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TWENTIETH YEAR OF OUR SERVICE

Indian Industry, Educational and Research Institutions
through

SCIENTIFIC & INDUSTRIAL INSTRUMENTS

TOSHNIWAL INDUSTRIES PVT. LTD,,
AJMER

Process Control Instruments and Electrical
Switchboard Instruments under licence from
Hartmann & Braun AG, West Germany

Physics Laboratory Instruments under licence
from W. G. Pye & Co. Ltd. and the British Electric
Resistance Co. Ltd., England

PH Meters under licence from Polymetron,
Switzerland

PRESTIGE COUNTING INSTRUMENTS
PVT. LTD., BOMBAY

Hand Tachometers under licence from Jaquet Ltd.,
Switzerland

Dial Gauges under licence from Compac Ltd.,
Switzerland

THERMOELECTRICS, MADRAS

General Laboratory and Heating Equipment

SCIENTIFIC & INDUSTRIAL
INSTRUMENTS CO., INDORE

Electronic Instruments such as Oscilloscopes
(12 models), Electro-Medical Instruments, and
Textile Testing Instruments developed by ATIRA,
Ahmedabad ’

Toshniwal

SERVES RESEARCH & INDUSTRY

TOSHNIWAL INSTRUMENTS, AJMER
Petroleum, Oil Testing and General Laboratory
Instruments

TOSHNIWAL INSTRUMENTS, MADRAS
General Laboratory, Chemical and Medical Instru-
ments

TOSHNIWAL-SPERRY LTD., DELHI

Industrial X-ray Equipment for non-destructive
testing under licence from Sperry Products Inc.,
U.S.A.

TOSHNIWAL INSTRUMENTS, BOMBAY

Electronic Instruments, Chemical, Biochemical and
Medical Instruments; Industrial Instruments

TOVAC EQUIPMENTS, MADRAS

Vacuum Pumps, and Vacuum and Pressure Gauge:
Testers

TOSHNIWAL INSTRUMENTS &
ENGG. CO., JAIPUR

Polarimeters, Refractometers, and Current Voltage
Transformers

TOSHNIWAL ELECTRODES MFG. CO.,
AJMER

pH Electrodes under licence from Gebr. Moller,
Switzerland

SOLD AND SERVICED BY

TOSHNIWAL BROTHERS PRIVATE LTD.

198 JAMSHEDJI TATA ROAD, BOMBAY 1

Branches at :

Kacheri Road 85A Sarat Bose Road
AJMER CALCUTTA 26

3E/8 Jhandewalan Extension
NEW DELHI 1

Round Tana, Mount Road
MADRAS 2
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For accurate electrical measurements

UNIVERSAL MEASURING INSTRUMENT
Type PK 5201

UNIVERSAL MEASURING INSTRUMENT ‘POLYMAJOR’

Type PK 5210

PRECISION PORTABLE METER Type PK 5400

JSIR—JANUARY (968

PHILIPS

Electronic
Instruments

Now freely available, a whole range
of Philips electronic measuring
instruments manufactured in India
to the highest international
standards. When buying test
instruments always specify Philips
and get -

e Incomparable Precision

o Full Overload Protection

e Long Trouble-Free Service

e Service Guarantee

All of which add up to top
performance and maximum
dependability. Moderately priced
Philips test instruments offer you
the greatest value for money.

PHILIPS

PHILIPS

Serve Science and Industry

PHILIPS INDIA LIMITED

Calcutta » Bombay « New Delhi ¢ Madras

JWT-PIT,5200 A

A5



REICHERT 7 THE GROWTH OF OUR “FAMILY"!

WHAT’S NEW?
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NEOPAN
The Teaching and
Laboratory Microscope

MONOPAN
The Students Microscope
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THERMOPAN
The Microscope For An
Analytical Chemist

|
.
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FLUORPAN
The Routine
Fluorescence Microscope

DIAPAN
The Research Microscope

COMPACT—ELEGANT—VERSATILE

Outstanding Instruments with the New Exclusive SIMULTAN focussing
concept that set the pace in microscope design for years to come.

All this in addition to the vast range of existing microscopes, microtomes
& accessories.

The right instrument for the right job for every customer.

Sold and Serviced in India by:
Exclusive Agents and Distributors

NEO-PHARMA INSTRUMENTS CORPORATION

Kasturi Bldgs., J. Tata Road, Bombay-1.
Technical Service Offices: Bombay - Calcutta - Delhi - Madras
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vvisoNe

there's a
ansons
equipment
for every
laboratory.

