optics & Their Applications in Defence

A Seminar on Recent Advances in Optics with
Particular Reference to Their Applications in
Defence will be held at the Instruments Research
& Development Establishment, Ministry of Defence,
Dehra Dun, under the auspices of the Defence Re
search & Development Organization on 30 and 31
October 1964. The main object of the seminar,
which is expected to be attended by senior officers
from the three Defence Services as well as by top
defence and civilian scientists, who are specialists
in the field, is to review and discuss some of the.
recent advances in the fields of optics and applied
optics and their possible applications in meeting the
futuristic needs of the Defence Services in particular,
and of optical instrumentation in general. The

378

following topics have been included for discussion
during the seminar: (1) Fibre optics and its ap
plications: (2) Lasers and their applications;
(3) Infrared optics and its application; (4) Modern
trends in optica;l image evaluation; and (5) Recent
developments In interferometric techniques and
their applications.

As part of the programme of the seminar, a popular
lecture by Dr S. Bhagavantam will be delivered on
the evening of 30 October.

Th~se int.ending t.o participate or contribute papers
for discussIOn dunng the seminar should write to
the convener, Dr C. S. Rao, Director, Instruments
Research & Development Establishment Dehra Dun
by 10 October 1964. "



Microbiological Corrosion: Sulphate Reducing Bacteria & Their
Corrosive Influence on Metals

BRAJENDRA NATH TRIPATHI

Defence Science Laboratory, Delhi

SULPHATE reducing bacteria are largely res
ponsible for the corrosion of subterranean
metal structures. These bacteria also cause

the corrosion of submerged metal structures at
favourable sites. In respect of prevalence and
severity, bacteria are one of the most important
natural corrosive agencies. The problem of bacterial
corrosion is particularly serious in the case of sub
terranean ferrous pipelines. Huge economic losses
due to this phenomenon have been reported fr@m
several countries. Such corrosion in the United
States alone has been estimated to cause a loss be
tween 500 and 2000 million dollars per annuml . A
corresponding figure for United Kingdom is 5 million
pounds2. Corrosion loss due to subterranean cables
and pipelines in Japan is 0·2 million dollars annually3.
Unlike a temperate country, the conditions in a hot
humid tropical country like India are more con
ducive for bacterial corrosion. However, no esti
mate has been made of the losses due to this agency
in India.

With accelerated industrialization of the country,
specially the development of petroleum industry and
installation of different types of subterranean and
submerged pipelines, storage tanks and other metal
structures, the problem will become more formidable.
A survey of the literature reveals that little research
work on the corrosive influence of bacteria and
its mitigation has been done in the country. In
view of this it was considered of interest to review
this aspect of corrosion.

Taxonomy and Morphology of Bacteria
Several families of bacteria reduce sulphate, in

cluding those which reduce sulphate prior to the
synthesis of sulphur containing amino acids. But
the dissimilatory bacteria, whose major energy yield
ing reactions are associated with the reduction of
sulphate to sulphide, are designated as the sulphate
reducing bacteria4 . There are several species. Some
of the apparently different species have been gradually
acclimatized to grow under conditions favourable
to others, such as mesophilic strains which can be
acclimatized to grow at 50°C. and thermophilic
strains at 30°C. Hence, it was suggested that such
species should be regarded as the different strains
of the same species6 . But recent studies have pro
vided results contrary to this viewS. Certain
varieties of mesophiles are unable to grow at tempera
tures higher than 37°(.; the highest temperature to
which the mesophiles can be acclimatized is below
50°C.; certain halophiles cannot grow in soft water,
some form spores and others do not. A brief ac
count of the taxonomy and the morphology and
some other characteristics of the sulphate reducing
bacteria would be of importance.

Desulphovibrio desulphuricans - It has been
classified? under Schizomycetes and is the most

commonly occurring species. It is a mesophilic,
gram-negative vibrio. In actively growing cultures
at about 30°(., the cells are slightly curved vibrios
c. 2 X 10-3mm. long, each with a single polar flagellum
c. 10-5 mm. thicks. Under specific conditions of
growth they also appear as coccoid cells, short rods
or spirilla9• Its cells possess rapid progressive
motility.

Desulphovibrio aesturii - It is a halophilic or salt
tolerant variant of the species D., desulphuricans,
with which it resembles in most of the physical and
physiological characteristics. '

Desulphovibrio orientis - It is a spore forming
mesophilic vibrio which resists heating and drying.
It, lacks certain pigment characteristics of D. de
sulphuricanslo •

Clostridium nigrijicans - The thermophilic sul
phate reducing bacteria were earlier designated as
D. thermodesulphuricans. But now it has been un
equivocally established that such species are Clostri
dium nigrijicansll•12 . It is spore forming, thermo
philic, gram-negative bacteria flourishing best at
55°C. Some strains may be capable of growingl3 at
temperatures as high as 60-80°(. Its cells are
larger in size and possess several flagella scattered
around. Its cells rotate with very little progressive
motion14• '

A barophilic species of peculiar morphology has
been reported15.

Desulphovibrio rubentschickii, capable of utilizing
acetate, propionate and butyrate, and Desulphovibrio
rubentschickii var. anomalous, capable of utilizing
propionate and butyrate but not acetate, have been
mentioned as separate species5• But these species
could not be isolated laterls. Hence, their existence
is doubtful.

Desulphoristella has been, mentioned as a different
genus17. But it is not considered to include a single
pure species.

Sulphate Metabolism in Bacteria
The mechanism of conversion of SO~- to 52- has

not been completely elucidated, but it is definite that
it involves several steps. The potential inorganic
intermediates between SO~- and 52- which are re
ducible by the bacteria are 50:-, Sp:-, Sp~.

Sp~-, Sp~- and colloidal sulphur. 50:- is reduced
at a faster rate and all others at much slower rates.
The bacteria are not able to reduce S30~', SP~-, 
Sp~- and S20~- ions, non-colloidal sulphur and a
large number of other sulphur compounds including
cysteine. It has been shown that 50:- may be the
intermediatels. This was supported by the observa
tion that 50:- inhibits the reduction of labelled SO~

while 520:- does noPs. In a mixture, SO:- is prefer
entially metabolized first and the reduction of SO~-
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is initiated only after all sulphite has been used up.
The attempts to trap SOi- by reducing SO~- in the
presence of acetone have not given any indication
of SOi- formation. Instead of free SO;- ion, some
organic derivative of SOi- inside the cell may be
the true intermediate20. If bacteria are grown in
excess of SOi- containing some isotopically labelled
SO~- and the reaction is stopped before completion,
some of the isotope is found to be present as sul
phite21,22. Hence the sulphite or some other deri
vative in biochemical equilibrium with it may be the
intermediate. Recently it has been found that SO~

forms an organic derivative and then it is directly
reduced to SOi-. This activity represents a new
mechanism23.

Selenate, an analogue of sulphate, is not attacked
by bacteria, but it completely inhibits SO~- reduc
tion, whereas the reduction of SOi- is not inhibited
either by selenite or selenate2&.· Hence selenate
inhibits the conversion of SO~- to SOi-.

Ecological Changes

The sulphate reducing bacteria during their growth
utilize hydrogen or other reducing agents to reduce
sulphate to sulphide. The free hydrogen gas formed
as one of the products of anaerobic microbiological
metabolism is used up. The utilization of cathodic
hydrogen on metal surfaces is a prominent cause of
corrosion in such environments. Because of the
reduction of sulphide, the concentration of sulphate
ions in the medium gradually decreases, unless there
is some mechanism of its replenishment. In natural
waters the sulphate content is sometimes low
and hence by initial growth of bacteria all sulphate
is exhausted and further growth automatically
ceases.

The ferrous sulphide formed by the corrosion
process blackens the surrounding soil. Usually the
sulphide is in porous and finely divided state which
gets rapidly oxidized on exposure to air. At pH 7,
the sulphide hydrolyses with· the evolution of hydro
gen sulphide, which is involved in several of the
following ecological changes: (1) The growth of
bacteria increases the pH of the environment by the
escape of hydrogen sulphide, unless there are some
compensatory processes such as the formation of
metal sulphide or acid fermentation. (2) Heavy
metal ions are precipitated as sulphides. (3) Hydro
gen sulphide being an active reducing agent greatly
depresses the oxygen concentration and hence en
hances anaerobiosis. The redox potential goes down
and a better condition for the growth of anaerobic
bacteria is attained.. (4) Hydrogen sulphide exerts
a poisonous effect on most of the higher aerobes.
After their death, the putrefaction provides the

- nutrients required for the sulphate reducing bacteria.
(5) Hydrogen sulphide exerts deactivating influence
on certain anaerobic bacteria such as methane bac
teria. Hence they are rendered inactive during
large-scale growth of sulphate reducing bacteria.
(6) Hydrogen sulphide helps to enhance the growth
of certain microorganisms such as sulphide and sul
phur oxidizing bacteria and blue or green algae by
favouring .their metabolism.
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These ecological changes are important from the
point of view of corrosion of metals by bacteria.

Conditions for the Natural Growth of
Bacteria

The essential physico-chemical factors for the
growth of bacteria are the following:

Anaerobiosis - As the bacteria are anaerobic, their
growth occurs only in the' environments where
anaerobic condition can be established and main
tained. Such environments occur mostly under
natural or artificial water systems or water saturated
soils. Sometimes sufficient degree of anaerobiosis
may frequently occur at isolated regions in water or
soils with high oxygen content, because of chemical
or biochemical reducing reactions such as action of
reducing metal ions, cellulose fermentation, etc.
Hence such regions can also be the locations of the
growth of bacteria. When bacteria are exposed
to aerobic environment, their growth stops and
they remain dormant and flourish again when they
enter anaerobic environments. Thus the bacteria
are aeroduric and oxygen exerts only bacteriostatic
action25.

Temperature - The sulphate reducing bacteria
can exist and grow in suitable locations over a wide
range of temperature (25-60°C.). Bacterial activity
up to 80°(. is also reported13. Several strains are
capable of acclimatization to new conditions of
temperature.

pH - The effect of pH of the environment on sul
phate reducing bacteria is characteristic. The bac
teria are active only in neutral or slightly alkaline
medium. The most favourable pH is 7·5. A pH
above 9·0 (ref. 26) and below 5·0 (ref. 27) is detri
mental to their growth.

Carbon requirements - Most of the strains are
facuItative autotrophsu ,28 and only a few do not
grow autotrophically29. Hence organic materials
are not essential for the growth of most of the strains
as they can grow with carbonate and bicarbonate
as sole carbon source25. But the autotrophic growth
is slight as compared with heterotrophic growth26 ,30-33.
The rates of SO~- reduction in subterranean waters
in summer months greatly exceed the rates in springs.
The amount of organic matter dissolved in water is
the main factor limiting the growth3&.

D. desulphuricans derives energy for cell synthesis
from inorganic compounds or non-assimilable organic
compounds, but the cell carbon is derived from organic
compounds which are unable to act as energy
sources35.. D. aesturaii fixes carbon dioxide hetero
trophically using organic reducing agents and auto
trophically using elementary hydrogen36. It has
now been established that bacteria are incapable of
growth in completely autotrophic medium3? Field
conditions are rarely autotrophic, though significant
bacterial corrosion may occur under such conditions.
A ferrous specimen buried at a depth of 5·5 metres,
where the solid does not contain any organic matter
in detectable quantity, has been found to suffer
severe corrosion38.

Reducing agents - A direct or indirect source of
hydrogen is required by bacteria for the reduction
of SOt (ref. 20). Elementary hydrogen is utilized
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in autotrophic growth only39. In natural environ
ments, chemical or biochemical processes involving
inorganic reducing ions, metal and anaerobic micro
biological metabolism, specially cellulose degradation
provide hydrogen or organic reducing agents. The
organic materials are mostly oxidized to carbon
dioxide for providing hydrogen for the bacterial
metabolism. A redox potential in the neighbourhood
of 200 mY. is necessary for the initiation of growth
of bacteria. At lower redox potentials, the rate
of growth enhances4o. Sewage sludge contains much
larger number of bacteria than the sewage itself41.
Apparently their growth takes place only when redox
potential falls to a certain limit. In subterranean
waters the bacterial activity is initiated only at rH

value below 17 (ref. 42).
Sulphate requirements - The bacteria require in

organic sulphate for their respiration process. As
sulphates -e.re universally present in almost all soils
and water systems, the condition is widely fulfilled.
Concentration of sulphate required for initiation of
growth of bacteria present in marine environments
is less than 2·8 X 1O-4M and for supporting maximum
growth 5·6 X 1O-3M (ref. 43).

Miscellaneous requirements - Iron is an essential
growth factor2.,44. Some inorganic salts like phos
phates and ammonium compounds are also essential
for growth. The growth of bacteria is accele
rated by magnesium, aluminium, iron sulphide and
rust l8 .

Habitat, Corrosive Locations and
Dama~e

The sulphate reducing bacteria occur in nearly all
natural water and soil systems in active or dormant
state. Whenever any artificial or natural water or
soil system becomes anaerobic imd other favourable
conditions are also present, the activity of bacteria
ensues. Sometimes anaerobiosis is attained bio
chemically because of the fouling and other organisms.
All such locations have been found to be the centres
of bacterial corrosion. Densely packed and poorly
aerated clays, waterlogged soils4o,46, bogs, marshes,
esturine muds31 ,47, marine muds48 ,49, flood waters50,
deep well waters5!, creek waters52, stagnant water,
polluted waters53, lakes and marine waters52 ,04-56
are the common locations having adequate growth
of bacteria. Subterranean and submerged pipe
lines1,2, storage tanks57, well casings08-60 and other
petroleum equipment parts81 , steel jetties62, various'
parts of the aquatic vessels3o ,63, industrial cooling
systems and heat exchangers64 ,65, internal surfaces
of pipes bearing water or civil or industrial wastes66
and pipes from deep water wells·1are known to suffer
damage due to bacterial corrosion.

Sometimes the ecological materials, especially
hydrogen sulphide, formed at a suitable site are res
ponsible for corrosion at other sites. The corrosion
of fuel pumps of piston driven and jet aircrafts by
the fuel contaminated with hydrogen sulphide pro
duced by bacteria in water bottoms of bulk storage
tanks67 has been reported.

Detection of Corrosive Locations

As the sulphate reducing bacteria are present nearly
in all natural water and soils, demonstration merely

of their presence is not sufficient in deciding their
potential corrosive action. It is essential to show
that they are present in adequate numbers. Because
of their exacting anaerobic character and similarity
with some other bacteria which produce hydrogen
sulphide from organic sulphur compounds, their
enumeration has been difficult. These difficulties
have been largely overcome68. The media with their
redox potential suitably adjust~d with cysteine69,
metal ions70, and ascorbates and thioglycollates71
have provided a valid procedure to obtain the colony
counts or dilution counts. Such procedures provide
a quantitative assessment of their ecology in relation
to corrosion. Ecological surveys of several locations
such as marine and esturine environments·6,72, pollut
ed water73, clays68 and lakes·4,o. have been done. A
counting procedure using membrane filters has also
been described74. It seems probable that both the
number of bacteria and the suitability of environ
ment for their multiplication may be important
factors for evolving a suitable index of corrosive
activity7•.

The detection and determination of the approxi
mate density of bacterial population at any site
can be performed by noting the time that elapses
when 1 per cent aqueous soil suspension or diluted
solution added to a specified sterilized aqueous
medium kept at 30°e. becomes black76.

The soil redox potential measures the reducing
intensity of the soil and hence provides a good mea
sure of their bacterial corrosiveness·s,77,78. Very
low values of the redox potential indicate the danger
of bacterial corrosion. Any neutral soil having
redox potential below 200 mY. should be regarded
as aggressive and soils having below 100 mY. as
severely aggressive. A redox probe suitable for
field use has been described 79 . It is an extremely
useful tool for detecting the locations where all
the conditions necessary for the growth of bacteria
are present. Hence it can qualitatively measure
the severity of the tendency of bacterial corrosion
in soils.

The activity of bacteria with respect to the corro
sion of iron can also be measured by iron electrode
potentialsD..It has been found that the poten
tial of a ferrous electrode during bacterial growth
is -52 mY. with reference to the potential of a
similar electrode in a sterile medium. In water
systems bacterial corrosiveness can be judged by
keeping corrosion coupons. A highly sensitive yet·
simple technique for measurement of rates of anaero
bic corrosion has been described81.

Mechanism of the Corrosion Reaction

Several mechanisms have been proposed for the
corrosion caused by the sulphate reducing bacteria.
It is expected that the total corrosion is the net
result of the reactions following several mechanisms.
The relative importance of each mechanism depends
upon several factors depending upon the nature of
soil or water, metal and bacterial flora.

Cathodic depolarization - This theory is based on
the observation that the cultures of bacteria cause
corrosion without hydrogen evolution and that the
corrosion products are the mixtures of oxide and
sulphide82. According to this theory, the initial

,.l81



J. SCI. INDUSTR. RES., VOL. 23, SEPTEMBER 1964

reaction of iron placed in aqueous environment is
as follows:

HOH .=H++OW
Fe+2H+ ---i>- Fe2++2H

After an initial attack a protective film of elemental
hydrogen surrounds the cathodic regions and further
corrosion is stifled normally. But if bacteria are
present, they utilize the hydrogen film to reduce
sulphate.

SOi-+8H --+ S2-+4H20,
Thus, the cathodic polarization by hydrogen vanishes
and the corrosion of iron proceeds on. The final
corrosion products are formed as follows:

Fe2++S2- --+ FeS
Fe2++20H- --+ Fe(OH)2

The overall reaction is represented by

4Fe+2HOH+H2SO, --+ 3Fe(OH)2+FeS

The evidences in favour of this mechanism have
been summarized by Starkey83.

The analyses of the corrosion products obtained
from the field as well as from laboratory experiments
confirm this mechanism. The ratio of the oxides
and the sulphide in the. corrosion products range
between 2·4: 1 and 3·4: 1, while theoretically the
ratio ought to be 3: 1 (ref. 82).

D. desulphuricans possesses a hydrogenase system
which is capable of utilizing elemental hydrogen and
depolarizing cathodes18. The activity of this enzyme
system has been measured in terms of hydrogen ab
sorption coefficient expressed in terms of millilitres
of hydrogen absorbed per milligram dry weight of a
suspension of resting bacterial cells per hour. In
the case of fresh water strains of D. sulphuricans 
Llanelly, Hiddenborough, Teddington R, America
and Benghazi - a linear relationship between the
rate of corrosion and hydrogen absorption coefficient
has been observed8'. This indicates that the corro
sion due to these strains proceeds principally by the
cathodic depolarization mechanism. It has been
observed that bacterial depolarization of steel
cathodes can result in a 200-fold increase in galvanic
current85•

The study of the electrode behaviour in contact
with bacteria provides a further confirmation of .
this mechanism86• The potential behaviour of the
steel electrodes dipped in a culture solution before,
during and after the inoculation and growth of
bacteria are practically reproducible. Prior to the
inoculation the potential remains constant. This
potential is the function of the pH (7'1) of the culture
solution. After inoculation, the potential rapidly
falls down by about 0·06 V. during a period of about
350 hr or less. In this period the polarizing hydrogen
is consumed by the active bacteria and theiron dis
solves in the form of ferrous ions. After reaching
a minimum, the potential abruptly increases by
about 0·16 V. During this period (c. 1000 hr) the
bacterial activity is expected to be negligible and
polarization due to the corrosion products sets in.
Finally the potential constituted by Fe/FeS/electrode
is attained. This potential then remains constant.
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The participation of bacterial cells in the corro
sion reaction during this final phase is doubtful.
These observations have been confirmed by a number
of workers87-89 • In the presence of bacterial inhibi
tors such as proflavine or chromate such a pheno
menon of potential variation does not occur68.