Designed to meet
the highest
International
Standards with

Bombay-25 DD.

their flawless e —
construction ® Incubators
and reliability e
of performance. ® Clamps
® Taps
® Tongs
. Lul;orator,
Jacks
Shakers
e Glass
§ Cutters
§ Pipett
\  Washers
\ e spatul
Manufactured by: | § Rack
GANSONS PVT.LTD., \ © stand
tndustry Manar, Off Cadell Road, § in
§ Tripod:
§

CHEMICAL

EXPERIMENTS
AND ANALYSIS USE

ANALYTICAL

REAGENTS
MANUFACTURED BY

* ¥ ¥ * % k¥ ok koK Kok K K Kk KK X

THE INTERNATIONAL
CHEMICAL INDUSTRIES

103:8. UPPER CiRCULAR ROAD (ACHARYA PRAFULLA CHANDRA ROAD) CAL-Q
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CENTRIFUGE

with the following accessories:

Various other ‘
models also

available J

THE ¢ ROTO SUPER Y An efficient HIGH-SPEED (6000 r.p.m.) LABORA-

TORY CENTRIFUGE with all the features of
Modern Centrifuge Engineering.

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

® Swing Head for 4100 ml. complete with shields of V2A steel and glass tubes
©® Reducing Insertion of 50 ml. cecmplete with glass tubes (fitting the swing head)
@ Multi-Carrier of 2X25 ml. complete with glass tubes (fitting the swing head)
@ Multi-Carrier of 4x15 ml. complete with glass tubes (fitting the swing head)

Literature and prices on request

B. PATEL & COMPANY

DIRECT IMPORTERS & STOCKISTS OF SURGICAL & SCIENTIFIC GOODS
27/29 POPATWADI, KALBADEVI ROAD, BOMBAY 2
Phones: 38689 & 39702

Grams : GLASALSORT

An invitation

Dr Brune Lange

PHOTOELECTRIC
NEPHETOMETER

For your needs in

Scientific and Laboratory Instruments,
Apparatus and Appliances
* PHOTOELECTRIC COLORIMETERS, RESEARCH MICRO-
SCOPES, pH METERS, ETC. * GLASSWARE * SILICA/
PORCELAINWARE * FILTER PAPER * CHEMICALS, ETC.
Quality products of repute—both Imported
and Indigenous

Available ex-stock Bombay
Please write for price list

SCIENTIFIC SALES SYNDICATE

Palkhiwala Building, 24 First Dhobi Talao Lane
BOMBAY 2

Telephone: 29160 Telegram: CENTROFIX

SP/BP

GRAM: : "ASHACOM® PHONE : 22855

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

6 Manufactured by
SCIENTIFIC EQUIPMENT
MFG. CO.

An associate of

ASHA SCIENTIFIC CO.

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

Interchangeable Laboratory
e
Glassware. ‘Our Speciality

WE SUPPLY COMPLICATED RESEARCH APPARATUS

A8
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PRESTIGE PRECISION PRODUCTS

MICROSCOPES

STUDENTS MEDICAL

DISSECTING

@ Manufactured in technical collaboration with
M/S BECK KASSEL, West Germany.
m Optics with German Beck Kassel lenses.

TECHNICAL INSTRUMENTS MANUFACTURERS (INDIA) PVT. LTD.
Shantinagar, Vakola, Santacruz East, Bombay-55.

] Selling Agents:

J.T. JAGTIANI

National House, Tulloch Road, Apollo Bunder, Bombay 1.

heros'-JTJ-12
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Announcing the publicatidn of

FLUIDIZATION AND RELATED PROCESSES
A Symposium

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

Contains twenty-seven papers distributed under five sections: (i) Fundamental Measure-
ments (2 papers), (i) Physical Interpretation and Momentum Transfer (9 papers), (iii) Mass
Transfer in Fluidized Beds (3 papers), (iv) Heat Transfer in Fluidized Beds (5 papers) and
(v) Chemical Reactions in Fluidized Beds (8 papers)

Pages xii+272, Royal 8vo, Rexine bound Price Rs 24.00, Sh. 48.00, § 8.00

INDIAN FOSSIL PTERIDOPHYTES

by
K. R. SURANGE

Director, Birbal Sahni Institute of Palaeobotany, Lucknow

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

Pages viii+210, Royal 8vo Price Rs 23.00, Sh. 46, $ 8.00

Copies available from

Sales & Distribution Section
Publications & Information Directorate, CSIR
Hillside Road, New Delhi 12
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Specify *‘AnalaR’ whenever you need analytical reagents. Ensure factory-packed,
effectively labelled, completely reliable materials for every analytical procedure in
your own laboratories. ‘AnalaR’ reag are not exp ive, working hours are.
Unrcliable results can be most expensive of all. For micro-analytical wark there are
B.D.H.“M.A.R." reagents, and for all general laboratory purposes some seven thousand
B.D.H. Laboratory Chemicals, with well over a thousand of them carrying printed
specifications of purity.

ALSO AVAILABLE Organic and Inorganic Laboratory Reagents. Biochemicals. Volu-
metric solutions for analytical use. ‘Alfloc’ Solutions for water testing. Indicator and
Test Papers. Stains and Staining Solutions. Indicator Solutions for pH measurements,

Labopatopy Chemicals British Drug Houses (India) Private Ltd:

Laboratoyy Chemicals Division, -
19 Wittet Road, Bombay 1

JSIR—JANUARY 1968 All
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WHY are multimeters referred to as Avometers? Because the
Avometer has maintained its leadership throughout the world over the last
40 years. The AVO Panclimatic AvometerModel 8 x Mark 1] is the ultimate
in technological sophistication.

AVONETER Model Bx Wark Ii

...the Ultimate in Multimeters

The Avometer for electrical, electronic, radio and television engineers. Has a unique
combination of comprehensive ranges and automatic overload protection, in addition to a
high degree of accuracy, reliability and simplicity of use.

**Panclimatised’ — Immune to unfavourable climatic conditions. Impervious to the ingress
of moisture. Fungus reslisting. Electrical leakage through and across mouldings reduced to
a negligible minimum. It conforms to 1.S. 1248/1958 for industrial portables.

Made in India by

THE MOTWANE MANUFACTURING COMPANY PRIVATE LTD,

Nasik Road (Mah htra), in technical collab ion with AVO Limited, U.K.
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The Avometer Model 8 x Mark 111 has these rellable features:

Protection — Automatic cut-out to protect inadvertent overloads and fused ohms circult.
The meter is flash tested at 6,000 volts.

Scales and Ranges — Four conveniently divisioned scales with anti-parallax mirror. You can
just twiddle the two big knobs to have over 30 calibrated ranges — 11 AC/DC current to
measure up to 10 amps, 15 AC/DC voltage— up to 2,500 volts —5 resistance up to 200 mega-
ohms and a 30 db power scale.

Sensitivity —20,000 ohms/volt DC, 1,000 ohms/volt AC.
Accuracy —1% t.s.d. DC amps, 2% f.s.d. DC volts, 24% t.s.d. AC amps and volts.

Frequency Response — Percentage deviation over 15 c/s to 15 kc/s is under 2% on AC
current or voltage ranges, and on 2.5 V AC range, under 4%.

Ohms-Zero — When using resistance ranges, ohms-zero controls are provided to allow for
deterioration in battery voltage.

Reverse-Polarity-Button — No need to change the leads for reversing current through the
moving coil. Just press the REV. M.C. button.

Discrimination — Electrical interlocking prevents meter reading when range switches are

setto AC and DC ranges simultaneously —thus the meter discriminates between AC and
DC sources.

Improved Temperature Coefficient — This makes possible measurements up to 400 amps
DC via a range of shunts.

Leads and Prods — Special high voltage Avo leads with interchangeable metal clips,
together with a pair of long reach safety clips (Mark-2), are provided.

Leather Cases with Shoulder Straps — (a) Standard case from which the meter has to
be removed before using, (b) Ever-ready case which enables direct reading trom the meter
without removing the case.

Sote Sales Distributors?