Anodic stimulation - Wanklyn and Spruit90 pro
posed that the acceleration of corrosion due to the
sulphate reducing bacteria is due to anodic stimula
tion rather than cathodic depolarization. The
S2- formed at the end of bacterial' metabolism
stimulates the anodic process by combining with
the accumulated Fe2+. The rate of replenishment
of Fe2+ increases in order to maintain the electro
chemical equilibrium. Consequently, the corrosion
rate is enhanced.

Fe2++S2- --+ FeS

This mechanism is also supported by several obser
vations.

Under autotrophic conditions, only a part of hydro
gen liberated as a result of the corrosion of iron
by bacteria is utilized for sulphate reduction.
Under such conditions the bacteria exert little in
fluence on the electrode potential. In these experi
ments of short duration the ratios of the oxide and
sulphide have not been found in accordance with the
cathodic depolarization mechanismoo,91. The species
D. orientis and Cl. nigrificans do not contain the
hydrogenase enzyme system, hence theoretically
both are incapable of acting as a depolarizing cathode.
The corrosion due to these species can proceed almost
entirely due to anodic stimulation.

By studying the potential behaviour of mild steel
electrodes placed in media containing actively growing
cultures of different species of bacteria, it has been
concluded that both the mechanisms contribute to
the corrosion88 and at any time the relative import
ance of the two depends upon time, pH, activity and
solubilities of corrosion products, bacterial flora and
the phase of their growth92,93. The corrosion due f

to D. desulphuricans proceeds through both the
mechanisms in which cathodic depolarization is more
important.

Anodic stimulation by any species of bacteria
occurs mainly during early period of the corrosion
as the adherent film of ferrous sulphide formed on the
metal surface partially protects it from further action
by anodic stimulation. In inoculated media, the
formation of ferrous sulphide in a compact inhibitory
form on the metal surface takes about a week to
develop at 30°C. with active cultures of D. desulphu
ricans and D. orientis. In the case of Ct. negrificans
at 55°C. the film formation begins within a day75.

Hence it has been observed that those species of
bacteria participate which in cathodic depolarization
are capable of inducing greater rate of corrosion than
those participating only in anodic stimulation8'.

Electrochemical cell action - Oxygen concentration
cellij, having ferrous sulphide and iron electrodes also
contribute to the total corrosion by bacteria9'.

Strongly anodic areas are developed by the accumu
lation of ferrous sulphide which produces low redox
potentials. Consequently, the concentration of oxy
gen in such an environment is much reduced. If
such area is coupled with a similar metal without'
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ferrous sulphide accumulation and exposed to an
environment having greater oxygen concentration,
an oxygen concentration cell is established and the
corrosion at the anodic areas is enhanced. At the
beginning of bqcterial corrosion, the oxygen concen
tration cell action will not be important. It is
suggested that the corrosion in partly anaerobic en
vironments may be enhanced by this mechanism96.
It has been observed that because of the activity of
bacteria in natural waters, gun metal may become
anodic to steel98. This effect is expected to contri
bute to the corrosion of ship propellers.

Chemical action of ecological materials - The follow
ing materials formed as metabolites or their deri
vatives or corrosion products have been reported to
enhance the rate of corrosion.

Hydrogen sulphide: The very first suggestion
regarding the mechanism of corrosion by bac
teria was that aqueous hydrogen sulphide exerts
a major corrosive influence9? But the idea was
abandoned with the observation that such bacterial
corrosion proceeds without evolution of hydrogen
and a mixture of oxide and sulphide is obtained as a
corrosion product. Moreover, it is expected that
aqueous hydrogen sulphide must also be exerting
some corrosive action98. The electrochemical mecha
nism99 of. corrosion by hydrogen sulphide is described
in terms of iron and hydrogen electrodes, dissociation
constant of hydrogen sulphide and the solubility of
ferrous sulphide. The driving voltage of the corro
sion reaction depends mainly on the activity of
hydrogen sulphide in the solution and partial pres
sure of molecular hydrogen. The corrosive action of
hydrogen sulphide sharply drops at pH 7.

One effect of hydrogen sulphide on the corrosion
process is the production of strongly reducing anodic
areas which result in the establishment of oxygen
concentration cell action49 and better conditions for
the growth of bacteria.

Sulphur: Elemental sulphur, formed by the chemi
calor biochemical oxidation of hydrogen sulphide
or metal sulphide, is sometimes found to be present
in environments where bacterial corrosion occurs.
Hence the possibility of the enhancement of the
corrosion of ferrous structures by solid sulphur
has been investigated1oo,lOl. It has been found
that the ferrous metals are rapidly corroded by
aqueous suspension of sulphur. Elemental sulphur
dispersed in a 5 per cent suspension of bentonite is
capable of etching steel uniformly at a rate greater
than the action by 3 per cent hydrochloric acid.
Sulphur stimulates' the corrosion process by reducing
cathodic polarization and permitting a greater rate
of corrosion at a relatively positive potential. Sul
phur depolarizes the cathode in a way similar to
oxygen. As sulphur is present on the spot in a solid
form, the rate of action is not limited by the rate of
replenishment. The combined action of bacteria and
sulphur has been suggested100 to be responsible for
some of the cases of accelerated corrosion, which
occur in intermittently anaerobic conditions102.

Iron compounds: Ferric sulphide, ferrous sulphate
and hydrated ferric oxides formed by the oxidation
of the corrosion products during anaerobic period
may also exert corrosive influence on the
metal1oo.

Salient Features of Bacterial Corrosion

The relative importance of the species for corrosive
action - D. desulphuricans is responsible for the
widespread occurrence of bacterial corrosion at
various locations. D. aesturii causes corrosion in
marine environments and brackish waters. Only a
few authentic cases of corrosion by Cl. nigrificans
are known13,103. Field corrosion by other species
including D. orientis has not been reported.

Active period of bacterial life for corrosive action 
The activity of D~ desulphuricans incubated at 30°C.
is reduced after 5 days and almost ceases after 10
days. It has been found that 6-day-old culture of
D. desulphuricans possesses corrosive action on zinc,
but 25- to 30-day-old one has none104. The electrode
behaviour of steel in contact with D. des·ulphuricans
shows that the activity declines in c. 15 days88-88.
Hence, it has been assumed that within c. 30 days
all strains of bacteria would cross the period of
maximum growt.h and activity, and reach the in
active stage. This view has been substantiated by
the fact that the maximum rate of corrosion found
in laboratory is much less than the rat.e somet.imes
observed under field conditions. In batch culture
condit.ions, the organism may be highly active only
for part of the total period, while in t.he field a
constant supply of nutrients may be available and
thus bacteria are continuously maintained in a high
state of activity.

Association with other corrosion-causing microorgan
isms - The sulphate redllcing bacteria are mostly
and independently responsible for the corrosion at
various locations. But under suitable set of condi
tions they are found t.o be associated with other corro
sion-causing microorganisms. Sometimes under the
joint presence of the sulphate reducing bacteria and
other -corrosion-causing microorganisms, synergism
of .the corrosion process or symbiosis or parasite-host
relationship occurs. The ot.her corrosion-causing
microorganisms associated with the sulphate reducing
bacteria at suitable locations are:

Sulphide oxidizing bacteria: They are usually
found where sulphide is being continuously reple
nished. The coloured sulphide oxidizing bacteria
being phototrophs and anaerobes are invariably
found associated with t.he sulphate reducing bacteria

-in muds or waters. The colourless sulphide oxidizing
bacteria being aerobic are found commonly at sites
where hydrogen sulphide formed by the sulphate
reducing bacteria is exposed to aerobic conditions29.

Sulphur oxidizing bacteria: At. locations such as
incompletely filled sewers, aerob:,c conditions are
maintained in the vicinity of some anaerobic centre
of growt.h of sulphate reducing bacteria. Hydro
gen sulphide produced at the anaerobic centre,
on entering t.he aerobic zone, is utilized by the
sulphur oxidizing bacteria to produce sulphuric acid.
The end product of t.he met.abolism of one bacteria
is the initial required compound for the metabolism
of the other. Such locations are responsible fOf heavy
corrosion29. Digging and backfilling causes the
sulphate reducing bacteria t.o be dist.ribut.ed t.hrough
out the surrounding areas, The lower part of the
backfill is usually porous. Hence aerobic micro
organisms may develop at such locations105. ;;,
\
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Iron organisms: Tubercles are found inside the
water bearing pipe walls and water mains by the
action of the iron organisms. The environment

.between these tubercles and the metal becomes
anaerobic and the sulphate reducing bacteria also
flourish and the corrosion of metal continues108.

Methane bacteria: In the soils near manure heaps
and the environments contaminated by offal, sewage
and other organic wastes, the sulphate reducing
bacteria are associated with the methane bacteria.
Such soils are severely corrosive107•

Cellulose degrading organisms: In the presence of
cellulose materials under anaerobic conditions, heavy
corrosion by sulphate reducing bacteria along with
the destruction of the cellulosic materials has been
observed. It is suggested that the rate of corrosion
is promoted by some kind of synergism between the
two bacteria108. The biological degradation of cellu
lose provides an important source of nutrients for
bacteria.

Miscellaneous microorganisms: A wide variety
of microorganisms such as myxobacteria, fungi,
algae, protozoa, etc., are capable of establishing a
microbiological film on the metals. This induces
anaerobiosis on the metal surface and the sulphate
reducing bacteria flourish below these films and
bacterial corrosion is initiated.

Corrodible metals - The corrosion of ferrous metals
by bacteria is a widespread phenomenon. But the
corrosion of other metals by bacteria is economi
cally. much less important. If lead or ,copper, is in
contact with a less electronegative material, such as
carbon; its corrosion ·is accelerated by bacteria10Il.
The corrosion of brass in laboratory with creek water
has been found to be less than in actual creek
exposure. This indicates that microbiological factors
contribute to the corrosion of brass52• Though
zinc is somewhat inhibitory to the growth of
bacteria, it also suffers corrosion by sulphate reducing
bacteria104,l1o. The corrosion of zinc by D. desulphu
ricans is localized in the zone where air-liquid inter
face and hydrogen sulphide are in contact with the
metaPl1. The bacteria enhance corrosion of zinc
but sometimes Zn2+ or some corrosion product induces
inhibitory action, when the corrosion is slowed down.
Similar tests on other metals confirm the results
obtained with zinc and have shown the importance
of oligodynamic action of metals in bacterial corro
sionll2. Lead and iron in zinc plates are corroded
prior to zinc by D. desulphuricansll • The effect of
bacteria on aluminium has also been studied.
The results, though inconclusive, indicate the absence
of a significant influence of the common species of
bacteria on the corrosion of aluminiuml13,

Forms oj corrosion -Corrosion by bacteria pro
ceeds as pitting rather than in the form of even
penetration25• Hence buried pipes tend to perforate
rather than deteriorate uniformly. The rate of
pitting has been found to increase with time. Hence
the process appears to be autocatalytic114.

The differential aeration cell- mechanism is only
partly responsible for the pitting action. But the
major role for pitting action is played by the micro
biological anaerobic corrosion process. 'Even in very
aerobic soils, bacteria are found to be present in
pits. In the backfill of the pipes, the organic deb~s
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may also get included at several points. The micro
bial decomposition of cellulosic materials provides the
organic nutrients for' the sulphate reducing bacteria
which in tum suppress the oxygen concentration
at such points. Consequently, bacteria develop at
these points and localized corrosion ensues. Such
a corrosion reaction proceeds by the anodic stimula
tion mechanism, as under aerobic conditions the
bulk of the corrosion reaction proceeds by the main
tenance of the anaerobic conditions and low film
resistance of the anodic regions. Such a pheno
menon commonly occurs in clay and boggy soils where
oxygen concentration or some other factors prevent
the large-scale growth of bacteria throughout the
environment.

In the case of cast iron corrosion by bacteria
is less obvious as the high concentration of gra
phite holds the corrosion products intact. Thus a
soft layer of corrosion products containing various
iron compounds, unchanged metallic iron ,and graphite
is obtained. This is termed graphitization and
usually occurs in the case of corrosion of cast iron
by bacteria. The rate of bacterial corrosion of cast
iron is generally less than that of steel.

Rate oj penetration oj corrosion - Because of a
variety of conditions controlling the rate of cor
rosion of iron by bacteria, no standard rate of
penetration of corrosion is possible. However, some
important examples can be cited. A steel main
1 cm. thick is reported to have been perforated in
9 yearsl15; a gas and water main 1·3 cm. thick in 8
years30 ; and a piling 1·5 cm. thick immersed in marine
mud in 12 years118. In the case of pipes, whose
walls bear more pressure on one side, perforation will
always occur before complete piercing by corrosion.
In laboratory experiments maximum corrosion rate
of steel coupons by bacteria has been found to
be 0·000+ cm. per year117•

Optional corrosiveness oj bacteria under specific
condition - Whenever bacteria are present through
out the surrounding area of a subterranean metal
structure, severe corrosion does not necessarily
occurll4. At such regions active bacteria may be
present at any part of the soil even in close vici
nity of the metal. Very active cultures of bacteria
have been isolated from such locations. It is
probable that if the ferrous structure is buried
in an environment where intense bacterial activity
is present, the total surface of the metal reacts
superficially and becomes cathodic. Hence, severe
corrosion at such locations is occasionally absent.

Alternation oj anaerobiosis - Cases of severe corro
sion have been found at locations which are alternately
anaerobic and aerobic. The alternation is usually
caused by a change in the level of water table. The
sulphides formed during anaerobic period are chemi
cally or biochemically oxidized to sulphur, sulphuric
acid, 5ulphates or ferric salts. All these are corrosive
to ferrous materials2l1,loo.

Presence oj FeH itt the medium -The presence
of Fe2+ in the environmental water markedly in
creases the rate of corrosion of iron' by bacteria118.

In the medium containing no Fe2+, the- corrosion
product is found to be hard, crystalline and adherent.
But in the presence of Fe2+, the corrosion product
is found to be loose, porous and flocculent. Thus,
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Fe2+ content in soil or water exerts a pronounced
influence on the rate of corrosion of immersed
or buried metal structures.

Effect of anchorage - The bacteria are motile, but
their growth and. activity are limited by their ten
dency to settle on solid surfaces. They thrive best at
solid-liquid interface84. Hence the nature ofthemetal
surface may influence the development of the attached
bacteria and thus affect the rate of the resulting
corrosion108. The presence of inert anchorages like
bentonite in culture medium does not influence the
rate of corrosion of steel84. The bacteria have the
tendency to concentrate in the corrosion products.
It is likely that corrosion causes the bacteria to
collect and multiply119, hence bacterial corrosion for
a certain part of its period may have some auto
catalytic tendency.

Effect of galvanic current - The activity of bac
teria is doubled if galvanic current flows through
the soil in which they propagate. There is a mutual
influence between the intensity of bacterial activity
and corrosive attack occurring by galvanic currents
flowing 'between the subterranean metals. Hence
bacteria present in soil may annul the cathodic
protection12o.

Protection against Bacterial Corrosion
A number of methods are available for protecting

metals against bacterial corrosion. These methods
are based on establishment of a physical barrier be
tween the metal surface and bacteria, introduction
of antibacterial physico-chemical conditions around
a metal structure, and cathodic protection or the
application of antibacterial chemical agents. In
the case of permanent subterranean metal structures,
a combination of good covering and cathodic protec
tion is the best procedure6'.

Treatment of the metal surface - Whenever bare
metal is exposed to soil or water environments, a
potential hazard for corrosion due to bacterial or
electrochemical cause always exists. This can be
eliminated by a protective covering which will pre
vent direct contact of the metal surface and the
corrosive agency. Such protective coverings have
been successfully employed for the simultaneous
protection of metals against chemical and bacterial
corrosion. Sometimes bacterial inhibitors like
strontium selenate!3 and tannin1'1 have also been
incorporated in the coating materials in order
to make them more resistant to bacterial
attack.

In the case of the metal structures buried for
indefinite periods, sacrificial and cathodic coatings
of metals like zinc and lead are of little value. Hence
for all such purposes insulating coverings have been
employed. The important criteria for the coverings
of underground and under,water metal structures
are: (i) ease and economy in application, (ii) good
adhesion, (iii) good resistance to mechanical damage
before and after laying, (iv) good resistance to the
environmental chemicals, (v) good resistance against
the microbiological flora present in the environment,
(vi) good non-ageing property in the pref.ent en
vironment, (vii) high electrical resistance, (viii) low
absorption of water, (ix) stability in a wide range of
temperature, and (x) low cost.

In the case of such structures the coatings are
based primarily on bituminous materials like tar,
pitch, bitumen and asphalt122-'6. It has been ob
served that tars possess better qualities like good
adhesion but they are more brittle than bitumens126•

Blown bitumen has enhanced softening point and
greater resistance against penetration. Hence it is
widely favoured. Natural bitumens or asphalts have
very high softening points and very good resistance
against penetration126• Simple coatings of these'
materials are not obtained thick and robust. Hence
the protection offered by them is of limited value.
Addition of fillers like powdered slate, asbestos,
pumice, kieselguhr, mica, limestone, talc and other
minerals6',127 improves the qualities of the coating.
Their applications in corrosion prevention have been
described in detail!'8.

Almost all the criteria of the coating are satisfied
to a good extent by the application of bituminous
enamels mixed with inert fillers reinforced with inert
inner and outer wraps129. The inner wrap provides
internal reinforcement of the enamel and the outer
wr;;tp, resistance against mechanical damage.
Unfilled bituminous materials are not recommended.
Woven glass cloth, bonded glass fibre mats130 and
asbestos cloth131 have been employed as inner wraps.
Borosilicate glass gives the best performance as it
is not affected by wet and alkaline conditions, which
may develop through the application of cathodic
protection. The inner wrap should have good poro
sity and tensile strength. It should always be well
impregnated with the coating material. Phenol
formaldehyde resins have been employed as bonding
materials for glass fibre mats. The outer wrap of
non-woven bonded glass mat or asbestos cloth is pre
impregnated with bituminous materials. To resist
the bacterial attack a total covering at least I em.
thick has been recommended13,,133. Wraps of hessian
or other cellulosic fibres are subject to microbio
logical degradation which provides the nutrients for
the sulphate reducing bacteria. Hence such wraps
are not recommended. The application of plastic
bandages is becoming increasingly common134. Poly
vinyl chloride and polyisobutylene on bitumen rubber
mastic are good coating materials135.

Several other techniques of protective coverings
have been developed13'. Laboratory tests alone do
not yield a correct index of the efficacy of the cover
ings13,,!38; they have to be supplemented with actual
field tests.