MOTWANE PRIVATE LIMITED

127, Mahatma Gandhi Road, Post Box No. 1312, Bombay-1 » Phone: 252337 « Telex: 456 CHIPHONE BY
Grams: ‘CHIPHONE' all offices.
Branches at: New Delhi, Calcutta, Lucknow, Kanpur, Madras and Bangalore.

cHMML. 7t
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THIS IS LEIPZIG

How will your industry look in a year, a decade, a century? You can see the trends and at the same time

evaluate the present at Leipzlg, the oldest and most comprehensive Trade Fair in the world. Leipzig brings

together all that's new from 70 countries in 60 dynamic trade sections. Leipzig is the established meeting place

of businessmen, scientists and technicians from both East and West. Leipzig, the International Trade Fair in

the German Democratic Republic, promotes unhindered world trade and speeds technical-advance.

Visit Leipzig, centre of international trade and forum of technical development.

Fair cards and information about travel LE' PZ|G TRADE FAIR

to Leipzig obtainable from

Leipzig Fair Agency, 3-12.3.1968 Technical Products
P.0.B. No. 1993, Bombay 1,

D-17, Nizamuddin East, New Delhi 13, and Consumer Goods

34-A Brabourne Road, Calcutta 1,

38, G. N, Chetty Road, Madras-17, 1-8.9.1968 Consumer Goods

or at the GDR state frontier. German Democratic Republic

CURRENT SCIENCE

The Premier Science Fortnightly of India devoted to the publication of latest

(Established 1932)
HEBBAL P.O., BANGALORE 6

advances in pure and applied sciences

Conducted by

THE CURRENT SCIENCE ASSOCIATION
with the editorial co-operation of eminent scientists in India

ANNUAL SUBSCRIPTION

India: Rs 16 Foreign: Rs 40; £ 2.00; $ 6.00

ADVERTISEMENT RATES
(per insertion)
Half page: Rs 60 Quarter page: Rs 40

Full page: Rs 100
Further particulars from

THE MANAGER, CURRENT SCIENCE ASSOCIATION
HEBBAL P.O., BANGALORE 6

Al4
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Colour-Chem CO everywhere!
o oot i it _

on your fabrics, colourful inks in your
magazines, pleasing paints in the interior
of your home, fascinating tapestry and the
attractive furnishings of your drawing room,
plastic balls in the hands of your children—
remember that COLOUR-CHEM, India's
leading makers of Pigment Colours, is very
much a part of your daily life.

COLOUR-CHEM LIMITED
221, Dadabhoy Naoroji Road,
Fort, Bombay-1

In direct participation with:
FARBENFABRIKEN BAYER AG.,
Leverkusen, W. Germany !
FARBWERKE HOECHST AG.  f
Frankfurt, W. Germany §
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TABLET
INSPECTION
BELT

This machine is specially designed for
100% Visual inspection of tablets from both
sides.Up to 100000 tablets per hour can
be inspected on this machine. Magnetic
Vibrator is provided for removing chips &
dust automatically. Speed of the belt can
also be adjusted, Ideal for Visual inspee-
tion of Tablets, Capsules, Confectionery
Sweets, etc.

Manufacturéd by

Prabhadevi Industrial Esmet
2nd Floor, Cadell Road.
BOMBAY-25 D.D.

Authorised ‘CORNING’
Distributors BOROSIL

LABORATORY GLASSWARE (at factory rates)

for ‘WHATMAN’

FILTER PAPERS & PRODUCTS

‘QUICO’

SURGICAL & SCIENTIFIC INSTRUMENTS
(electrically operated)

ALL THE COMMON RANGES & GRADES
AVAILABLE FROM READY STOCK

Details from

UNIQUE TRADING CORPORATION

221 SHERIFF DEV)I STREET, BOMBAY 3
Gram: *UNILAB' e Phone: 326227 & 326228
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@ GAS ANALYSIS APPARATUS

IMPORTERS &
MANUFACTURERS OF
SCIENTIFIC
GLASSWARES PEJ:IQUSTS
FROM y g 2!

PYREX GLASS.
SINTERED GLASSWARES

SCIENTIFIL

INDUSTRIE S

11. ULTADANGA ROAD. CALCUTTA -4

Announcing the publication of

ILLUSTRATIONS TO THE FLORA OF DELHI
by ‘
DR. J. K. MAHESHWARI

This volume is a supplement to the Flora of Delhi, published by the CSIR in 1963. It provides a set of 278 plates,
illustrating in line-drawings the same number of plants. Each plate depicts separate figutes of small parts, such as
spikelets, florets, seeds, etc., which are drawn on a magnified scale. The nomenclature of the plant is up to date.
Thirty-seven additional species are described in the introductory part. An adequate index is provided.