Protective tapes have also been employed for pro
tecting the underlying metal structures against
corrosion139-41 . A woven fabric like cotton, jute, nylon
or glass fibre cloth is employed as a base. PolythenI'

and polyvinyl chloride, epoxy resins and epoxy bitu
minous combinations have been found to be the best
base materials. The coating compounds are mixtures
constituted by (i) petroleum jelly or recovered wool
grease, blown bituminous material which may be
treated with a synthetic rubber or resin or coal
powder, and (ii) natural or synthetic rubber and
resins.

In the case of rubber compounds, fillers, stabilizers
and antioxidants are also introduced. Special cor
rosion inhibitors such as phosphates, chromates
and tannins are also incorporated in the coating
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compounds. Self-adhesive polyvinyl chloride tapes
have marked resistance against bacterial and electro
chemical corrosion.

A novel procedure of electric shock treatment for
barges has been developed for reducing corrosion due
to bacteria142.

Area surrounding a corrosion site and its treatment
Mitigation of bacterial corrosion has been affected
by the artificially prepared non-aggressive surround
ing area or treatment of the natural environment.
In aggressive soils the buried metal structures can
be protected by c. 20 cm. surrounding layer of chalk,
gravel or sand. Bacterial corrosion of oil well casing
is prevented by filling the annulus outside the casing
with free silica (180-200 mesh) or some silica-containing
mixtures143. This ensures aerobiosis in the vicinity
of the structure. One essential condition for the
success of this procedure is that the system must
not become waterlogged. In adopting such a proce
dure for protection, stabilization of soil should be
done, otherwise the structure will always remain
in a moisture laden bed, particularly because of the
accumulation of water from the surroundings due to
electro-osmosis effect in cathodic protection.

Tightly packed heavy clay or loam around under
ground structures has also been recommendedlu.
Such a pack is highly impervious and curtails the
movement of water, bacteria and organic nutrients
in the immediate neighbourhood of the structure.
Consequently, active cultures of bacteria and their
metabolites remain out of contact with the metal
and bacterial corrosion is avoided. If such area is
in contact with an area not so well surrounded by
clay, it behaves as anode and the anodic dissolution
occurs via differential aeration cell mechanism.

A concrete lining capable of increasing the pH of
the surrounding area is also effective in protecting
metal structures against bacterial corrosionUli. Bac
terial corrosion of well casings have been prevented
by using high pH drilling fluids58,80. Pipelines have
also been protected by using lime as alkalizer148.
Backfills consisting of intimate mixtures of alkaline
earth oxides and alkali carbonates with bentonite,
gypsum, Texas clay or moulding plaster which may
contain some sand have been employed as protective
coverings147•

As decaying organic matter provides the nutrients
for the growth of bacteria, precaution should always
be taken during burial programme that the organic
matter in contact or near the vicinity of the metal
structure should be minimum. Though this pre
caution is not a preventive step, it definitely reduces
the hazards of corrosion by bacteria28,t48.

The control of the growth of bacteria in aqueous
systems such as polluted pools, stagnant streams, flood
waters of oil wells and flooded clay quarries has been
affected by the addition of sulphuric or hydrochloric
acid to lower the pH below 5 (ref. 149, 150).

Cathodic protection.- As corrosion. by bacteria
mostly follows the cathodic depolarization or electro
chem,ical mechanism, the cathodic protection should
be quite feasible. For economic and technical reasons
cathodic protection is always employed in conjunction
with protective coverings. One of the mechanisms
by which cathodic protection of the underlying
structure is effected is by enhancing the pH of the
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immediate neighbourhood, thereby reducing bacterial
growth. Though opinions regarding the effectiveness
of cathodic protection differ, it has been recommended
by a number of workersl5l-54. Field and laboratory
experiments on the effect of bacteria on offshore
metal structures in sea-water testify to the efficacy
of cathodic protection1l7.

In the presence of bacteria a more negative poten
tial than under sterile conditions is required for
cathodic protection. For the protection of ferrous
metal in sterile neutral soil or water a potential of
-0,80 to -0,85 V. measured with respect to the
Cu/CuS04.5H20 (saturated) electrode or -0·53 to
-0,58 V. on the hydrogen scale is required. In the
presence of bacteria further depression of voltage
to -0·95 to -1·05 with respect to the •saturated
copper sulphate electrode' is considered to afford
good protection153,16H9. The current required is
of the order of 10-160 ma./sq. m. ofthe bare surface.
Usually, current ranging from 30 to 65 ma./sq. m.
is employed. The development and maintenance
of high pH around an anodic structure prevents
the bacteria coming into contact with the hydro
gen charged metal. At some locations, the potential
needs to be depressed considerably for complete
protection as the usually acceptable potential required
for cathodic protection is insufficient when active
sulphate reduction is taking place160.

In soils of low resistivity, the use of expendable
magnesium, zinc and aluminium or their alloys is
satisfactory. To protect large bare areas of metals,
the application of direct current fed from transformer
rectifiers is more economical.

For the protection of steel structures, sometimes
swing criterion is employed. Under aerobic condi
tions, the metal structure is made -300 mY. with
reference to its natural potential, but under anaerobic
conditions the swing criterion becomes -400 mY.
(ref. 161).

Chemical inhibition of bacteria - Several chemicals
have been found to exert bacteriostatic or bacteri
cidal activity against bacteria. Some of them have
been employed in metal coverings or for inhibition
of bacterial growth near metal structures or by
some other indirect means to reduce bacterial corro
sion. A few of the chemicals have been employed
to check up the growth and activity of bacteria
involved in some other economic phenomena.' The
various antibacterial agents are described below:

Halogenated hydrocarbons: Monochlorobutene162,

trichlorobutaneu and l,2-dichlorobenzene163 have
been found to be effective against bacteria.

Aldehyde: Formaldehyde162,m is a very effective
inhibitor. It inhibits bacterial growth at a concen
tration of 0·1 g./litre166•

Acetone162 and ethanolu are ineffective.
Chlorine: In laboratQry experiments a saturated

solution of chlorine is found to be ineffective in con
trolling the growth of bacteria162. However, success
ful application of chlorine for reducing bacterial
activity and corrosion in aqueous systems has been
reported186-69. A minimum concentration of 0·1-1·0
p.p.m. of chlorine must be maintained to inhibit
the activity of bacteria.' All types of organisms
causing aerobic and anaerobic fouling, followed
by the corrosion of metals, can be eliminated by
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chlorination past the breakpoint17o ,17l. Hence chlori
nation can eliminate the possible sites for the de-
velopment of bacteria. .

Sulphur and its derivatives: Free sulphur, rubber
containing sulphur and sulphocyanides have been
reported to greatly inhibit the growth of bacteria.
Their effect is bacteriostaticu .

Some sulphate analogues: Selenate and monofluoro
phosphate competitively inhibit the growth and
sulphate reduction process of bacterial cellsl72. High
concentration of perchlorate depresses the sulphate
reduction process in a non-competitive way173.

Tellurite and tellurate: Potassium tellurite (1
p.p.m.) inhibits the growth of bacteria in the absence
of ferrous salts. But if 60 p.p.m. ferrous ions are
present, 100 p.p.m. concentration of tellurite is
required. Such adverse effects of ferrous ions on
some other inhibitors are also known13. This effect
has been explained in terms of the requirement of
low redox potential'9. Tellurates are non-competi
tive inhibitors174 .

Chromate: The chromate ion is a powerful inhibitor
of the growth of bacteria88 ,176,17I. It is effective
even at the concentration of 2 p.p.m. It has been
successfully employed for the prevention of corrosion
and pollution in gas and petroleum storage tanks.
Potassium dichromate13, sodium dichromate and zinc
chromatel77 have been used as inhibitors. A mixture
of- sodium dichromate and chloramine' reduces steel
corrosion by 50 per cent and zinc corrosion by 80
per cent and meets the standard for the control of
bacteria in water178. A mixture of sodium dichromate
(50 p.p.m.) and sodium carbonate (400-500 p.p.m.)
limits bacterial corrosion179. This ion is ineffective
against aerobic bacteria associated with pollution.

Metal ions: Zinc chloride in small concentration has
been found to be the most economic and effective
remedy for checking bacterial corrosion of certain
plant coolers65. Copper and cadmium salts have also
been found to inhibit bacterial growth98.

Mercurials: Phenyl mercuric lactate has been found
to be very effective .against bacterial6l. Hydrogen
sulphide produced by bacteria reduces the inhibitory
action of the mercurials180..

Phenols: A few strains of bacteria have been
found to grow even in 1 per cent Fhenol13. But
phenol and cresols have been found to inhibit the
growth of these bacteria in natural waters182. Chloro
phenols such as trio, tetra- and pentachlorophenols
are employed as bacterial inhibitors at a concentra
tion of 50-100 p.p.m.181 . 2-Nitrophenol and 2,4
dinitrophenol have been found to be promising
inhibitors182.

Nitrate and nitro compounds: The activity of
bacteria can be controlled by nitrates183,181 and nitro
compounds185. Nitrates have been employed in the
prevention of corrosion in sewage systems188.

Quaternary ammonium salts: Such salts of high
molecular weights13 ,187-89, specially lauryl pyridinium
chloridell2, cetyl pyridinium bromide13 and trimethyl
alkyl ammonium bromides190 are effective inhibitors.
They are effective at great dilutions and are most
effective in air-free waters. The quaternary ammo
nium compounds of alkyl amines prevent pore plug
ging187. Excellent synergistic effects are obtained
when a quaternary amine is used in conjugation

with 110 chlorhexidene. Condensed amino substituted
alkene oxides are also good inhibitors.

Arsenicals: The growth of bacteria can be checked
by the application of arsenicals at a concentration
of 50-tOO p.p.m.

Tannates: Immunity of some archaeological speci
mens of ferrous and other metals against bacterial
corrosion in soils has been attributed to the tan
nates present in the soijl58. The tannates have been
considered to be bactericidal agentsH6, but recent
studies indicate that the tannates inhibit the growth
of bacterja merely by' lowering the pH of the sur
rounding area8l• The bacteria are not rendered
inactive unless the concentration of tannin is about
5 per cent191.

Antibiotics: A natural substance toxic to bacteria
has been discovered192 in the silt of the sites where
tannins had remarkably preserved archaeological
metal specimens. It is effective even at the concen
tration of I p.p.m. Infrared spectroscopy has shown
that an antibiotic produced by a specific mold is very
similar to this material.

Acridine dyes: A number of dyestuffs have been
examined for their inhibitory action on bacteria193.

Flavine type of dyes, particularly proflavine (2,8
diaminoacridine) and acriflavine (1: 2 mixture of acid
hydrochloride of proflavine and 2,8-diamino-tO
methyl acridinium chloride), at a concentration of
4 p.p.m. prevent the growth of bacteria88 ,19I,19s.
Dye' 914', a member of the acridine series, has been
found to be cheapest effective dye. It has been em
ployed at a concentration of 4 p.p.m. In laboratory
experiments it has been observed that the bacteria
readily acquire resistance against this dye191, but no
such difficulty has been encountered in its field
application.
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QUANTUM THEORY OF SOLIDS by C. Kittel (John
Wiley & Sons Inc., New York, London), 1963.
Pp. xi+435. Price $ 13.50

This book by Prof. C. Kittel is a very welcome and
timely addition to the current literature 011 theory of
solids. The rate at which the new experimental facts
have been discovered during the past decade or so
has been very fast. This has led to greater and
greater demand on theory to explain these experi
mental findings in the various aspects of solid state
physics. Most of the recent theoretical work has
been either confined to the original articles in various
journals or is available in the form of review articles.
Prof. Kittel has now made this material available in
the form of a text-book meant for advanced students
and research workers in theory of solids. The
younger generation will have a lot to benefit from
this book.

The author has used the quantum field theory to
discuss various topics. He has explained in a lucid
way the various elementary excitations in solids such
as phonons, magnons, plasmons, polarons, excitons
and electrons and holes and interactions among them.
The Hartree-Fock method of treating electron
electron interaction has been discussed and then the
same problem has been discussed using the many-body
techniques.

The- author has incorporated in the text most of the
new theoretical developments in the understanding
of the various properties of normal metals, semi
conductors, insulators, superconductors, magnetic
materials and alloys. The methods of finding the
electronic eI1ergy states of solids have been given and
it has been indicated how a large number of workers,
specially at MIT, GE Research Laboratory, Univer
sity of Chicago and Cambridge University have suc
ceeded in doing very precise energy band calculations.
This has led to the possibility of an accurate theoreti
cal determination of the Fermi surface of metals.
Such calculations have become very meaningful on
account of the possibility of experimental determina
tion of the Fermi surface using the experiments on
cyclotron resonance, magnetoresistance, de Haas-van
Alphon effect, anomalous skin effect and the magneto- .
acoustic effect. The energy band structure of semi
conductors, the impurity levels in them and the
Landau levels have been discussed. The magneto
plasma modes of propagation of electromagnetic
waves in metals, called helicons and predicted by
Aigrain, have also been discussed.

The use of correlation functions in the study of
neutron diffraction and the theory of recoilless
'Y-emission from radioactive atoms embedded in a
solid have been ·given. The use of Green's function
method in the study of various problems in the theory
of solids, which is of great interest these days, has
also been added. A chapter on the theory of alloys
which is still in an early stage of development has
been given. The topics which the author did not
include due to lack of space have been indicated in the
preface. Finally, the book contains a good number
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of problems, as required by a text-book, at the end
of each chapter which the readers can attempt to solve
to get a clearer understanding of the subject.

The book is thus well suited to the needs of advanced
students and research workers who want to equip
themselves with material beyond that available in
the introductory text-bo~ks on solid state physics.
There is, of course, no doubt that for a detailed and
deeper understanding of any topic developed in the
book one will have to study the review articles and
original papers. There is a little more emphasis in
this book on new mathematical techniques and so it
will be very fruitful if this book is read together with
the book with similar title by Peierls or any other
book with greater emphasis on physics.

R. P. SINGH

THE BENDING AND STRETCHING OF PLATES by E. H.
Mansfield (Pergamon 'Press Ltd, Oxford), 1964.
Pp. xi+148. Price 455.

This monograph by one of the active workers in the .
field presents a unified and up-to-date exposition of
small and large deflexion plate theory. The book is
divided into nine chapters. The first two chapters
deal with the derivation of the basic differential
equations governing deflexion and vibration of a
plate, and the methods of solution of the small
deflexion equations for rectangular plates of constant
thickness: Chapter 3 deals with the transforma
tion of the differential equation to polar coordinates
and the author here discusses plates of constant thick
ness whose boundaries are circular or sector shaped,
elliptical or triangular. One of the most elegant and
fruitful methods of analysis of the biharmonic equa
tions, developed and extensively applied by the
Russian mathematicians, is concerned with the use of
complex coordinates, and in Chapter 4 the author
treats plates whose boundaries are amenable to
conformal transformation. The sixth chapter gives an
account of the variational method, which is a powerful
technique for solving problems that refuse to submit
to exact analysis. .

Part II of the book is a survey of the large deflexion
theory. This differs from small deflexion theory by
the fact that the middle surface stresses, arising from
the straining of the middle surface, are taken into
account. The eighth chapter is a review of the large
deflexion behaviour of plates of constant' thickness,
when the loading is either uniform or compressive.
While the exact large deflexion analysis of plates
generally is formidable mathematically, there are a
class of plate problems, known as the asymptotic
theories, for which simplified theories are available
and the book concludes with an account of the
membrane theory and the inextensible theory.

A notable omission which strikes even a casual
reader is the absence of any attempt to discuss nume
rical methods, which are finding ever increasing
applications nowadays, thanks to the phenomenal
developments in electronic digital computers. While
the book is essentially mathematical, the author has
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stri\'en to present a clear physical picture of the plate
behaviour. The book has an aeronautical flavour
but that does not diminish its usefulness to mathe
maticians or to ch'il, mechanical and marine engineers.

K. S. VISWANATHAN

HIGH SEl\SITIVITY COU!\TI!\G TECH!\IQl'ES by D. E.
Watt & D. Ramsden (Pergamon Press Ltd, Oxford).
1964. Pp. !\v+348. Price 80s.

The work under review is a condensed treati~e dealing
with the techniques of hjgh sensitivity counting,
especially with sourCl'S of weak activities at low
background lenls. The work begins with a dis
cussion of the essential counting parameters such as
the minimum observable counting rate, including a
discussion of the factor of merit. Then, in dealing
with the attainment of low background in radiation
detectors, the various sources of background are
carefully traced, discussed and ways and means of
minimizing them suggested. To eliminate the back
ground level of counting systems, the design and
construction of laboratories suitable for low back
ground work by the choice of proper construction
materi~of the building, the counters, the shielding
as well as that of the electronic circuitry are suggested.

Then detectors of various types suited for the
mealsurement of weak alpha-counting, low-energy
beta-counting such as radiocarbon dating and low
energy gamIUa-counting as in the case of H3, S3" PU241

as well as soft K- and I.-characteristic photons of
1\37• crS', etc.. are described. The influences of the
geometry of the counting systems and the source are
described and suitable methods of eliminating these
influences are discussed. Also, the technique of
scintillation counters for the measurement of weak
gamma activities including the sum-coincidence
method are discussed. Finally, the methods of
measuring gamma activity in the human body are
dealt with in detail.

The subject matter of the work is reliable and
dependable inasmuch as the work is the outcome of
careful work and study of the authors who are them
seh'e3 authoritics on the subject. The get-up of
the book is excellent and illustrations are vcry
clear. The work will be useful as a reference in ail
the research laboratories where work on nuclear and
radiation physics is being carried out. The authors
are to be congratulated for bringing out this useful
\\·ork.

SWAMI ]:-iANANAI\DA

SYSTEM DESIGN FOR COMPUTER ApPLlCATIOI\S by
H. N. Laden & T. R. Gildersleeve (John Wiley &:
Sons Inc., New York), 1963. Pp. v+330. Price
S 7.50

This publication presents the principles of system
design suitable for using an electronic computer as a
data processing machine to achieve optimum benefits.
The book is divided into three parts. Part 1 deals
with the general considerations of system design for
computer applications. By system design is meant
the critical analysis of the data processing operations
and their redesign. It covers (i) fact finding, i.e.
documentation, (ii) critical evaluation of the existing
business data system, its objective, outputs and
inputs, and (iii) creative synthesis of a new system,

making thereby a restatement of objectives, a defini
tion of output in terms of these objectives and a
reorganization of the input data gathering and pro
cessing required to produce the output. The authors
have presented in simple and clear language the tech
niques involved in all these steps. The principles
underlying technical problems preceding programming
such as block diagram, run organization, file main
tenance, process chart and flow chart are fully dis
cussed. In Part 2 are given the source documents
consideration covering the design of forms, uses of
various systems of coding and output fonn. Part 3
is an exhaustive description of steps involved
in the design and installation of a computer data
processing system.

Computer system design is a new subject and the
authors have provided a candid description of it.
Apart from giving general principles and case his
tories, the authors have taken pains to quote examples
at-each stage of discussion. For clarity of terms and
definitions used in the book, a useful glossary is given
at the end. Though the authors have stated that
their book docs not deal with programming, perhaps
it \\'ould have been better if they had included a brief
description of it so as to make the book self-contained.