The volume is handy and has an attractive get-up. It will remain an ideal book of feference on the plants of Delbi
and its environs for many years to come. It deserves a place in your bookshelf.

Royal 8vo; Pages 282 xx Price Rs 28.00; Sh. 56 or § 8.00

Can be had from:

SALES & DISTRIBUTION SECTION
PUBLICATIONS & INFORMATION DIRECTORATE, GSIR
HILLSIDE ROAD, NEW DELHI 12

JSIR—JANUARY 1968 Al17
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GUARANTEED REACENTS = i
indicator papers

and solutions

MERGKOZONE

BULK VITANINS
C & B \

SORBITOL

manufactured

in collaboration

with E. MERCK. A.G.
Darmstadt, Germany

Sales Enquiries

SARABHAI MERCK LIMITED

Wadi Wadi, P.O. Box 80, BARODA |
Bombay Office:

P.O. Box 16555, BOMBAY I8
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INASIS N
DUF business ?

For highest accuracy from your analytical technique you
should always rely on JMC spectrographic materials.
Ask for our catalogue and price lists today!

Spectrographically Standardised Substances

Metals and compounds of the highest purity,
representing 70 elements, make up the JMC
range of spectrographically standardised sub-
stances. These substances are employed as
reference standards in qualitative spectro-
graphy and in making standard mixtures con-
taining known amounts of certain elements
for quantitative work. Electrode materials are
included in the range. Individual supplies of
each substance are accompanied by an
analytical report giving the level, in parts per
million, of each impurity detected in the batch.

Spectrographic Carbon and Graphite

JMC carbon and graphite products are available in various
grades of purity to meet all the exacting needs of the
spectrographer. Uniform high quality, both chemically and
in physical properties, is ensured for these materials by
stringent tests that are applied to all forms.

Spectrographic Flux

In the spectrographic analysis of ores, refractories and
slags, speed and increased accuracy are gained by fusing
the sample with a flux that breaks it down into a standard
form. JMC spectrographic flux, based on lithium boratg,
has heen developed specifically for this purpose.

Spectrbgraphically Standardised Substances

Available through:

Arora-Matthey Limited

166, Netaji Subhas Chandra Bose Road,
Tollygunge, CALCUTTA-40

Associated Instrument Manufacturers (India)

The Andhra Scientific Co. Ltd.,
4, Blackers Road, Mount Road,
MADRAS-2.

Private Limited,

JOHNSON MATTHEY CHEMICALS LIMITED, HATTON GARDEN,

JSIR—JANUARY 1968

Sunlight Insurance Buildings,
26-27 Asaf Ali Road, NEW DELHI

Raj-Der-Kar & Co.
Sadhara Rayon Hous2
Dr. D. Naoroji Road.
BOMBAY-1

The Scientific Instrument Company Ld.,
6, Tej Bahadur Sapru Road
ALLAHABAD-1

LONDON,

ENGLAND
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High-Voltage
Electrophoresis —
Something

in your line?

The answer is YES if any of these subjects are of interest
to you:

biochemistry, metabolic studies, analysis of amino acids,
peptides, proteins, analytical separations of low molecular
weight ions.

The “ finger print" pherogram depicted shows a typical
pattern of amino acid separation. Electrophoresis was carried
out in a CAMAG cell at 5000 V within |15 minutes.
Subsequent chromatography took about 4 hours.

This is a test typically performed in various Swiss Children’s
Hospitals where the CAMAG HVE system is used.

So many advantages of CAMAG’s HVE equipment derive
from its unique cooling system:

high performance (5000 V up to 200 mA, 125 V/em),

easy to operate, safe to use, continuous observation of
pherogram, and—even if money is no object—the economic
price will be appreciated.

Our new brochure HE-66 explains how these and other
advantages are built into the unique design. Also
background information on HVE and application data are given.

Write today for your free copy of brochure HE-66
to your local dealer or direct to CAMAG.

Chemie-Erzeugnisse und Adgsorptionstechnik AG

Homburgerstrasse 24
4132 Muttenz/Switzerland

Represented in more than 30 countries.
Our list of agents will be sent on request.