The use of electronic computers in India for data
processing in different fields is now gradually in
creasing, and this book will be helpful to those who
are concerned with computer system design.

. T. R. SEHGAL

OPERATIO!\S RESEARCH IN RESEARCH AND DEVELO'p~
MEXT - Proceedings of a Conference at Case
Institute of Technology in 1962, edited by
Burton V. Dean (John Wiley & Sons Inc., New
York), 1963. Pp. xii+289. Price $ 8.50

This book consists of twelve papers which were
presented at a Conference on Research and Develop
ment (R. & D.) Management Systems at Case Institute
of Technology in 1962, and is the first attempt of its
kind that presents applications of scientific methods
to the solution of R. & D. management problems.

Because of the complexity of modern business
operations and in.adequate information processes,
management in both the military and industry are
faced with the necessity of reducing the time and cost
of development programmes. There is a continuing
need to identify problems in advance and improve
the efficiency of oferations through quicker, more
responsive and more integrated controls. A com
pany's success or failure depends on its ability to
understand quickly and utilize effectively new con
cepts and techniques like Operations Research,
Systems Planning, PERT, etc., in planning and
control.

The first chapter is written by Prof. Ellis A.
Johnson, Director, Systems Research Centre, Case
Institute of Technology, and is a review of the US
competitive situation in the application of science to
technology. He is concerned with the basic problems
of development of US technology and the effective
ness of R. & D. activities with special reference to the
optimum utilization and control of technical resources.
According to his thinking there is no question about
the responsibility of the US Government to en
ocurage R. & D. acti\·ities.
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The second chapter is devoted to scientific R. & D.
and related activities, consisting of dissemination of
scientific information, testing, standardization and
collection of scientific data. The author discusses
the importance of scientific activities in the develop
ment of national strength - economical, military
and cultural.

In the third chapter, Miles W. Martin drals with
the concept of the measurement of value of scientific
information and evaluates the usefulness of citation
counts as an index of this value. He also feels that
the behavioural theory of human communication may
be fruitful in the measurement of scientific in
formation.

Chapters 4, 5, 10 and 12 discuss in detail the
application of PERT (Programme Evaluation and
Review Technique) to R. & D. problems. These
chapters make it clear that the combined tools of
network analysis, critical-path methods and critical
path scheduling are highly effective. The network
approach offers opportunity to develop integrated
planning and control tools to aid in the management
of R. & D. processes.

In Chapters 6 and 7 .it has been emphasized
that the success of a research programme is dependent
on the selection, evaluation and control of R. & D.
projects.

In the eighth chapter, Prof. Herbert A. Shepard
treats an R. & D. organization as an adaptive
system and discusses the conditions which will
make an R. & D. organization more effecti\'e and
creative.

Chapters 9 and. 11 deal with the importance
of scientific models. In Chapter 9 a logical struc
ture has been constructed for the process of getting
new business by making proposals against competition.
In Chapter 11 it is shown that even ~imple models
play an important role in the studies and improvement
of R. & D. management.

On the whole it is a well-presented book and all
the phases of planning, model construction, data
collection, evaluation, testing and control of the
results have been dealt with. The book will serve as
an excellent reference book to the managers and a
useful guide for those engaged in research in R. & D.
management problems.

PROBLEMS IN THE DESIGN AND DEVELOPMENT OF .
750 MEGAWATT TVRBOGENERATORS by V. P.
Anempodistov, E. G. Kasharskii & 1. D. Urusov;
translated by O. M. Blunn (Pergamon Press Ltd,
Oxford), 1963. Pp. 76. Price 30s.

At the outset it has been indicated statistically that
in most countries electricity consumption increases
on the average up to 7 per cent per year, the major
share of the demand being met by thermal power
stations. Increase in consumption of electricity and
fall in available water resources, which can be eco
nomically exploited for power generation, has led to a
rapid increase in the commissioning of large thermal
generating units. In Europe alone there are at
present several 250 MW sets in operation and a
considerable number of 500 MW units under construc
tion, while the feasibility of 750 and 1000 MW sets
is being' actively studied.
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As regards turbogenerators, it is well known that
for many years past, rotor heating has been the main
limitation to increasing outputs from single shaft
units of a given size. This was partly overcome by
the adoption of inner cooling of rotor conductors
by hydrogen. Also stator current-carrying capacity
registered a great advance by the use of direct water
cooling of the conductors. Corresponding improve
ments in rotor capability are now being sought by
resorting to water cooling of the rotor. The authors
in the present book have indicated the feasibility of
adoption of water cooling of the rotor, while high
lighting many of the metallurgical, mechanical and
insulation problems associated with it. Thev have
further suggested consideration being given to other
aspects of improvements in existing designs, namely
(a) use of polyester-resin bonded mica for stator
insulation; (b) use of cold rolled grain-oriented
sheet steel for stator laminations; (c) utilization of
special copper alloys to improve the strength of rotor

. windings; and (d) use of titanium alloys of low specific
weight and high yield stress for rotor end-bell
construction.

The present book is mainly devoted to the details
of a single shaft generator design study. The authors
have taken recourse to liberal use of design and re
search material in their examination of future tr~nds

of large turbogenerators. By the use of techniques
such as ' the variation of characteristics of ideal geo
metric series " ' series with constant diameter', etc.,
a theoretical basis for the adoption of a 1250 mm.
(Ham. water-cooled rotor has been laid. The atten
dant metallurgical, mechanical and thermal problems
are yet to be solved before the feasibility of a
single shaft design of large output can be firmly
established.

Some of the other topics discussed in the book are
, direct cooling and maximum output', ' thermal and
hydraulic analysis of direct cooling', 'prospects of
new materials' and 'design study of single shaft
750 MW turbogenerators '. The presentation is of a
high professional standard executed in a lucid manner
with illustrations and useful data. A glossary and a
comprehensive bibliography are also included. This
volume would be of utmost interest to designers.

S. SWAYAMBU

THE PRINCIPLES OF ApPLiED ~CIENCE by 1\1. W.
Thring (Pergamon Press Ltd, Oxford). 1964.
Pro vii+226. Price ISs.

This publication forms Volume I of the Conferences
Division of the National and International Library.
The Joint Chairmen of the Honorary Editorial
Advisory Board for the Library are Sir Robert
Robinson, OM, FRS, and Dean Athelstan Spilhaus,
Minnesota. Prof. M. W. Thring is Professor of Fuel
Technology and Chemical Engineering, University of
Sheffield.

The book is apparently a record of lectures, papers,
and studies which formed the programme of a recent
conference: the reader is left to infer this from the
wording of some of the papers or chapters, of which
a list is as follows:

Definitions of Pure and Applied Research by Sir
John Cockroft; The Principles of Applied Science by
M. W. Thring; Development as a National Problem
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by J. S. Duckworth; Development in the National
Economy by D. C. Hague; The Role of the Research
Associations by D. W. Hill; Invention and Innovation
by ~f. Zvegintosov; Some Transatlantic Precedents by
W. H. G. Armytage; Higher Education in Applied
Science by B. V. Bowden; The Schools and Applied
Science by H. S. Lipson; Integration of the Work of
Colleges of Advanced Technology and Industry by
E. H. Edwards; The Role of Mathematics in Applied
Science by D. N. de G. Allen; New Techniques in
Steelmaking-by .r. H. Chesters; The Building Industry
- A System of Zero Feedback by J. K. Page; Radar
and ~ficrowavesby A. L.' Cullen; The Assessment and
Development of a New Product in the Petroleum
Chemicals Field by R. N. Wheeler; Aircraft and
Rocket PropuJsi:m by A. V. Cleaver; Development of
Processes for the Production of Industrial Chemicals
and Fertilizers by J. B.Harding.

This catalogue promises a rather' mixed bag',
e\'en for a lengthy conference. For some reason or
reasons weaknesses had becom~ apparent (in the UK)
in the development and improvement of products and
processes. The stimulation of such work and the need
to foster and encourage new ideas demanded (and
demand) serious attention. In the nineteenth century,
Britain oftener than not was in the van in putting
forward new ideas and in developing them indus
trially. As examples we need look no further than
the Bessemer and Siemens Steelmaking Processes and
the Parsons Turbi'le. In the present century Blitai'l
has not been slow i.1 develori:Jg i:Jdustri~s cencerned
with atomi: energy, aeronauti:s, radar and mi:ro
waves, ·gas-turbues, petrochemicals and fertilizers.
Nevertheless, it remains true that in other fields of
recent technical research and development Britain
has not occupied the pre-eminent role which she
did in former years. The conference referred to
above was no doubt called to review the present
position, (0 diagnose the ills, and where possible to
suggest remedies.

In the present century, the USA (by contrast)
has made great strides in the industrial and techno
logical world. It is true that she has had certain
advantages, more especially in wealth and resourcc~,

and in the relatively lighter ll\~rden which the world
wars placed on her shoulders. In Britain the war
loads were colossal, both in respect of financial and
material demands and losses, and still more in the
loss of human potential, a loss whose magnitude
cannot be assessed.

In the fore\\'ord to this volume attention is drawn
to another factor, namely the new circumstances of
the present century: " Wealth sufficient to develop
a new process against the competition of the highly
devPloped ones already existing is no longer in the
hands of men with the enthusiasm to push their
inventions through, and we have to find an alter
native method of solving this problem. There are
many questions to be answered, such as how far com
mittees should control the work, and on what
principles one should decide whether it is worth going
on with it; what stages the work should go through;
how we can educate people to look forward towards
quite new processes and at the sam~ time base their
ideas on a sound understanding of fundamental
science. While this book cannot possibly provide

complete '!-nswers to these and related questions, it is
hoped that it will stimulate the reader at least into
thinking out his own answers and realizing the
urgency of the problem."

To come to the actual papers, which are giycn as
separate chapters of the book, some of the .contri
butors, notably Sir John Cockroft and Prof. Thring,
spend much time in distinguishing betwem the fields
of pure research and applied research and cn tte
subdivisions arising. No doubt such classification is
useful for purposes of organization, but often it is
unnecessary, nor is it in general desirable to separate
the personnel. It is true that many school-masters
seem to be of the opinion that pure science is a
more worthy occupation for their scholars than is
applied science: To explain how this attitude has
come about it is suggested that it is the' natural
child' of those philosophers of old who assumed
(a priori) that manual labour and doing anything
practical for a living was not the function of a
free-man. Such work should be done by slaves.
The free-man should devote himself to pure ideas,
and presumably the less their useful application,
the better. Some modern mathematicians have
been credited lWith the same outlook. It is com
mon in the East.

For some years America has of course taken an
almost diametrically opposed view. Is not her
progress'in science, industry, technology and research,
and even i'l military power due to the more realistic
views she has taken? On the other hand, has not
the Greek ideal, held by many British pedagogues,
helped in deflecting many of the best students to
pure research and pure science rather than applied?
This bias may well have deprived industry and
technology' of men of first class acility, capable of
making major contributions and advances in en
gineering in all its branches. It is high time that
such' fantastic nonsense' (as the late Prime Minister
Nehru might have called it) came to an end
along with the prejudices of the pedagogues respon
sible for the existing state of affair~. Prof. Thring
states the position boldly in his paper on 'The
Principles of Applied Science'.

"While generalizations of this sort arc open to
particular correction, a great many of the schools are
guilty of this national crime. It is a national crime,
because it is in applied science th~t we need the best
brains if we a.re to survive as an exporting nation.
Unless we hep ahead in our ideas in industry, we
shall be swamped by our competitors, and we shall
not be able to export to pay for our imports. There
fore, the national problem is how to raise the status of
applied scienc€1 in the eyes of the school-masters and
the schoolboys."

Several authors dra\\> attention to the meagre
British financial provision for research, comparing it
unfavourably with the position in this respect in the
USA. Thus Dr B. V. Bowden in his paper on
'Higher Education in Applied Science' says: "Our
universities are very small indeed compared with
those of other industrialized countries, and this may
have something to do with the fact that our indus
tries are growing relatively £lowly. Modern science,
engineering, and technology are becoming more and
more complicated: the number of scientists and
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engineers in the world doubles every fifteen years.
Of all the scientists and engineers who ever lived,
three-quarters are alive and working. We need
many more today, the demand is growing and it will
undoubtedly continue to grow. If our industry has
to recruit men who are less educated than the recruits
of its competitors, it will never survive in a competi
tive world." He further states, " In addition to our
having too few university places, our universities are
much too small to house many of the specialists among
the teaching staff that would automatically be present
on the staff of large continental engineering schools.
It is not very many veal's ago since most universities
seemed to have one Professor of Engineering (Oxford
has only one to this day). Few English universities
have more than one Professor of Electrical Engineer
ing or one Professor of Mechanical Engineering. It
is not unusual to find fifteen Professors of Electrical
Engineering in a Continental School, so that among
them they can study almost any subject, however
specialized it may be. The technical university of
Aachen was designed quite deliberately on the
assumption that it must have at least 100 professors
who could divide the important branches of science
and technology among themselves. Each professor
has about 100 students, so there are 10,000' students
in Aachen. This vast organization is the minimum
size, so the Germans believe, for a really £lucient
school of science and engineering."

In this review one is tempted to give extracts
from many of the other papers, notably those on
• Interaction of the Work of Colleges of Advanced
Technology and Industry', 'New Techniques in
Steelmaking', • Radar and Microwaves', and' The
Development of Processes for the Production of
Industrial Chemicals and Fertilizers'; but there is
no substitute for reading the papers individually.

Stepping back, however, from the individual papers
and viewing the compilation 'as a whole, three con
clusions seem to stand out. They refer to Britain
in the first place, but often also to other countries:

1. There is urgent need for increased national
provision for education and training in pure and in
applied science, and in research.

2. Applied science and research call for ability and
capacity equal to that required for pure science
and research: the applied field is frequently more
difficult, but often more immediately rewarding.

3. It is important - it is a matter of urgency'-,- ,
to counteract, and if possible eliminate antiquated
and false ideas and ideals developed (usually) long
before man became aware of the discipline and
potentialities of science, pure or applied.

With regard to the last observation, there is not
the least suggestion that we should become mate
rialists in the nineteenth century sense of the term.
Indeed, modern scientists, pure or applied, tend
to occupy the role of mystics, living largely in an
esoteric world. But 'as the world of matter and of
related phenomena is the world • in which we live
and have our being', the humble study of our
immediate environment, in its manifold variations, is
surely natural to man. In any case the fact and its
implications are now being driven home by present
economic forces (of no mean order) and by the very
urge for survival. 'Sweet are the uses of adwrsity ':
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sweet, perhaps, but certainly salutary if taken
aright.

The paper, printing, and layout of the book are
excellent, except for the cover which should be more
durable. The subjects discussed are obviously of
paramount imfortance today and their treatment in

,this volume is such that the book is likely to be used
widely for study and reference. At the present
stage of development such a colledion of essays by
eminent authorities on the Fosition and potentialities
of applied science is most opportune. Careers
masters, educational advisers and organizers, and
the administrators of universities, research institu
tions, and industry will all naturally be interested;
but thoughtful reading of these essays by our
legislators and those charged with framing and
implementing national policy is also called for - and
not only in Britain.

J. W. WHITAKER

THE CHEmc.\I. INDUSTIlY - VIEWPOINTS AND PER
SPECTIVES edited by Conrad Berenson (Inter
science Publishers Inc., New York), 1963. Pp. x
+426. Price S10.00

Books which are timely become significant. For
those of us engaged in manufacturing, planning
future growth, market ing and management of
chemical industrv in India, this book is of real value.
The author has 'introduced a fascinating section of
case histories and it is here that the practical value
of the book lies, as it is both pragmatic in approach
and authoritative in its contents.

The book has been divided into four major s('c
hons. The first section gives a background of the
chemical industry in l'SA, its problems of over
capacity, lowering profits, intense competition.
growth potentialities as well as serious marketing
prob~ems. Despite a continued tussle due to squeeze
and pressure on profits, on account of rising prices
of raw materials, labour, marketing and research,
the chemical industry is still holding its own. (The
profit picture as of today is very different.) There
is not only competition from within the chemical
industry, i.e. from similar products, but alsi:> a
very keen competition from without. On the top
of it, chemical industry, like aircraft industrv.
has a very high rate of obsolescence of products
and processes. Surprisingly, this competition has
proved refreshingly a boon inasmuch as it has
helped to maintain its vigour and dynamism. In
no other industry are mergers and vertical expan
sions known as in the chemical industry. The
credit for its vigour should largely go to the glorious
role played by research and development.

Some of the statistics mentioned therein are
significant. When compared with any other indus
try, chemical industry in USA grew faster by 25
per cent during 1935-40; 56 per cent during 1940-50,
and 119 per cent during 1950-60. This was largely
due to the rise of the petrochemicals, which was an
outstanding phenomenon of this period. Today,
almost 30 per cent of the weight and 60 per cent of
the d:>lIar value of the chemical industry is due to
petrochemicals, It also signifies that the rate of
growth of the organic industries was much faster
than that of the inorganic ones. In India, this
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significant factor has to be clearly understood by
us because our growth of the organic and the in
organic industries has similar potentialities.

The second and the most important section deals
with the growth, development and trends of chemi
cal industry and has a special treatise on growth cf
the caustic soda/chlorine industry, thermoplastics,
polypropylene, etc. It gives the mechanisms of
growth of various giants of the chemical industry
like Du Pont, Union Carbide, Monsanto, Monto
catini, etc., and deals with various other medium
sized industries with very great growth potential.

The third section brings out the capital intensive
nature of the industry and how rationalization of
manpower in chemical industry can remIt in im
portant savings. The general ratio of the profit of
the chemical industry to the employee wage bill is
1: 3. Hence, a 5 per cent saving in the employee
hill will immediately remIt in an increase in profit
ability hy 15 per cent. This being so, it is incum
bent upon management that they utilize the present
manpower more effectively and more. efficiently.
It will also be significant to note that for every three
men engaged in the chemical industry, at least two
are required to support them in their non-productive
activities like sales, stores, accounting, inventory
control, etc.

The last section on marketing policies in chemical
industry is applicable to the marketing of any other
product. For us in India, the strategy is different
cecause we are working under serious shortages
and in a protected market. Nevertheless, the
strategy of marketing in a society with free enter
prise is to maximize the profits, keep the competitors
on the defensive, confused and uncertain. Thirteel1
widely different examples have been dealt with in
areas such as marketing of new products, pricing
the products, consumer service, advertisement,
sample surveys, etc.

Chemical market research like any other market
research can supply definite identifications and
estimates quantitatively. \Vith its help, manage
ment hunches can be transferred into calculated
risks with odds in favour of the company.

On the whole the book makes a very refreshing
reading.

J. P. KAPUR

ADMINISTRATION OF THE CHEMICAL ENTERPRISE
edited by Conrad Berenson (Interscience Publishers
Inc., a Division of John Wiley & Sons Inc., New
York), 1963. Pp. x+414. Price $ 11.50

In recent times, the commercial and administrative
aspects have been growing in importance as compared
to the purely technical aspects in the chemical
industry, particularly in the more advanced countries
like USA, Germany and UK. With multifold
increase in production all round, the accent is shift
ing to a study of marketing problems, as against
methods of increasing production as in the past.
In this context, Conrad Berenson's Administration
of the chemical enterprise is a welcome publication.
It is perhaps the first book which contains interest
ing information on the commercial aspects of
operating a chemical enterprise, including marketing,
management, advertising, production, personnel,

etc. In his purpose to give the personnel in the
chemical process industries a good background to
all the information available, the author has cor
rectly taken an illustrative rather than definitive
approach. Major factors which affect key commer
cial areas are expressed clearly to arrive at the
basic principles involved. The examples and illus
trative material in the book make the book lively
and readable. The bibliography at the end of
c.ach chapter is useful to the interested reader as
a source for obtaining further information.

The book has nine chapters, dealing with market
ing, management, mergers and acquisition, advertis
ing and publicity, human resources management,
role of patents, sources of business information,
accounting and the chemical business and, lastly,
financial management in the chemical industry.
Marketing is very often considered synonymous
with selling. But, in fact, marketing covers a far
'wider field, which includes buying, selling, trans
portation, storage, standardization and grading,
financing, risk taking and collecting market informa
tion. The concept of the role of marketing in find
ing new uses and creating profitable customers is
discussed fully and illustrated by the experiences
of some of the leading American chemical producers
like Du Pont, Union Carbide, Monsanto and Allied
Chemical.

The chapter on 'Management in the chemical
industry' discusses the manager's job in the wake
of the explm:ive growth of chemical industry in
recent times. Total sales value of chemicals in
USA alone has shot up from a mere 3·1 billion
dollars .(Rs 1500 crores) in 1935 to 34·5 billion dollars
(Rs 17,000 crores) in 1963 - a more than tenfold
increase in less than three decades. (In comparison,
sales value of all chemicals produced in India in
1961 is less than Rs 300 crores only.) The need for
setting down clearly the objectives of the firm or
the enterprise is rightly stressed as essential for
efficient management. The experience of the big
companies in USA has resulted in the evolution of
different types of management organization, each
most suited to a company's own specific purpose.
Efficient management involves also the need to
establish clear authority relationship, stating One's
duty and right to do a job, one's responsibility in
relation to the others in the organization, etc.
Useful organization charts of some of the big
American companies are also given. The role of
committees and the fruitful results of group activity
are also brought out. The multiple executive
system of administration, in other words, the use of
an executive team, in administration has proved
successful in some cases. .

The chapter on ' Mergers and acquisition in che
mical industries' reviews the situation in American
industry from 1600 to date. The cause and effect
concept of the chemical combines are objectively
analysed. .

The chapter on 'Advertisement and publicity'
shows how the sale of ideas, products and services
to large number of people is promoted. The im
portance of research in advertising and publicity
and the possible ways of working on an advertising

.' budget are indicated. The chapter on 'Human
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resources management' discusses job analysis, merit
rating, motivation, employee needs, incentives, etc.
The role of patents, their contribution to the industry
and the benefits conferred by a patent form the
subject of another chapter. The chapter on sources
of business information gives the location of im
portant business information centres, information
on companies and individuals and handbooks,
dictionary, encyclopaedias and other books and
journals in USA. The last two chapters discus.s
accounting methods and financial management in the
chemical industry, giving case histories of three large
chemical companies in USA. The problem of financ
ing an industry and the need for intelligent planning
and control are well discussed.

The chemical industry in the country is still in its
early formative years, having had a late start. Only
lately, there is better appreciation of the need to
integrate production pattern and secure a vertical
growth in the industry. To all people associated
with the chemical industry in India, this book on
Administratioll of the chemical enterprise would pro
vide very useful material for efficient and effective
job performance.

S. R-\MASWAMY

THERMOCHEMISTRY FOR STEEL MAKING: Vol. 11
THERMODYNAMIC AND TRANSPORT PROPERTIES by
John F. Elliott, Molly Gleiser & V. Ramakrishna
(Addison-Wesley Publishing Co. Inc, lIIassachu
setts), 1963. Pp. xvi+299-846. Price £9

TI,e publication Thermochemistry jor strcl making,
Vol. II, sponsored by the American Iron & Steel
Institute, is probably the only reference book of its
kind so far published covering vast technical data
on physico-chemical aspects of iron and steel
making, such as the thermodynamic properties of
important metal and oxide solutions; equilibrium
phase diagrams, standard enthalpy increments of
selected compounds, kinetics of high temperature
reactions an:! diffusion in alloys an:! slags, transport
properties of important phases, etc.

It is undeniable that although current scientific
and technical data on the metallurgy of iron and
steel are indeed vast, most of them are too widely
dispersed in published text, technical journals and
leam~d discourses to be of practical usc as refe
rence materials to engineers. mEtallurgists and
scienti~e workers who are directly or indirectly
engaged in understanding the physico-ehemical
properties of iron and·· .steel making and applying
it in diverse aspects of ferrous metallurgy. At the
same time, it is also true that .there .indeed ~'lre wide
gaps in our scientific data on thermoehemistry of
iron and steel making which tend to become
progressively wider with the remarkable rate at
which applied technology multiplies in relevant
fields; such a growth causes in its wake empirical
relationships and practices to mushroom that are
often remat kably appropriate and generally appli
cable even if lacking somewhat in basic theoretical
precision. It is in such gaps in scientific knowledge
of iron and steel metallurgy that this publication
will find a place of honour and universal reference
on subjects though widely apart in their intrinsic
studies yet aptly fitting in the overall pattern, of
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basic scientific advancement in iron and steel
making.

The publication is remarkable in the scope of
its collation, consolidation and summarization of
physico-chemical data relevant to ferrous metallurgy.
The authors deserve appreciation of many engaged
in the art and science of iron and steel making and
grateful thanks of scientific research community in
making their task of technical reference so much
easier and so very interesting.

The wealth of technical and scientific data assem
bled -in this publication has led the authors to
adopt a unique method of 'indexing' which in
many a brilliant scientific treatise is considered to
be of secondary importance since it lies at the end
of a publication; in this book, indexing, 'last but
not the least', has been organized to make the text
readily accessible and as the reader will notice to
his delight, a completely different arrangement has
been followed in preparing the index.

There is no doubt that this publication, so clearly
printed an~ superbly bound, rich in its wealth of
scientific and technical data and knowledge, will
be a standard book of reference to the students,
research workers, metallurgists, engineers and scien
tists engaged in somewhat dispersed disciplines of
iron and st<;el technology for many years to come.

B. R. NIJHAWAN

BIOCHEMICAL LESIONS AND LETHAL SYNTHESIS by
Rudolph A. Peters (Pergamon Press Ltd, Oxford),
1963. Pp. x+321. Price 70s.

The first half of this book is a narrative account
of the well-known and classical researches carried
out by the author and his colleagues over a series
of years in various biochemical areas related to
pathology and medicine: Reprinted in the second
part of the volume is also the text of some
lectures by the author dealing essentially with the
integration of cell structure with functions. This
collection of essays and lectures brings out the
impact of Sir Rudolph's contributions on the emer
gence of the present-day dynamic biochemistry from
the earlier descriptive subject.

That pathological manifestations or other histo
logical abnormalities are invariably preceded by
enzymatic disturbances is a concept, now obvious
to biochemists, that has stemmed largely from the
pioneering researches initiated by Dr Peters on
biochemical lesions induced by thiamine deficiency
or by poisons like arsenicals, mustard gas, carbon
fluorine compounds and thiol group inhibitors.
For example, his approach to· understand at ·the
enzyme level the action of thiamine by parallel
studies ill vivo and in vitro was undoubtedly a novel
one at that time. Such logical follow-up of meta
bolic disturbances to understand the primary bio
chemical defects has yielded good sdentifi: and
practical dividends some of which are reviewed in
the first four chapters. It is of interest to recall
that although dimercapto-propanel (British Anti
lewisite, BAL) as an antidote to lewisite gas and
other arsenicals was discovered by logical approaches
following observations on the marked in vitro effects
of arseni:als upon the pyruvate oxidase system of
brain brei, it was only some ten years after this
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and psychology which is of paramount importance
in present-day drug research - the effects of psycho
active drugs (tranquillizers, energizers, psychotomi
metics, etc.) on human behaviour and experience.
In view of the social and ethical as well as the
medical and psychiatric dimensions of the problem,
it is essential that methods be developed for the
reliable and accurate assessment of a drug's effects.
The approach attempted here to the study of the
effects of drugs on behaviour, while utilizing a
pharmacological model, has tried to bridge the gap
between pharmacology and psychology and to
find a parallelism between the two systems of con
ceptualization. There are several obviously over
lapping areas of observation but certain striking
analogies are becoming manifest between the gene
ral facilitatory and suppressOl: functions of the
reticular formation and the concepts of central
• excitation' and ' inhibition' that are used in the
psychological model.

Such books are well worthy of a place in the
library of physiologists, pharmacologists and psychc
logists and should help in bringing about more
collaborative studies between these groups of
scientific disciplines in throwing further new light
on the intricate functioning mechanisms of the
human brain.

B. 111 UKERJ I

PUBLICATIONS RECEIVED

FAST REACTIONS IN SOLl!TION bv E. F. Caldin
(Blackwell Scientific Publication, Oxford), 1964.
Pp. x+306. Price 455.

EFFECT OF MANUFACTURING TECHNOLOGY AND BASIC
THREAD PARAMETERS ON THE STRENGTH OF
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MARINE BIO-AcousTics (Proceedings of a Symposium
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Pp. xii+413. Price £5
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PROBLEMS OF THE BIOCHEMISTRY OF THE NERVOUS
SYSTEM edited by A. V. Palladin, translated from
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NOTES & NEWS

Inverse fluorescence effect

Research workers at the Signals
Research & Development Estab
lishment (SRDE), Christchurch,
England, in collaboration with a
research team at the Aberdeen
University have recently reported
success in demonstrating an effect
which is the reverse of fluorescence
and was predicted several years
ago. Though the effect seems to
have been demonstrated earlier in
USA, it has only been done
using equipment to hold mate
rials at liquid helium temperatures.
The present approach uses an ex
tremely simple set-up and an easy
procedure.

In ordinary fluorescence, either
with ultraviolet, X- or gamma rays,
a fluorescent substance absorbs
radiation of higher energy and re
radiates part of it as less energetic
radiation. The SRDE scientists
have been able to achieve the
reverse phenomenon. They used
a crystal of a semiconductor mate
rial doped with a rare earth and
made it absorb longer wavelength
(low energy) infrared light and
re-radiate shorter wavelength (high
energy) visible light. The effect
is accomplished by the crystal's
property of adding the energy of
two or more quanta of absorbed
infrared radiation and re-radiating
the total energy. This property
depends not only on the electron
structure of the atoms of the
doping material but also on the
structure of the host crystal. To
show the effect, the crystal is
simply placed in a focused beam
of infrared radiation when it will
glow. So far, three different
types of. crystals have been tried
which emitted three different
colours of light, viz. red, faint
green and orange. Though still in
exploratory stage, with improve
ment this development is expected
to lead eventually to devices that
wi1l show detailed pictures of ob
jects in the dark without the
complicated electronics of the
image converter - a distinct mili
tary advantage. If the sensitivity
of the system can be made ade
quate, "the development is also
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expected to have practical appli
cations in navigation [New Scientist,
21 (1964), 201J.

Detection of neutrinos from
the sun - A new plan

A new plan to detect neutrinos
coming from the sun has been
envisaged. According to the plan,
a tank containing 100,000 gallons
of pure perchlorethylene placed
4500 ft deep in a mine would serve
as a trap for neutrinos. Although
neutrinos react with matter so
infrequently that they can, on
the average, penetrate 100 trillion
miles of lead, the perchlorethylene
tank should catch 4-11 interac
tions each day. The neutrinos
would react with the chlorine in
the perchlorethylene liquid to pro
duce radioactive argon-37, which
is easily detected. A test made
with two 500-gallon tanks of per
chlorethylene in a mine 2300 It
deep has shown that the proposed
plan will be successful in detecting
neutrinos from the sun [Sci. Ntu's
lett., Wash., 85 (1964), 195].

Atomic absorption
spectroscopy studies using
laser beams

Atomic absorption spectroscopy
studies of several substances in
cluding the refractory materials
has now been made possible by a
technique developed at the Inter
national Telephone & Telegraph
Corporation, Indiana. As a result,
it is now possible to detect concen
trations of elements as low as one
part in a million. In this technique
a gigawatt laser pulse is used for
evaporating materials for analysis
of their composition. In ope
ration, a hollow-cathode lamp
generates the spectral lines of the
element that it is desired to detect
and measure, and this light is
directed towards a spectrometer
consisting of a prism and an image
dissector that measures the inten
sity of the various spectral lines
of the light. The laser beam is
focused on a sample of the mate
rial under analysis and evaporates .
a portion of it in the pth of the

light from the lamp. If the mate
rial under analysis contains the
element being measured, its vapour
will selectively absorb the lamp's
spectral lines and the extent of the
absorption will be registered by
the spectrometer [J. Franklin Ins!.,
271 (1964), 288J.

Spectrometer for analysis
of laser radiations

A versatile and easily operated
spectrometer has been designed
at the US National Bureau of
Standards to study laser frequen
cies and has the advantages of
quick response, high resolving
power and intensity, and good
reproducibility. The principle of
its working is as follows:

The separation between the two
mirrors of a Fabry-Perot inter
ferometer is varied periodically by
piezoelectric vibrations produced
in a ceramic tube. The resulting
interference patterns arc repro
duced on either a strip chart or
on oscilloscope screen. Voltages
to provide the linear vibrations of
the piezoelectric ceramic tube are
applied by wires soldered to the
inside and outside of the tube
from a 60 cis. power line. A
small circular diaphragm placed
in the optical path permits enly
the centre of the circular inter
ference fringe pattern to be viewed
by a photomultiplier tube. As
the mirror separation of the inter
ferometer was altered by the
movements of the piezoelectric
tube over a period of time, the light
passing through the diaphragm
yielded a record of the intensity
structure within the fringes. The
photomultiplier tube was connected
to an automatic recorder or an
oscilloscope, so that this structure
could be traced on a strip chart
or displayed on the oscilloscope
screen.

Experiments made so far have
shown that the instrument has
high resolution and can be used to
measure Zeeman splitting frequen
cies. Because of the high resolu
tion and intensity of the cathode
ray oscillograph display, energy
shifts back and forth between
modes and frequency changes are
readily apparent. Further work is
in progress to improve the sensiti
vity of the instrument in order
that the fine structures of the
frequencies of both visible and



infrared lasers may be analysed.
Such analysis should provide in
formation for obtaining laser stabi
lization [Tech. News Bull. U.s. Bur.
Stand., 48 (1964), 46].

Confirmation of linear
structure of carbon suboxide

The linearity of the structure of
the carbon suboxide (C30 2) mole
cule - a matter of scientific con
troversy for over 30 years - has
now been experimentally confirmed
by high-resolution infrared spectro
scopic studies conducted at the US
National Bureau of Standards
Laboratories.

The electronic structure expected
for C30 2 molecule as well as the
valence theory in general indicate
that C30 2 molecule has a linear
symmetrical structure. In 1933,
an analysis of the dipole moment
value of the molecule indicated
a bent structure for this com
pound. Since then, molecular
spectroscopists were divided in
their opinion regarding the struc
ture of the molecule. At the
US National Bureau of Standards
the infrared spectrum of the
molecule was investigated in the
region 1800-3300 cm.-l using the
NBS-built high-resolution spectre
meter operated in the double pass
mode after being calibrated using
rare gas emission spectra with an
interference fringe system. The
C30 2 band system centred at
3200 cm.- l fortunately falls in the
region of peak resolution of the
NBS instrument. The first band
in the series was found to originate
from the ground state. The lines
of this band can be accounted for
exactly, if the band is assumed to
arise from a Lu-Lg transition of
a linear molecule. The moment of
inertia calculated from the observed
data is in excellent agreement with
that calculated from electron dif
fraction parameters. Analysis of
the second band at 3180 cm.- l

showed that it is due to 1t -1tll

transition originating from Kthe
first level of a low frequency
bending mode. From the I-type
doubling observed in this band, the
frequency of the bending mode
can be estimated to be 20-70
cm.-l . This observation leads to
the conclusions that the molecule
is linear in structure and that one
of the bending vibrations falls at
an unusually low frequency [Tech.

~OTES & ~EWS

News Bull. U.S. Bur. Stand., 48
(1964), 48].

A new automaton

A new automaton having an
intelligence level similar to that of
an ant has been developed at the
Johns Hopkins University Applied
Physics Laboratory. The' new
automaton is mobile and is able to
feed itself (by charging its batteries
when discharged) and is able to
exhibit conditions similar to sleep
and panic. The machine which
looks like a king-size hatbox has a
retractable giraffe-like head having
tiny sensors which follow along the
wall's surface in search of electrical
sockets through which the machine
feeds itself until the batteries are
fully charged. After feeding the
machine wanders at random.
However, because of the electronic
logic elements stored in the
machine, it is able to avoid ob
stacles. As the machine nears the
edge of a step, one of its eight
shoes (normally resting on flat
surface) drops down, causing the
brain to react and the machine
draws back. If the machine gets
entangled in a railing with its head
caught between two poles it
wriggles its head back and forth
(like a child) and then completely
stops and goes into a panic mode
before attempting another mano
euvre to get free. When it is
time for the machine to go to
sleep, it receives a command via
a telemetering command system
which it stores in its memory. It
retains this command for several
hours before finally carrying it
out. The telemetering system also
enables any observer to follow its
motion. In addition to the com
mand telemetering system and its
touch sensors, the automaton has
been recently equipped with two
ears to enable it 'coast' freely
avoiding obstacles. Efforts are
being made to equip the machine
with an • eye' - an optical, scan
ning system so that it could spot
electrical sockets for feeding. The
new automaton which has been in
operation for almost a year has
over 400 hr of operating time.
The machine is expected to pave
the way for the development of
automatic electronic devices that
could explore the ocean floors,
caves, and planetary surfaces.
Improved versions of such auto-

matons may thus have a useful
role in the preliminary exploration
of different planets and some of
their features before men could
actually land on them [Sci. News
lett., Wash., 85 (1964), 170].