Instruments
Generally
Available
Ex-Stock

«B & L ‘SPECTRONIC-20’
SPECTROPHOTOMETER-CUM-
COLORIMETER

« CENCO HYVAC & OTHER IMPORTED
VACUUM PUMPS

» DR. LANGE'S FLAME PHOTOMETERS

e DR, LANGE'S & KLETT
PHOTOELECTRIC COLORIMETERS

« ABBE REFRACTOMETERS

o MICROSCOPES FOR COLLEGES AND
RESEARCH

o INDUSTRIAL FILTER PAPERS for filtration
of crude oil, diesel oil, petroleum oil,
transformer oils, etc.

SINGLE PAN ANALYTICAL BALANCES

ALL SORTS OF SILICA, PORCELAIN
AND GLASSWARES

For details and for ‘CAMAG’ catalogue
please write to

RATIONAL SALES ASSOCIATES

65-67 Sutar Chawl, Zavari Bazar
BOMBAY 2

Telephone: 327647
Telegrams: CREAMWOVE, Bombay

A20
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S\
Cauvery Brand

STABLE
BLEACHING
PONDER

§ otextile bleaching,
fl e water purification,

@ eenvironmental sanitation

NS

Mettur Dam R S.
Managing Agents:

THE METTUR CHEMICAL & INDUSTRIAL CORPORATION LIMITED

Salem Dist.

SESHASAYEE BROTHERS PRIVATE LIMITED

L e

i

"CRITERION-MC-370

Asha Scientitic Co., Bombay

B. Patel & Co., Bombay

British Drug Houses (India) Private Ltd.,
Bombay

Campbell Electronics, Bombay

Colour-Chem Ltd., Bombay

Current Science Association, Bangalore

CSIR Publications & Information Directorate,
New Delhi

Dr. Rao's Laboratory, Bombay
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Science in India— Some Aspects*

Role of Science in a Developing Country

E are meeting at a time when science is
gx/ on the threshold of a very exciting era.
Last year, for the first time, the opaque
atmosphere of Venus was pierced and man-made
instruments were landed on it. This achievement
is indeed exhilarating and the Indian scientists will
no doubt join me in congratulating the fellow
scientists responsible for this historic achievement.
This, however, strikingly reminds us that whereas the
problem in the advanced countries is how to land
man on the moon, the problem in the developing
countries is how to make man walk well on earth.

Why did Nehru give so much importance to
science in India? Why are we making substantial
investment in scientific and technological research ?
And why are we encouraging more and more scienti-
fic endeavours ? In short, what are the objectives
in our support to science ?

The consideration of these questions brings two
aspects to the fore; firstly, the value of science in
developing rational thinking and widening know-
ledge so essential for a society in transition; and
secondly, its economic and social significance.

Science and technology, which is sustained by’

science, provide us means for development of indus-
try and agriculture, give us knowledge and ability
to improve communications, endow us with better
health through eradication of diseasc and, in short,
give us a better standard of living. Science in the
contemporary world is an important tocl of human
well-being even as capital, labour and enterprise
were in the world of yesterday. Never before had
man so much knowledge and technique at his com-
mand for his well-being. It is this promise which
science holds for the people that makes it important.
Indian scientists, therefore, have the inalicnable
responsibility to contribute to the good of the
community. What else could be the function of
scientists in a developing society? The question
we should ask ourselves is, “ How near are we to
our people, and how relevant is our work to their
hopes and aspirations ? "’

Our research and development should be closely
linked and contribute to economic growth. Prof.
P. M. S. Blackett, President, Royal Society, London,
in his recent Nehru Memorial Lecture has very
appropriately said, ** The present poverty is so great
and the task of dealing with a rapidly rising popula-
tion is so formidable that almost everything must
be sacrificed to economic growth. Economic growth
is not everything; but today in India, it is almost
everything.” I am in full agreement with this
view. In this context, the test for research and

*Based on the General Presidential Address of Dr Atma
Ram, D.Sc., F.N.I,, Fifty-fifth Session of the Indian Science
Congress Assocnatnon Varanasi, 3 January 1968.

development is the extent to which it is put to use
in productive enterprise. In India, where research
and development is mostly confined to government-
sponsored establishments and utilization of results
has to be in industry in public or private sectors,
there is a hiatus. This is understandable as even
when both are under the same auspices, there is
usually resistance to innovation from the shopfloor.
This dichotomy of research and production is a
weakness. The best disposition is research by
industry in industry. In spite of tax incentives to
industry to undertake its own research and CSIR’s
offer to contribute towards industrial research
associations on cooperative basis, research by
industry has not been growing sufficiently fast.
In this year’s budget, the Deputy Prime Minister,
Shri Morarji Desai, has enhanced the concessions on
taxation on money spent for research by industry.
1 hope, industry will take full advantage of these
opportunities. It will help them as well as the
country. Research not only in our national labora-
tories and other research institutions but also in our
universities should desirably be relevant to the
country’s needs. For, as Sir Francis Bacon pointed
out, “ The true and lawful goal of science is that
human life be endowed with new powers and inven-
tions and be operative to the betterment of man’s
life .