Linear silicon-nitrogen
polymers

The preparation of a series of
long-chain, silicon-nitrogen poly
mers, silazanes, hitherto difficult
to make because of the ease of
formation and stability of cyclo
silazanes, has been reported. The
use of bridged monomers, which
stereacally prevent cyclization
during polymerization has made it
possible to make linear polymers
with molecular weights up to
8000. The aminosilane monomers
have been prepared from chloro
silane intermediates obtained by
refluxing allenediamines with di
organodihalosilanes. The bridged
chlorosilane is obtained by the
reaction of either ethylenediamine
or 1,3-propylenediamine with
dichlorodimethylsilane, dichloro
methylphenylsilane or dichloro
methylvinylsilane. These bridged
compounds are then converted to
aminosilane monomers by reacting
them with either ammonia or
amines. The polymerization of
the monomers is effe~ed in re
agent grade xylene using ammo
nium sulphate as catalyst. Ammo
nia monomers could not be poly
merized under these conditions
because of the ease with which
they lose ammonia. Butylamine
and methylamine monomers react
more slowly. Monomers with an
ethylene bridge react more quickly
than do those with a propylene
bridge. Substitution of a phenyl
group for a methyl group on each
silicon atom of the monomer leads
to slower polymerization. From
intrinsic viscosities, it is concluded
that the highest degree of poly
merization occurs at 140°. In
the infrared spectra of the mono
mers and polymers, same bands
are obtained with an exception of
a band at 1180 cm.-l for some of
the polymers. This band can be re
lated to the -SiMe2 -NHSiMe2

grouping, which is absent from
the monomers. Differences in NH
region show the loss of a monomer's
free primary group or secondary
group on polymerization [Chem.
Engng News, 42 (1) (1964), 26].
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Polypentenamer

Cyclopentene has been success
fully homopolymerized to a new
polymer, polypentenamer, employ
ing Ziegler-Natta type catalysts.
The polymerization takes place
exclusively through ring cleavage,
and gives a stereoregular polymer
in a yield of 98 per cent (trans)
or 97 per cent (cis), depending
upon the catalyst. With molyb
denum pentachloride and triethyl
aluminium, cis-polypentenamer
(amorphous) is obtained while

- tungsten pentachloride-triethyl
aluminium catalyst system gives
rans-polypentenamer as crystal

line material.
The structure of the cis- and

trans-polypentenamer has been
elucidated on the basis of their
infrared spectra. In the cis form,
the infrared spectra show an iso
lated double bond for each
monomer unit. The bonds are
of cis type with bands at 7·12
and 13-8-13'9 fL. The infrared
spectra of the crystalline material
also reveal one isolated double
bond per monomer unit and a
band at 10·35 fL indicative of a
linear trans isomer. The spectra
of both types do not show bands
in 8-8·5 (J. region, which would
have indicated cyclic structure.
The infrared spectra of both the
samples do not sho\v the presence
of other types of double bonds,
viz. vinyl, vinylidene, conjugated
or cumulated bonds. The ozono
lysis of the trans polymer indi
cated that the trans polymer is
enchained head-to-tail having three
methylene groups between double
bonds. The structural investiga
tion on the cis polymer are pro
gressing.

Both the polymers are soluble
in aromatic, cycloaliphatic and
chlorinated hydrocarbons and are
insoluble in alcohols, aliphatic ket
ones and ethers. They are elasto
meric and, like many elastomers,
trans-polypentenamer is almost
amorphous at room temperature
when unstretched. But cooling
or stretching produces a crystalline
structure. Stretching combined
with cooling gives a fibre of even
greater crystallinity. With or with
out reinforcing fillers, vulcanized
trans-polypentenamer has good
mechanical properties [Chem.
Engng News, 42 (1'4) (1964),
42J.
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Hydrogen damage of
boiler tubes

According to a theory proposed
by A. M. Guy of the Southern .
Indiana Gas & Electric Co., Evans
ville, Inc., USA, hydrogen damage
can be produced in a pure water
boiler even when there is no sodium
hydroxide present in the boiler
water and no measurable free
hydroxyl groups, which have been
commonly associated with failure
of boiler tubes. The most common
cause of hydrogen damage can be
the mechanical failure of a baffle
tile along the boiler sidewall, which
allows an excessive amount of
extremely hot gases to flow over a
very short section of a water
circulator tube that is normally
completely out of the heat input
area. The hydrogen damage need
not necessarily be a result at over
heating, but may also be caused
indirectly. In the boiler tube a
thin layer of iron oxide is supported
over steel and the reaction between
Fea0 4 and even Fe.Oa and water
is a most stable condition. The
tube is subject to damage by
extreme thermal shock and/or
mechanical abrasion. Either or
both of these, however, may be
accomplished by film boiling, in
which case the presence of free
hydroxyl ions or caustic soda
serves to greatly accelerate the
chemical reaction begun by heat.
By maintaining proper heat input
levels, it is possible to run steam
generators for a long time without
tube failure of any type in a pure
water system [Matz. Engng, 86
(4) (1964), 116].

Photochromic glasses

The development of glasses which
darken on exposure to light and
clear again when the light fades has
been reported from Corning Glass
Works. Basically, the glasses
are silicate glasses containing
submicroscopic silver halide crys
tals. The crystals are precipitated
during the manufacturing process
and are so minute that they do not
affect the transparency of the glass.
The photochromatic action can be
controlled in an individual glass
piece, so that only a part darkens
on exposure to light. Ultraviolet
light sources cause instant darken
ing. Under normal indoor light
ing the glasses remain clear. The

time required for photochromic
glasses to regain original trans
parency depends upon the glass
composition, previous heat treat
ment and temperature of the
material. The rate of clearing on
removal of the light source increases
with temperature. Fast clearing
glasses are more temperature
sensitive than the slower clearing
glasses [Mech. Engng, 86 (3) (1964).
62].

Human leukaemia virus

The virus associated with the
human leukaemia was for the first
time isolated by Dr Negroni,
working in the Experimental Bio
logy and Virology Division of the
Imperial Cancer Research Fund.
Mill Hill, UK, from the bone
marrow of the patients suffering
from leukaemia. He has presented
both biological and morphological
evidence to show the association
of virus-like particles with human
leukaemia.

The discovery of the virus caus
ing chicken and mouse leukaemia,
and the identification of virus-like
particles by electron microscopic
studies of the leukaemia bone
marrow cells led the way to the
isolation and culture of the virus.
The virus was isolated in each of
the 10 cases of human leukaemia
and was maintained by serial pas
sage in tissue cultures. Whole hu
man embryos, made available from
women whose pregnancies had to
be terminated for medical reasons.
and the human foetal kidneys were
used for the preparation of tissue
cultures. The cultures were made
in the same way as for bacteria,
with a suitable medium in the form
of a jelly put in sterile bottles and
dishes containing nutrient sub
stances of organic and inorganic
nature. A sample of foetal kidney
cells to be cultured was inoculated
on to this jelly and kept at con
stant temperature, so that the cells
survive and reproduce to form a
mat of tissue on the surface of the
jelly. Dr Negroni, taking this
type of cell culture, infected it
with the bone marrow of the
patients suffering from leukaemia.
In a few experiments, the cultured
kidney cells began to wither and
die. The jelly containing such
an affected cells was dissolved in
salt solution and the solution
diluted up to million times was as



infective as the original, indicating
that a transmissible living agent
had been introduced into the cul
ture line. Electron microscopic
observations of the infected cells
showed virus-like particles. The
control cultures appeared healthy
and the affected cells showed
varying degrees of cytoplasmic
degenerative changes.

In addition to the above dis
covery, antibodies which neutralize
the virus action were found in the
blood of seven out of eight leukae
mia patients but not in patients
suffering from diseases other than
leukaemia. Attempts to produce
leukaemia in laboratory animals
by injecting culture of human
leukaemia virus were unsuccessful.
Another point of greater signi
ficance in Dr Negroni's work is the
identification of a naturally occur
ring' antiviral factor' in the blood
serum from calves which can inhibit
the growth of the virus.

Reports on the discovery of the
virus, however, do not mean that
the cause of leukaemia has com
pletely been found, excepting that
a significant progress has been
made in our knowledge of the
deadly disease [Brit. mcd. j.,
(1964), 927, 929].

Selenium cycle in nature

The occurrence of selenium cycle,
on the pattern of similar cycles for
carbon, nitrogen and sulphur, has
been postulated though it still re
quires to be confirmed on rigorous
experimentation. It has earlier
been demonstrated that bacteria,
fungi and higher plants, parti
cularly species of Astragalus (both
those that require selenium and
those for which such a need has
not been shown), metabolize sele
nate or selenite, the most oxidized
forms of selenium, to the level of
selenide. The biological syntheses
of various seleno-amino acids and
of the seleno-ether, dimethyl sele
nide, constitute evidence of at least
the first half of such a cycle. For
the remainder of the cycle, there
are indications in literature that
some microorganisms are able to
oxidize selenium of valence zero
to selenium of valence +6.

A selenium cycle can also be
Inferred indirectly from other in
formation. Selenium accumulator
plants always associated with semi
arid, seleniferous soils, biosynthe-
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size organic selenium compounds
and release these compounds when
they decay. If there were no way
to oxidize these compounds, one
would expect a gradual increase of
organic selenium, particularly in
these drier regions, but surprisingly
the selenium in these soils is
primarily inorganic. The absence
of organic selenium has been attri
buted variously to absorption by
plants, to leaching, and to cOIl\'er
sion into inorganic compounds;
but of the three possibilities only
one, absorption by plants, has been
adequately tested. The mounting
evidence that selenium is an essen
tial micronutrient also suggests
the existence of the cycle [Naturc,
Lond., 201 (1964), 1304].

Indian standard man

The physiological characteristics
including body fat content, skeletal
weight and pulmonary physio
logical norms such as breathing
capacity, breathing reserve and
lung ventilation' rate'of an average
Indian adult are being studied on
a comprehensive basis by the
Health Physics Division of the
Atomic Energy Establishment,
Trombay. The object of this study
is to evolve radiation protection
standards and to evaluate the
applicability to Indian population
of the safcty standards laid down
by the International Commission
on Radiological Protection (ICRP).
The ICRP calculations have been
normalized to a 'standard man'
in USA. As the physiological
characteristics of standard man in
USA and normal Indian adult
differ significantly in several res
pects, it necessitated the present
investigation.

The standards for radiation pro
tection recommended by the ICRP
are of two types - primary and
secondary. The primary stand
ards are the maximum permissible
doses (MPD) for the body as a
whole and for individual organs.
The secondary standards are the
maximum permissible body burden
(MPBB, body burden is the quan
tity in microcuries of radioactive
material in the body at a particular
time) and the maximum permissible
concentration (MPC) of radio
nuclides in air and water.

Data on total body weight and
of 12 different organs including
gonads, lungs and thyroid which

are sensitive to radioactivity were
collected frcm the post-mortem
cases from different parts of the
country. Studies revealed that the
MPBB values of the ICRP may
have to be scaled down by 20-44
per cent for a majority of radio
nuclides while for about 5 radio
nuclides the values may need an
upward revision by 29-30 per cent.
These are only tentative conclu
sions as other factors such as
variation in selective localization
of radionuclides in body organs,
turnover rates, quality and quan
tity of food consumed by respec
tive people have to be taken into
account before any modification
of the ICRP values could be
attempted. Since food is one of the
main media through which radio
nuclides enter the human system,
a countrywide survey of food and
feeding habits of various groups of
the Indian population has been pro
posed to be undertaken [Nuclear

'India, 2 (No.9) (1964), IJ.

Pr:ogress Reports

Central Mining' Research
Station, Dhanbad

The first regular annual report
of the station (1961-62) records its
diverse activities during the year
in the fields of mining operations,
safety and health, testing of stan
dard equipment and design of new
apparatus for specific and special
purposes. The industry. .and
government departments conti
nued to seek assistance from the
station for the testing of mine
helmets, flameproof equipment,
conveyor belts, detonators, safety
fuses and in testing and calibrating
anemometers and velometers. A
number of surveys of interest to
the industry have been conducted
on subjects such as mine gas
analysis, ventilation and lighting
in mines, dust sampling, etc.
Special mention may be made of
the technical assistance given to
the management of a big organi
zation in opening a mine closed
due to underground fire. This
was the first instance that such
extensive investigation on scientific
lines on underground fire has been
undertaken in India. The ~tation

extended cooperation to the Indian
Standards Institution in the pre
paration of a draft specification for
flameproof enclosures to electrical

403



J. SCI. INDUSTR. RES., VOL. 23, SEPTE~IBER 1964

equipment. An important event
in the station's activities during the
year was the holding, during 9-12
December 1961, of a symposium
on 'The mechanization of mines
in India', attended by an interna
tional gathering of 500 delegates.

Success has been achieved in
preparing a suitable reagent for
use in the carbon monoxide
detector tube and in the fabrication
of the apparatus. During the
development of physico-chemical
methods for the consolidation of
coal dust in underground mines,
a salt-cement mixture put on the
return-air roadway in the mines
has been tried. Cement pastes
having higher amounts of cement
than that corresponding to a salt
cement ratio of 5: 1 have been
found to sweat and remain moist
all the time. As the humidity
increases, up to a certain limit an
increase in the proportion of cement
in the mixture has been found to
be helpful. A rapid method based
on complexometric titration has
been developed for the analysis of
manganese ores; the only sepata
tion needed in the new method is
that of silica and the rest of the
elements (mainly Fe,' AI. Mn,
Mg and Cl) are estimated from the
silica-free filtrate. A ne\v method
for the determination of the effi
ciency of fans from wet bulb
temperature measurements has
been worked out and tested to
assess its applicability to mine
fans. The method has been found
to be satisfactory only if thermis
tors are used in place of Beckmann
thermometers for the measure
ment of temperature for the drift
and evasee of the fan. In the
direction of developing a resin
bonded mine roof bolt, trials with
an alkyd resin mixed with quartz
and styrene in the presence of
benzoyl peroxide as a catalyst
have given satisfactory results. In
the field of instrumentation either
installed, fabricated or tested, men
tion may be made of: (1) a fluid
network analyser which consider
ably reduced' the time spent on
solving network problems of mine
ventilation; (2) an X-ray diffrac
tion unit Crystalloflex III; (3) a d.c.
amplifier for measuring weak photo
electriccurrents;and (4) anautomatic
control for regulating exposure tim
ing in photographic processing work.

Other subjects investigated at
the station are: size separation of
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mine floor dust, wetting character
istics of coal dusts, dust suppression,
corrosion of wire rope by pit water,
rock temperatures, performance of
cap lamps, explosives testing, etc.

National Scim&e Foundation,
USA

The thirteenth annual report of
the National Science Foundation
for the year ending 30 ] une 1963
lists the basic research programmes
sponsored by it in different scienti
fic di3ciplines besides presenting
a non-technical account of the
outstanding achievements in dif
ferent fields. Details are given of
the various fellowship programmes
in research and science education
supported by the Foundation. A
special section is devoted to the
programmes in the field of dissemi
nation of scientific information.
The funds made available for re
search activities amounted to $194
million out of which $ 117 were
spent towards research grants.
Also grants were given to research
facilities, to national research
centres and for other projects such
as Indian Ocean Expedition, Pro
ject Mohole, International Year of
the Quiet Sun and the US-]apan
Cooperation Science Programme.

Important research projects sup
ported in the field of biological and
medical sciences were directed to
wards understanding the life pro
cesses in plants and animals
organized under 8 different pro
grammes. The fields of study
wer'e those which would further
the knowledge of the molecular
basis of life, nature and action of
the genetic material and evolu
tionary studies, growth and
differentiation in all living organ
isms, mechanism' of cell organelle
differentiation in a variety of cells
and tissues, cell-virus interactions,
biochemical reactions involved in
the building'up and' breaking down
of the substances of cells and
organisms, research on the whole
organism and its organ systems,
including classical plant and animal
physiology, pathology, nutrition
and transport of material, investi
gation into the reactions between
the organisms and various features
of their environment, research on
human and animal behaviour and
the survey and collection of data of
all forms of life both past and
pre~ent.

In the field of earth sciences, an
electron probe by instruments to
determine the chemical composition
of individual minerals within a
rock makes it possible to elucidate
some of the fundamental charac
teristics of minerals. This is also
important in understanding the
genesis and evolution not only of
individual minerals but also of ore
deposits, rock groups anci segments
of earth crust.

Turbulent fluid flow, gaseous
pla~ma, expansive cements and
laser communication are some of
the diverse fields of research under
taken in the engineering sciences.
Results of fundamental importance
have been obtained from the study
of the forces that exist when there
is turbulent flow around a circular
cylinder as of those existing around
turbines, blades or airfoils.

In the field of physical sciences,
an important progress was achieved
with the discovery of a new particle
called the 'positive anticascade
particle' which was observed in a
hydrogen bubble chamber exposed
to antiprotons from a 33 billion
electron volt accelerator. A major
contribution in the field of algebraic
geometry related to the demons
tration that the singularities of an
algebraic variety can always be
resolved in a higher dimension
thus proving the possibility of
resolving singularities of algebraic
varieties in the three previously
known cases and in all higher
dimensions.

Some significant research deve
lopments in the fields of biological,
astronomical and atmospheric
sciences have also been reported
during the year. So far it is only
known that the specificity of an
enzym~ is dependent at least
in part on its three· dimensional
(tertiary) configuration, having an
infinite number of possible tertiary
structures. The demonstration
that tertiary structure of some
proteins is self-determined by the
primary structure is a basic dis
covery. The spatial arrangement
of the secondary structure of the
helix formed from primary se
quence and the unique position of
amino acids in the primary struc
ture causes a further folding of the
helix into the truly unique three
dimensional configuration of any
particular protein. The predic
tion of operon theory that a sin/!le
element coordinates the activities



of adjacent structural genes has
been confirmed by the finding
that the activities of 8 genes in
volved in the pathway of histidine
biosynthesis constituting an operon
are controlled by a single operator,
histidine, which is the end product
of the biosynthetic pathway.

Investigations into the anti
body-antigen interactions have
revealed that the structure of the
antibody is related to its function
of combining and immobilizing the
antigen. Chinese hamster em
bryonal cells have proved to be a
suitable medium for investigation
of mechanism by which tumour
inducing viruses transform normal
into malignant cells, as Chinese
hamster cells are much more stable
in their chromosome numbers than
those of other widely studied
species. An important investi
gation undertaken in the field of
a~tronomy has been the first
scientific flight of Stratoscope II, a
balloon-borne 36 in. telescope, to
study the. infrared radiation from
Mars. Observations were made
from a height of 80,000 ft above the
earth while pointing and focusing
operations were carried on by
remote control from the ground.
The studies have revealed that
)Iars is almost completely lacking
in water vapour and possesses a
sizeable measure of carbon dioxide.
A second flight to study the in
frared radiation of Jupiter and
certain red giant stars has also
been carried out.

A new theory ha.~ been put
forward to explain the origin of
sporadic, low frequency emissions
from Jupiter while a new device
which responds to light polarized
only in a particular way has been
developed which permits day-time
observation of light (air glow)
radiating from high atmosphere.
Until recently this observation
could ,be made only in the night
time. Also this development
makes use of the fact that light
originating from reactions in the
high atmosphere is not polarized
and the unwanted scattered light
is polarized.

Mellon Institute

During the year 1963, the Insti
tute celebrated its Golden Jubilee.
The fiftieth annual report contains
a review highlighting the Insti
tute's progress during the past
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fifty years in the fields of chemistry,
chemical engineering, physics, bio
logy and other related fields.
Functionally, the Institute, acentre
for both pure and applied research,
is also a training school for ad
vanced scientists and a clearing
house on specific scientific informa
tion.

The fundamental work in bio
chemistry undertaken during 1963
included structural studies of a
plant and a bacterial virus and use
of a new combination of immuno
logical and chemical techniques
to identify the active sites of
enzymes. Carboxypeptidase N
and an additional plasma enzyme,
possibly aminopeptidase, have bem
found in blood plasma that in
activate the hypotensive peptides,
bradykenin and kallidin.

In the field of polymer chemistry,
work has been undertaken to devise
methods for expressing and measur
ing the statistical distribution of
chain lengths and of diastereo
chemical structures characterizing
the macromolecules in a given
product. An approach to this
problem has been suggested which
is applicable to the products of
homogeneous anionic polymeriza
tion of ot-olefins.

In the study of the phosphine
complexes the occurrence of a
square planar-tetrahedral iso
merism in certain nickel· com
plexes has been established and
new metal compounds containing
four-membered heterocyclic rings
have been developed. A unique
chemical system capable of
carrying molecular oxygen or hy
drogen has been discovered as
manifested in the synthetic transi
tion metal complex [Ir(CO) (PhaP)al
which, in solution, takes up one
molecule of either gas per metal
and releases it under reduced
pressure. The adsorbed oxygen or
hydrogen can be conveniently
stored by isolating the oxygen or
hydrogen adduct as crystals that,
at ambient temperatures, are stable
in air or in vacuum.

The structures of tetraphenyl
silicon and tetraphenyl tin have
been refined by full-matrix least
squares technique using anisotropic
temperature parameters for all
atoms. In both the compounds
the disposition of the phenyl groups
about the central atom deviates
significantly from a hitherto suppos
ed regular tetrahedral arrangement.

The work on radiation chemistry
included electron spin resonance
studies oj radicals prcduced by
irradiation of liquid hydrocarbons
which has provided some interest
ing structural and kinetic results.
Of special interest is the demons
tration that the vinyl radical is
non-linear and undergoes inversion
at a frequency of approximately
108 sec.-1 . This geometrical form
implies that the electronic con
figuration of this radical is such
that the electron resides for the
most part in sp orbital rather than
in a p orbital as in most other
radicals. .

A seven-step synthesis of the
pseudo-aromatic hydrocarbon,
hexaphenylpentalcne, has been
accomplished. This represents the
first successful synthesis of a pen
talene system free of property
obscuring fused rings. This brown
green crystalline hydrocarbon is
stable as a solid but air sensitive
in solution. It undergoes an un"
usual two-carbon ring expansion
with dimethylacetylene dicarboxy~

late to form a fully substituted
azulene. .

In the field of metal physics a
low temperature calorimeter for
work in the range of liquid helium
temperatures has been assembled
which permits the measurement of
electronic specific heats of alloy
systems based on noble metals.
A quantitative metallographic
study of taemite and kamaeite
phases in five octahedrite meteo
rites resulted in the evaluation of
the approximate lowest tempera~

tures at which equilibrium existed
in astroidal bodies from which
these· metals may have originated.

Dr K. Ganapathi

Dr Krishnamurthi Ganapathi
has been appointed Director of
the Regional Research Laboratory, .
Jammu. Born on 18 August 1911
in Tanjore dist. (Madras State),
Shri Ganapathi received his early
education in Madras State and
after a brilliant academic record
obtained the M.Sc. degree in
organic chemistry from the Anna
malai University. During 1934-39,
he carried out research on 'Ter
penes and the chemotherapy of
tuberculosis' at the Indian Insti
tute of Science, Bangalore, leading
to the D.Sc. degree of the Madras
UnivHsity. Subsequmtly, as a
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• The Second I nternalional C01l- '

ference on Lead is being organized
by the Lead Development Asso
ciation of London on behalf of
the European Lead Development
Committee and will be held in
Holland in October 1965. The
conference, lasting three days,
will have a programme comprising
technical sessions and works visits
in Holland, Belgium and Germany.
The technical sessions and works
visits will be divided into three
groups dealing with (1) Cable
sheating, covering the production
and performance of lead and lead
alloy cable sheaths; plant and
equipment; recent research and
development; testing, quality
control, standardization, etc.;
(2) Batteries, covering the fabrica
tion and properties of grid alloys;
development and performance of
batteries for specific uses (e.g.
aircraft, traction, etc.); and recent
developments in commercial appli
cations; and (3) General appli
cations of lead, covering recent
developments, special products,
established and new uses, e.g.
dispersion strengthened lead, lead
for sound attenuation, fibre re
inforced lead, continuously cast
and reinforced lead sheet, water
thinnable paints, organo-lead com
pounds, lead-coated steel, etc.

Brief outlines of papers intended
for presentation at the conference
should be submitted before the end
of October 1964 to the Lead Deve
lopment Association, 34 Berkeley
Square, London W.I, or the Indian
Zinc/Lead Information Centre, 5A
Lord Sinha Road, Calcutta 16.

Announcements

• A Symposium 011 the 11IIpact of
Mendelism on Agriculture, Biology
and Medicine is being organized by
the Indian Society of Genetics and
Plant Breeding from 15 to 19
February 1965 at the Indian Agri
cultural Research Institute, New
Delhi, to commemorate the Silver
Jubilee of the Society and also the
centenary year of Mendel's find
ings. The subjects for discussion
at the symposium are: (1) Mendel
ism and evolution, (2) <;ene-

Committee of Bihar State. He tic recombination, (3) Mutation,
worked as Mining Engineer and (4) Gene function, (5) Genetics and
First Class Mine Manager in the plant breeding, (6) Human genetics,
Jharia coalfield during 1942-46. and (7) Teaching of genetics.

He was awarded the Ph.D. Distinguished foreign Professors
degree in Mining by the Leeds H. J. Muller, G. W. Beadle, J. F.
University in 1949. During his' Crow and G. L. Stebbins (USA),
stay at the University, Dr Sinha A. Gustafsson and A. Muntzing
visited a large number of Euro- (Sweden), J. B. Hutchinson (UK)
pean mines to carry out his and H. Kihara (Japan) are being
investigations. invited to participate and deliver

After working as Mining Re- special lectures at the symposium.
search Engineer in the mining Members of the Society who wish
industry for over ten years, Dr to contribute papers may send the'
Sinha joined the Central Mining abstracts of their papers not ex
Research Station in 1960 as ceeding two typed pages in length
Officer on Special Duty. He has to the Secretary, Indian Society of
taken keen interest in initiating Genetics and Plant Breeding,
research projects of immediate Indian Agricultural Research Insti
need to the mining industry of tute, New Delhi 12, by 1 October
the country and providing techni- 1964.
cal information services to the
industry.

Dr Sinha has published over
fifty research papers in Indian
and foreign journals on various
subjects like stowing, mine work
ing, strata control, mine fire,
mining research, underground
gasification. He has received
several awards, medals and prizes
in India and abroad for his re
search work.

He attended the International
Conference of Directors of Mining
Research Institutes in Poland in
1961 and the Third International
Mining Congress in Austria in
1963. He acted as the Chairman
of one of the technical sessions
of the congress.

Dr Sinha has been the President
of the National Association of
Colliery Managers (India) and
Vice-President of the Mining,
Geological and Metallurgical Insti
tute of India and Indian Mine
Managers' Association. He is a
member of the Institution of
Mining Engineers, London.Dr K. N. Sinha

Dr K. N. Sinha has been
appointed Director of the Central
Mining Research Station, Dhanbad.
Shri Sinha (b. 1916) took the
B.Sc. degree of the Patna Univer
sity in 1935 and first class diploma
in Mining Engineering of the
Indian School of Mines, Dhanbad,
in 1939. He obtained the Mine
Surveyor's Certificate of Com
petency in 1940 and First Class
Mine Manager's Certificate of
Competency in 1942.

In 1940, he served as Secretary
of the Coal Industry Reorganization
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Lady Tata research scholar (1936
39) he worked on the chemo
therapy of bacterial infections,
particularly on the synthetic drugs
of the sulpha group.

Dr Ganapathi joined the Haff
kine Institute, Bombay, in 1939
and built up the Department of
Chemotherapy. His special fields
of study in the Institute included
the synthesis and testing of sulpha
drugs, antimalayials and bio
chemistry of antibiotics. During
1944-48, Dr Ganapathi worked
on the production of penicillin
on a laboratory scale and was
responsible for the drawing up of
plans and proposals for the
establishment of a national
penicillin production centre which
later carne up as the penicillin
factory at Pimpri. In 1953, he
joined, on deputation from the
Bombay Government, the Hindus
tan Antibiotics Ltd, Pimpri, as
Director of Research and was
responsible for the planning and
setting up of its research labora
tory. In 1958, he was Works
Manager of the factory. He
rejoined the Haffkine Institute as
Assistant Director in 1959 and was
engaged on chemical-microbio
logical studies.

Dr Ganapathi has been keenly
associated with the scientific
workers movement in the country
since its inception and has served
in various capacities in furthering
the movement through the Associa
tion of Scientific Workers of India.

Dr Ganapathi was elected a
Fellow of the National Institute
of Sciences of India in 1946 and
of the Indian Academy of Sciences
in 1951. He has published. over
100 research papers and has 15
patents to his credit.
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ELECTROLYTIC ANALYSIS
APPARATUS

with stationary electrodes and magnetic stirring

The use of magnetic stirring in electrolytic analysis appara
tus has many advantages. Increased effIciency of agitation
enables I g of copper to be deposited in 20 minutes com
pared with 30 minutes taken in conventional apparatus.
The space above the apparatus Is left clear except for the
electrode holders and spray during agitation is reduced to
a minimum due to the absence of moving parts. The
apparatus consists of the analysis unit which contains the
stirrer and hotplates and the rectifier unit providing d.c.
supply.

ANALYSIS UNIT

The one-test analysis unit is bench mounted but the multiple
unit for three tests is designed to stand on the correspond
ing rectifier unit. The anal)'sis unit base Is of rustproofed
steel. finished in grey enamel. Inside this base are fitted
the magnetic stirrer. speed control and energy regulator
for the 5 in. diameter hotplate which is supported on the
top of the base. The electrode holders. which are adjust
able for height. are fitted on stainless steel tubes at the
rear of the apparatus.

RECTIFIER UNIT

This consists of selenium full wave rectifiers and double
wound transformer in' a ventilated metal case finished in
stoved enamal. An ammeter and voltmeter are fitted in
each circuit together with mains fuses and switch. and a .
variable resistance. Output to each circuit is 12 V. 7 A.

Technico House, Christopher Street
LONDON E.C. 2

Accredited Agents

MARTIN & BARRIS (PRIVATE) LTD.
(SCIENTIFIC DEPARTMENT)

SAVOY CHAMBERS, WALLACE STREET, BOMBAY I
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HONEYWELL
VISICORDER

OSCILLOGRAPH
world's most versatile instrument
for the simultaneous recording of

a number of fast changing variables
MODEL. 1012

MODEL. 140$ MODEL 906 MODEL. 1612

Available in several models, from 6 to 36 channels,
DC to 5,000 cis response, over 50,000"/sec
writing speed, The 36-channel 1012 & the 1612
are the most sophisticated instruments in the line.
The 1108 is a. highly capable 24-channel model.
The 1508 is a compact 24-channel instrument
that takes only 7' of vertical space in a relay rack
and is also suitable for bench use. The 906 handles
either 8 or 14 channeis and the 1406 provides
upto 6 channels at the lowest cost per channel. MODEL 1108

I
I

l:IIDID
~

i.-.-:-.

II MODEL 1508

~,m.=W'~
PSaS.HI./O

Sold and serviced in India exclusively by

Honeywell

Get complete details (ram BLUE STAR ollices at:
Connaught House, Connaught Circus, New Delhi 1

6and Sox House, Annie Besant Rd., Bombay 18
7 Hare Street, Calcutta 1

23/24 Second Line Beach, Madras 1
18 Kaiser Bungalow, Dindli Road, uamshedpur

7J77A Tilaknagar. Kanpur

rJ BLUE STAR
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INTERNATIONAL
ATOMIC ENERGY AGENCY
KARNTNER RING II, VIENNA I, AUSTRIA

B,ooks on Peaceful Uses of Atomic Energy

RADIOISOTOPES IN HYDROLOGY

Proceedings of an IAEA symposium held in Tokyo, March 1963. Subjects include water tracers, flow and course changes in rivers.
flow and stratification and age of ground water, and silt movement in rivers and harbours.

~S9 pages (1963)

ISOTOPE TECHNIQUES FOR HYDROLOGY

Sales price: 54s. stg., US S 9.00

Report of a panel convened by IAEA in Vienna, December 1962. Contents: Ground-water dating techniques; Short-term
ground-water tracing; Field experiments: Som~ specific ground-water problems; Surface-water application; Health and safety
guides in isotope work; Conclusions and References.

36 pages (19M)

APPLICATION OF ISOTOPE TECHNIQUES IN HYDROLOGY

Sales price: 6s. stg., US S 1.00

Summary report of the meeting of a panel of experts who met at IAEA Headquarters, Vienna, November 1961. It emphasizes
technical matters, bringing knowledge of isotope techniques to hydrologists and of hydrology to isotope engineers. Subjects
include radiotracers, stable tracers, ground·water dating, and tracing methods.

31 pages (1962)

RADIOISOTOPES AND RADIATION IN ENTOMOLOGY

Sales price: 6s. stg., US S 1.00

Proceedings of an IAEA symposium held in Bombay, December 1962. Papers deal with radioisotopes as tracers, radiation studies
and insect problems in tropical countries. Contents: Ecology and general biology; Labelled insecticide studies; Studies on
insecticide resistance; Insect physiology and biochemistry; Studies on feeding behaviour; Direct effects of radiation; Using
insects against themselves; Some insect problems in tropical countries.

xii + 307 pages (1962)

RADIOISOTOPES AND IONIZING RADIATIONS IN ENTOMOLOGY

Sales price: 39s. stg., US S 6.50

A listing of ISn" references compiled from the open literature for 1950-1960. The book is divided broadly into two parts
(radionuclides, radiation), and within each part references are grouped by subject. Extensive subject index included.

~I~ pages (1963)

INSECT POPULATION CONTROL BY THE STERILE·MALE TECHNIQUE

Sales price: 48s. stg., US S 8.00

This report by a panel of experts convened in October 1962 in Vienna by IAEA, edited by Dr. A. V. Lindquist, discusses the
various aspects and applications of the sterile·male technique, assesses its usefulness as well as its current shortcomings and
contains suggestions regarding future lines of action.

60 pages (1963)

RADIOISOTOPES IN SOIL·PLANT NUTRITION STUDIES

Sales price: 9s. stg., US S 1.50

Papers presented at a symposium jointly organized by IAEA and FAO in Bombay, February-March 1962. Contents: Soil chemistry
and physics; Ion uptake and translocation; Biological measurement of soil characteristics; Fertilizer usage.

~61 pages (1962) Sales price: 54s. stg., US S 9.00

A publications catalogue available free on request

Books may be ordered from:

INTERNATIONAL ATOMIC ENERGY AGENCY, Vienna 1, Austria
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THE TEST OF EXCELLENCE. Consistently high quality and
unfailing reliability-tested and proved time and again in laboratories all
over the world! These make

BDH LABORATORY CHEMICALS the first choice In all
Important analytical work. BDH Laboratory reagents, 'AnalaR' chemicals,
microanalytical reagents, testing outfits, stains, etc. today playa vital role in
Industry, education, medicine and research.•Recent BDH booklets,
available free on request, include "Biological Stains and Staining Methods",
"Su<~ar Phosphates and Related Substances" _!

BRITISH DRUG HOUSES (INDIA) PRIVATE LTD.
LUloralory Chemicals Division. 8 Graham Road. Bomba, 1
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Over twenty years' proved
performance

(INDIA MADE)

X-RAY DIFFRACTION
APPARATUS

complete with

MAC H LETT Shockproof Beryllium
Window Sealed Tubes of different

Target Materials

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

•
MACHINE already incorporates voltage com

pensator to compensate plus or minus
15 volts supply change

Electromagnetic. Electronic. Servomechanical
or Chemoelectrlc STABILIZER can be added
to the filament circuit or to the entire

MACHINE for further STABILIZATION

CAMERAS of various types can also be
supplied for the MACHINE

•
also

X-RAY PLANT FOR BIOLOGICAL
RESEARCH & INDUSTRIAL RADIO

GRAPHY & HIGH TENSION
TESTING SETS

•
DELIVERY EX-STOCK

NO LICENCE REQUIRED

Further details from

SCIENCE EMPORIUM
Manufacturers of

LAMP BLOWN LABORATORY GLASS

APPARATUS AND GRADUATED GLASSWARE

OF PYREX AND OTHER HEAT RESISTING

GLASS

•
Supplier.s of

Chromatographic Chamber with Acces

. sories, Scientific Instruments and all

kinds of Laboratory Wares for Colleges.

Research Laboratories. Ind ustrial Fi rms,

Hospitals. etc.

39/A CANAL WEST ROAD
CALCUTTA 4

Insist on P.S.I. Brand
PYREX Glass Apparatus

for

Testing of PETROLEUM AND
ITS PRODUCTS

Testing of FUEL GAS ANALYSIS
METHOD

Testing of OXYGEN AND
ACETYLENE METHOD

QUICKFIT GLASSWARES
&

SINTERED GLASSWARES

Manufactured by

Paul's Scientific Industries
3/1-G Chidam Mudi Lane

CALCUTTA 6

RADON HOUSE
PRIVATE LIMITED

89 KALIGHAT ROAD

CALCUTTA 26

JSIR-·SEPTEMBER 196-4

Gram: PAULSCIEN Phone :55-5830
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PERFORMANCE-PROVED
PERKIN-ELMER
ANALYTICAL INSTRUMENTS

ModeIIOO-New,low,Colt,
High·Porformance Gal
Chromatograph. Dual
columns and differentiaillame
ionization detector provide out·
standing baselina stabilily and
highest sensitivity in tempera
ture programmed analyses.

Model 202-Economy
Priced UV - VIS Spectro
photometer. Range 190 to
350 m Il in the UV and 350 10
750 m Il in the visible. Has
excepiional resolution, reo
producibility and photometric
precision.

Model 350-For Advanced
Capability in the Far Ultra·
violot. In its broad range from
175m pintheUVt02.7 I'inlhe
NIR. it offers resolution and re
producibility that's unexcelled.

Model 237 - High
Resolution, yet low.Cost,
Grating Infrared Spectro.
photometer. Range 2.5 to
16 p. Also Model 337-Range
2.5 to 25 p. em'! presentation
alternatively available for both
models.

Ask for free literature

PERKIN-ELMER

Model 303-Atomlc Absorp
tion Spectrophotometer.
For easy analysis of metallic
trace elements in compounds,
blood, urine, tissue, plant and
animal samples. Detects con
centration below 1 ppm in
most metals.

Model 421 -Infrared
Spectrophotometer. Out
standing for high grating
resolution and flexibility. Offers
uninterrupted scan from 2.5 to
18 p. Also available Model 52t
-Range 2.5 to 40 p.

Sold and serviced in India exclusively by

rJ BLUE STAR

Get complete deto;', (rom BLUE STAR office, at:

Connaught House, Connaught Circus, New DeIhl'
Band Box House, Annie Besant Rd., Bombay 18.
7 Hare Street, Calcutta 1
23/24 Second Line Beach, Madras 1
18 Kaiser Bungalow. Dindli Road I uamshedpu,.
7/77A Tilaknagar, Kanpur
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PLATINUM
LABORATORY
APPARATUS

••
Replacement of damaged Platinum
apparatus undertaken. Any article in
Platinum made to specifications fuml
shed. All items are generally available
from ready stocks.