For centuries, technology and science remained
and developed independent of each other. Techno-
logy, known as industrial arts, was essentially
empirical and provided little interest to the intel-
lectual classes who generally looked down upon it.
As an offshoot of organized human thought, science
appealed to the intellectual classes and remained
their preserve and pastime. It was only about the
middle of the nineteenth century that science and
technology came closer to each other and it was
realized that each stimulated the growth of the
other. With the progress of organized knowledge
in many areas, science and technology have lost
much of their distinctiveness. Technology is now
more science-based than ever before.

I think, it will be of some benefit to us in this
country to appreciate the distinct roles of science
and technology. Though in a well-developed eco-
nomy this distinction is not of great significance,
in the present stage of our nation’s growth, it is
important. For, it is on this distinction that we
have to base our strategy of development of science
as well as technology. Our present need calls for
greater emphasis on technology.

As today’s science may lead to tomorrow’s techno-
logy, we must promote and sustain science in all
its aspects. Those with vocation for pure science
must be able to pursue it. To apply science, one
must first know it. Hence, pursuit of pure science
must be encouraged in all its varied branches.

1
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But, in doing so, the highest international standards
should be observed. It is essential to have healthy
growth of basic science and research should be
conducted at the very frontiers of knowledge.
For this reason, the universities which are the
principal centres of basic work must be streng-
thened. One of our primary aims in this regard
should be the development of what I would term
‘ scientific capabilities ’.

In passing, I wish to mention that the experi-
mental aspect is not sufficiently emphasized in our
science teaching. Cultivation of experimental abi-
lity need not solely depend upon sophisticated
equipment or ready-made apparatus. Improvization
is what should be encouraged; it is this which leads
to innovation and often to discoveries. In any case,
it develops skills and machine sense. This will also
help in orienting our education system to production.

Our country has had a great tradition of intel-
lectual activity; in many fields of science our fore-
fathers made some great contributions to the growth
of knowledge. But such knowledge mostly re-
mained unrelated to social needs. Later, in science,
as in many other fields of creativity, a stasis set in.
Several historical forces made us, along with other
oriental peoples, backward. Science and techno-
logy became almost foreign to us. The Indian
renaissance in the latter half of the nineteenth
century, which began with the pioneering efforts of
Raja Ram Mohan Roy, caused a literary and cul-
tural upsurge in the country motivated by the desire
of a subject nation to attain intellectual equality
with their masters. This movement which reached
its height in Rabindranath Tagore also re-established
the scientific tradition in India throwing up many
distinguished scientists, pure and applied, around
whom centres of excellence grew. This gave the
lie to the view, popular in the West, that the eastern
mind was essentially metaphysical and unsuited to
science and technology. With independence, public
support was ensured for rapid institutional growth
and heavy investments were made by the govern-
ment whose policy in relation to science was most
ably put forward in the famous Scientific Policy
Resolution of 1958.

While we have a Scientific Policy Resolution, is
there a national resolve of dedication to science ?
How is it that the fire and enthusiasm, which pro-
duced outstanding men who could walk shoulder
to shoulder with their compeers elsewhere, have
dampened ? Before independence, we had a goal.
What is the goal now ? Are we now resting on our
past laurels ? How is it when insignificant sums of
money were available compared to what we get
now, we did so well ?

At a juncture when emphasis is on technology,
we do not have a clear statement of technological
policy as we have of science and industrial policies.
A technological policy statement which will link
our science and industrial policy is vitally necessary.
This will give practical shape to many aspects of
our scientific policy and provide guidelines for our
industrial policy. Such a statement would have to
consider, among other things, the following:

(a) Modern technology is capital intensive and
labour saving. Conditions in India are just the
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opposite; capital short, labour affluent. She is
particularly short of foreign exchange. The ques-
tion would be, what technology should be selected ?
The test should be suitability to our needs rather
than superiority, so as to avoid create social im-
balances and unemployment. In adapting techno-
logies considerations of prestige should have no
place. Contrary to general belief, Japan has shown

- that non-automatic technologies are not necessarily

primitive nor that sophistication nced necessarily
be automatic.