CRUCIBW *
DISHES *
WIRES *

SPATUlA( *
SPOONS *

BOATS *
fiLTER CONES *

ftPPED FORCEPS *
nPPED TONGS *

nlANGW *
WIRE GAUIf *

FOILS *
WmODES * All items manufactured

from -Special Platinum'

RAVI N DRAA H~:~:d~::S
~

•

........u WORL.I, BOMBAY-' e (INDIA) Gram ,"CRUCIIL..
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Read
and
Advertise

in

~©n~~©~

[;l~LP@[;l~~rn

a CSIR

Monthly

Publication

A34

Varieties of Precision
Microscopes Suitable (or
School and College
laboratories.

MGtt"faetllrint "O,fOmme <IIso includes;

Microscopes. Laboratory. Research,
Stereoscopic. Meuurinl and
Polarisin,.
Comparators, Spectrometers.
Astronomical Telescopes. etc.

il' INSTRUMENT RESEARCH
~ LABORATORY LTD.
309. Bepin Behary Glnguly Street. C.lcutt.-12
Grlm: INRELABTRY • Phone: 22·3060

•

SCIENTIFIC INSTRUMENT MFG. CO.
3.SASTITALA ROAD CALCUTTA-II.
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S. H. KELKAR & CO. (PRIVATE) LTD.
DEVAKARAN MANSION, 36 MANGALDAS ROAD

BOMBAY 2

Gram: 'SACHEWORKS '. BO~lBAY-DADAR

Manufacturers of

NATURAL ESSENTIAL OILS, AROMATIC CHEMICALS, RESINOIDS

& WELL-KNOWN 'COBRA BRAND' PERFUMES, USEFUL

FOR ALL COSMETIC & TOILET PRODUCTS SUCH

AS HAIR OILS, BRILLIANTINES, SOAPS,

AGARBATTIES, FACE POWDERS, ETC.

FOR SAMPLE AND. PRICE, PLEASE WRITE TO THE ABOVE ADDRESS

SETT & DE
16 Ganesh Chandra Avenue

Calcutta 13
Phone: 23-9588

- manufacturers of
MOVING COIL" MOVING IRON TYPE VOLTMETERS, AMMETERS (PORTABIJE ..

SWITCHBOARD TYPES), RESISTANCE BOXES, P.O. BOXES (PLUG ..

DIAL), G.P.O. DETECTORS, EXTERNAL SHUNTS, RHEOSTATS

A.C./D.C. CONVERSION EQUIPMENT, ETC. ETC.

for

LABORATORY AND INDUSTRY

OUR SERVICE DEPARTMENT IS ALSO AT YOUR DISPOSAL
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"BLUE-STAR" Micro SlideS & Cover Glasses ar8
manufactured out of selected, special quality
non-corrosive and-colourless OPtically-fiat glaSs.
Theyere-

• Uniform In length. Width, and thlckn....
• Non.Foggy, Non-Corrollve and packed In controll.d condltfon.
• PolI.hed edge., Pre-cleaned and reedy for u...
• Mede from IIlected gl..e to .lImlnat. Strllt, Bubbl...

Scratch.. and other deflctl.
• Sliitable for II" IInder any climatic conditions

all over the world.

Manufactured in Indio by:

POLAR INDUSTRIAL CORPORATION
Shree Laxmi Woollen Mills Compound, Off. Haines Road
Mahalaxmi, BOMBAY II Phone: 71937

tj)f/ouu! tk- 1J84t by tQeIttj7ed-
POLAR'S

BLUE-STAR
MICRO SLIDES Be
COVER GLASSES

e
Agents & stockists wanted all over India

We manufactOre
.. 'PINCO' Gas Plant, Burners, Taps
• Incubators: Hatching & Bacteriological
.. Thermostatic Baths, Ovens & Hot Plates
• Vacuum Pumps, Ovens & Stills
.. Laboratory Shakers & Stirrers
.. Autoclaves & Sterilizers
.. Automatic Distilled Water Stills
• Glass Density Apparatus
• Physical. Chemical & Biological Apparatus,

Models & Charts
etc. etc. etc.

'PINCO' GAS PLANT
for Educational, Research and Industrial

Laboratories, Hospital and also for cooking purpose

We repair
.. All types of Optical, Mechanical, Electrical,

Electronic & Survey Instruments

PRECISION INSTRUMENT CORPORATION (INDIA) PRIVATE LTD.
46 DHARAMTALA STREET, POST BOX No. 8905, CALCUTTA 13

Tele,ram:
PINCO. CALCUTTA

Telephone:
14·3171
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ELECTROLYTIC
CONDUCTIVITY

EQUIPMENT
Electrolytic Conductivity Solu Bridges, Indicators, Recorders and Controllers • Soil
Moisture, Salinity and Fertilizer Testing Equipment. Concentration Indicators and
Controllers for acids, alkalies, detergents, electroplating rinses, etc. Gas a.nd Steam
Analyzers. Continuous S,ugar Detectors. Dissolved Oxygen Analyzers

Self-balancing Conductivity Indicator

Soli Mollture Meter

~ Industrial Instruments Inc.
WU.S.A.

Sold and serviced In India exclusively by

C BLUE STAR

ISIR-$EPTEMBER 1964

Solu Bridge Conductivity Meter

Portable Conductivity Recorder

Get complete detoils f,om BLU. STAR ofl;cos at:

Connaught House, Connaught Circus, New Deihl 'I
Band Box House, Annie Be.ant Rd., Bombay 18

7 Har. Street, Calcutta 1
23/24 Second Line Beach, Madras 1

1B Kaiser Bungalow. Dlndli Road, Jamahedpur
7/77A TUaknagar. Kanpur
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e COUNCIL OF SCIENTIFIC & INDUSTRIAL RESEARCH

Journal of Scientific & Industrial Research - A monthly general science
periodical, replacing Journal of Scientific & Industrial Research: Section A
General

Indian Journal of Chemistry - A monthly research periodical devoted to the
pUbli~ation of original communications' in Chemistry, replacing the Chemistry
part of Journal of Scientific & Industrial Research: Section B - Physical Science$

Indian Journal of Pure & Applied Physics - A monthly research periodical
devoted to the publication of original communications in Physics, replacing the
Physics part of Journal of Scientific & Industrial Research: Section B - Physical
Sciences

Indian Journal of Technology - A monthly research periodical devoted to the
publication of original communications in applied sciences and technology
replacing Journal of Scientific & Industrial Research: Section 0 - Technology

Indian Journal of Experimental Biology - A quarterly research periodical
devoted to the publication of original communications of an experimental and
analytical nature in the field of biology in place of Journal of Scientific & Industrial
Research: Section C - Biological Sciences

Indian Journal of Biochemistry - A quarterly research periodical devoted to
the publication of orIginal communications in the field of biochemistry. replacing
the Annals of Biochemistry & Experimental Medicine, previously issued from
the Institute for Biochemistry & Experimental Medicine, Calcutta

SUBSCRIPTION RATES
INLAND

Annual subscription for individual periodicals
Annual subscription for all six period icals
Subscription for two years for all six periodicals

FOREIG~ (with effect from I January 1964)

RATE A: For Libraries, Government Departments and Industry
RATE. B: For iAdlvlduals who purchase the journal for their own use

Rs 15.00
Rs 75.00
Rs 120.00

£3.10.0 or $ 10.00
£ 2.5.0 or $ 6.50

A38

Publications &: Information Directorate, C8IR·
Hillside Road, New Delhi 12

SOLE DISTRIBUTORS OUTSIDE INDIA: PERGAMON PRESS
Oxford London Paris Frankfurt New York
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~
PRIME

EQUIPMENT
FOR THE

PRIME
INDUSTRY

Iron and steel making
is the prime industry

of the world's
most advanced countries,

We supply equipment
of prime quality

for steelworks ...
all made by

the world renowned
German firm of

PINTSCH BAMAG.

ISIR-SEPTEMBER 196<4

CBHL. ]0

• Steel Plants • Blast Furnace
Plants. Rolling Stock. Cranes
& Lifting Magnets. Water Con
ditioning Equipment. Inert Gas
Plants

PINTSCH BAMAG, A.G., WEST GERMANY

Sales Representatives:

MOTWANE
P-1tIYATE LIMITED
111 Mahl!lma Gandhi Road, Post 801 No. 1312 Bombay.,
Phone: 2S23Jl.Grams: CHIPHQN[' all offices' Branchn'al:
New Otlr.i, Cel(:ulla. lUCk"uw, t(anpuf. Madras and Dangelor••
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New CSIR Publications

LOW TEMPERATURE CARBONIZATION OF NON-CAKING
COALS AND LIGNITES AND BRIOUETTING

OF COAL FINES

Symposium: Volume I

Price Rs 35.00 Sh. 72 $ 11.00

In India, with large resources of weakly caking coals and limited resources of good quality
caking coals which have to be reserved for essentially metallurgical purposes, there is urgent
need for the establishment of large-scale low temperature carbonization (Lt.c.) briquetting
and gasification plants at different coalfields. Realizing this need, two pilot plants have
been in operation: one since 1954 at the Regional Research Laboratory, Hyderabad, and
the other since 1961 at the Central Fuel Research Institute, Jealgora.

The Regional Research Laboratory, Hyderabad, organized a symposium on low tempera
ture carbonization of coal during 20-22 November 196\ in order to take stock of the
results of the pilot plants and plan the future programme of investigations. A wide
cross-section of research scientists, coal technologists and industrialists and representatives
from several leading coal processing firms in UK, West Germany, and Japan took part
in the deliberations.

The papers contributed to the symposium covering the two main heads, Briquetting
of non-caking coal fines and Low temperature carbonization of non-caking coals and
lignites, along with the discussions held during the symposiom have been brought together
in the present volume.

Symposium: Volume II

Pages 348; Royal 8vo Price Rs 35.00 Sh. 72 $ 11.00

The second volume of the symposium on low temperature carbonization of non-caking
coals (Lt.e.) has been published. This volume contains papers and discussions on two sec
tions: Utilization of products of low temperature carbonization, and Survey. economics and
statistics of Lt.c. products. Of the total of 38 papers included, 32 relate to the utilization
of products of Lt.c. and the rest to survey, economics and statistics of Lt.c. products.

Both the volumes will be of great value to all those interested in the progress and
development of the low temperature carbonization and briquetting industry in the country.

Can be had from

THE S~LES & DISTRIBUTION OFFICER

PUBLICATIONS & INFORMATION DIRECTORATE, CSIR
HILLSIDE ROAD, NEW DELHI 12
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Announcing another CSIR publication

THE FLORA OF DELHI
by

DR. J. K. MAHESHWARI

Central National Herbarium, Indian Botanic Garden, Howrah

A flora of Delhi has long been desired. What has

been particularly desired is a flora which should cater not

only to the needs of the taxonomists but also be

usable by students and anyone interested in the study of

the plants of Delhi. Several attempts were made but none

before this was carried through to success and no compre

hensive flora of Delhi was published. The author has made

a survey of the flowering plants of Delhi and its environs,

and has incorporated the results of his exhaustive studies

in this book. Nine hundred and forty-two species of

indigenous, naturalized and cultivated plants under H9

genera belonging to 120 families have been described;

Bentham and Hooker's order of families has been followed

and botanical names have been brought up to date in

accordance with the latest International Code of Botanical

Nomenclature. Keys, based on easily observed characters,

have been provided to help identification of plants; local

and English names and uses of the more common plants

are given.

The Flora of Delhi is a reference manual for the identi

fication of flowering plants of Delhi. It is invaluable to

students, botanists and laymen alike.

Can be had from

Printed on offset paper,

royal 8vo, full rexine bound

•
Pa~es viii+447

•
PRICE

Inland: Rs 28.00

Forei~n: Sh. 56 or $ 8.00

THE SALES & DISTRIBUTION OF.FICER

PUBLICATIONS & INFORMATION DIRECTORATE, CSIR

HILLSIDE ROAD, NEW DELHI 12
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Contact Sole Selling Agents:

(DEALERS IN LABORATORY EQUIPMENT
OF EVERY DESCRIPTION)

'LAB-CHEM'

Gram: • Esvijack I

•
BOMBAY 59

ANALYTICAL BALANCES &
WEIGHTS

PEERBHOY MANSION

460 SARDAR VALLABHBHAI PATEL ROAD

BOMBAY 4

INDIA SCIENTIFIC TRADERS

for

INDUSTRIAL, RESEARCH & COLLEGE
LABORATORIES

Phone: 76336

Manufactured by

LAB-CHEM BALANCE WORKS

,0 P TIC A - I N TERN A T ION A L

79 GHOGA STREET, FORT, BOMBAY I

INTERNATIONAL
AGENCIES

RESEARCH MICROSCOPE

Instruments and Equipment for Education,
Research and Industry

Large and heavy stand with wide body tube suitable
for microphotography

Coarse and fine focussing arrangements

Mechanical stage semibuilt-in type of the latest design

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

Three achromatic objectives - lOx, 45x and IOOx oil
immersion

Two huyghenian eyepieces - 5x and lOx

i- - - J

RESEARCH MICROSCOPE Gram: 'SCIENAPP' Phone:_ 253751
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science and iechnolol>J'

O~FICE: 136. GIRGAUM RD.,lST FLOOR, aOMBAY.4. INDIA

POLYTRON/C CORPORATION
mass-pc -4

FOR ADVANCED RESEARC:~HHWHmHmg,~,~";;,gmHmHmEmg,,:,,,..

~i~,,;"";'Fo";":LECTRO MAGNE::'";""'J"ffi~li
11111 Type EM - 50 (2") 7,500 gauss mil

if"! R:: ~~--,~~ i:::1 :~:ggg ;::J~

..."",giHililHHii!HliiH1Egi"'''··
............ ...;::::mmg~:::::··

"::;::ll!l~Wml;:::::'"

HEATING MANTLES AND MULTI-MANTLES
for safe heating of inflammable liquids

Made ;n India from imported components_

Second to none in quality, performance as well

as appearance. Available ;n various sizes to

hold flasks from 50 ce. to 20 litres. Soxhlet

extraction stands, micro-Kjeldahl digestion units,

etc. Suitable energy regulators for the heating

mantles also available.

FROM READY STOCK

NO IMPORT LICENCES REQUIRED

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

Telephone: 62761 Telegram: • LABFURNISH', Bombay-Dadar

Branch Office: KAPASIA BAZAR, AHMEDABAD

SPJlF/1

jSIR-SEPTEMBER 1964 M3



MAGNET CHARGER

It is a high powered Magnet Charger capable of charging large Alnico Magnets. ceramic magnets. and
other materials requiring great peak magnetizing forces. It is designed. with its accessories. to charge
permanent magnets requiring up to 200.000 ampere-turns peak magnetizing force for saturation.

It is a capacitor discharge or impulse type of permanent magnet magnetizer.

Its power supply draws a maximum current of 10 amperes at 115 volts. 50/60 cycles. and charges the
200 (J.f storage bank in about 2 seconds. Its desk-like console arrangement is designed to make operation
easy and comfortable in a seated position.

Its protective circuits. controls and interlocks make the equipment safe for operation. maintenance and repair.

The magnetic bias supply of this model allows the maximum energy transfer capacity of this transformer
to be utilized. RFL Magnet Chargers are used by most major airlines and aircraft manufacturers through
out the world.

Hundreds of industrial and consumer product manufacturers use RFL Magnet Chargers for high volume
production charging and engineering and product development.

RADIO FREQUENCY LABORATORIES, BOONTON, U.S.A.

For further particulars, please write to:
SOLE DISTRIBUTORS

THE SCIENTIFIC INSTRUMENT COMP ANY LIMITED
ALLAHABAD BOMBAY CALCUTTA MADRAS NEW DELHI

Head Office: 6 Tej Bahadur Sapru Road, Allahabad
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Some Advantages of
English 'PYREX'

• Its low co-efficient of expansion
results in a high resistance to
thermal shock and also means that
articles can be made with a thicker
wall and therefore are mechanically
stronger.

• Its high chemical durability ensures
that the glass will not deteriorate and
will not contaminate contained media.

• 'PYREX' can be easily worked and
joined 'in situ' and can be rapidly
flame annealed.

English
'PYREX'O

Plan Your

Research

With Versatile

English
'PYREX'

Brand

This Algae Bank, made from
English 'PYREX' glass is being used
in research on the physiology and
biochemistry of microscopic algae.
Growing algae in laboratory culture
requires exact control of environ
mental conditions. The vessels in
which the algae grow must be
robust, chemically inert, transparent
and able to withstand sterilisation
by dry or wet processes. English
'PYREX' glass has all these
properties.

LABORATORY
& SCIENTIFIC

GLASSWARE

w* MADE IN ENGLAND BY JAMES A. JOBLING & CO. LTD., WEAR GLASS WORKS, SUNDERLAND

'.' AVAILABLE FROM ALL LEADING DISTRIBUTORS.

SOLE AGENTS.

LDGORDHANDAS DESAI PVT: LTD.
\) Equipment and instruments for all branches of science, technology and industry

KERMAN I BUILDING. SIR P. M. ROAD. BOMBAY·l BR

NO. 22, L1NGI CHETTY STREET, • p.] MISSION ROW EXTENTION.. 4/2 B, jWALA MANSION. ASAF ALI ROAD.
MADRAS· I CALCUTTA NEW DELHI

massfgdf',,!
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40 years

GORDHANDAS DESAI PVT.
LIMITED
BOMBAY MADRAS CALCUTTA

NEW DELHI

VEB Carl Zeiss '-'ENA
take pleasure in

extending cordial felicitations on

this auspicious occasion to their

Sole Agents for the whole of India

wishing them continued success

in their distinguished service to

Science, Technology and Industry

Birthplace and Centre of
Modern Optics
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BOMBAY. MADRAS. CALCUITA • NEW DELHI.

GORDHANDAS DESAI PRIVATE LIMITED

YEARS OF SERVICE TO SCIENCE, TECHNOLOGY & INDUSTRY
IN ASSOCIATION WITH VEB CARL ZEISS JENA (G.D.R.). AUGUST SAUTER KG. (F.D.R.). JAMES A. JOBLING & CO.

LTD. (U.K.). PRECISION SCIENTIFIC CO. (U.S.A.). MECHROLAB INC. (U.S.A.). HARVEY-WELLS CORPORATION

(U.S.A.). ELEKTROLABORATORIET (DENMARK). GENERAL BIOLOGICAL SUPPLY HOUSE INC. (U.S.A.). CAMBRIDGE

INSTRUMENT CO. LTD. (U.K.), THERMAL SYNDICATE LTD. (U. K.), H. REEVE ANGEL AND CO. LTD. (U. K.) -ETC.

mD
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Now! ... the newest in

FLUORESCENCE MICROSOURCE
EQUIPMENT

The complete line includes everything you need for the detection of natural
fluorescence or fluorescence induced by f1110rochrome stains; also antibody testing
or fluorescence photomicrography.

J
All elements are designed to work in perfect harmony with Bausch & Lomb

DynaZoom Microscope.

BAUSCH & LOMB "

Sole Agents

MARTIN & HARRIS (PRIVATE) LTD.
(SCIENTIFIC DEPARTMENT)

SAVOY CHAMBERS, WALLACE STREET, BOMBAY I

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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