(b) In what fields should the country seek and
obtain know-how ? And what are those which our
institutes could be assigned the task of developing
know-how and processes ? In obtaining know-how
there are many aspects which are interrelated and
which need careful consideration. For producing
consumer goods, we should rely more on labour-
intensive technologies.

(c) What should be the degree of sophistication
in relation to our needs ? In certain fields, such as
steel making, basic chemicals, defence and health,
we must have the very best, and economy of scale
must be ensured.

(d) The relation of technological policy with the
availability of raw materials is important. In
international commerce, we should identify those
items where we can enjoy competitive advantage
and in such cases we should use the best techniques.
For instance, we should have given concentrated
attention to research related to jute, tea and textile
industries which have been our major foreign ex-
.change earners.

There may be other similar questions. These
should be carefully considered and should form part
of a statement of technological policy. There has
been some thinking on these issues and policy deci-
sions have been taken in regard to some of them.
But a look at the problem in its entirety is needed
to bring them together within the ambit of an
integrated national policy statement on technology.

Importance of Development of
Human Resources

The Scientific Policy Resolution is a well-drafted
statement of intentions. We are yet to work out a
strategy of development. One often hears the
description of India as a poor rich country; we
are rich in our resources and potentials but our
people are poor. A developmental strategy for
India would consist of three essential elements:
comprehensive survey of our physical resources and
their exploitation; encouragement of capital forma-
tion and enterprise; and development of human
resources. It is simultaneous progress in all these
three fields which can make our country really rich.

Of these, the development of human resources is
pivotal. Economic growth needs capital, techno-
logical and economic know-how, managerial ability,
modern industrial skills and the will to work hard.
Except capital, all these relate to human resources.
We know of countries with inadequate capital
having made remarkable progress on the strength
of their human resources. No country in the world
can be self-sufficient in its physical resources.
History provides instances where unwise human
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activities have rendered
countries barren.

The development of our country can only come
the hard way. Inflow of capital and assistance
from abroad in various forms can at best be a
catalyst. Unless forces are generated within the
country based on scientific and technical skills,
entreprencurial talents and forward-looking social
attitudes, we will not be able to have the proper
infrastructure of development. How are these
growth forces to be generated? Obviously, by
developing human resources. If investment in
physical resources pays off, investment in human
resources pays off many times over. Human
resources development is not merely education,
though education plays an important part. Educa-
tion provides the base on which we have to build a
superstructure of skills and capabilities which trans-
form physical resources into wealth. The training
of scientists, technologists and engineers, technicians
and craftsmen, managerial and administrative per-
sonnel and a host of professional and non-professional
men of skills is essential for the growth of the
nation. Have we adequately tackled the problem
of development of skills, competence and capabi-
lities which produce wealth ?

While dealing with skills, I would like to mention
the continuing neglect of technicians in our country.
More sophisticated the production, the more its
dependence on technicians and scientifically trained
workers. Industrial production, which is becoming
increasingly mechanized and elaborate, needs a
highly skilled work-force to operate, maintain and
repair equipment, test and inspect raw materials
and products, design and construct new machines
and develop new products. These highly technical
tasks of industry need men with wide and deep
technical training. Our society has not given the
technicians the recognition they deserve. Their
contribution to economic and social progress is as
significant as that made by other professional groups
of the community.

otherwise  prosperous

Planning and Organization of Science

Since we began to organize and expand science in
a big way, problems relating to organization and
planning of science have held our attention. These
are: How should science be organized ? What is
the position of individual scientists in such an
organization ?

A certain minimum organization is necessary in
any human effort. In applied science directed
towards the solution of specific problems which
need large resources of men and material, organiza-
tion is inevitable. But organization of work alone
does not always lead to creativeness. Great dis-
coveries are as unexpected as unplanned. Develop-
ment which has very specific objectives should be
as fully organized as possible. Applied research
laboratories fall between these two extremes and
organization of their research does not conform to a
fixed pattern. It varies from laboratory to labora-
tory depending upon to which end of the spectrum
it 1s close.

In modern research laboratories, management is
considered an important aspect. There are no

well-recognized or standard methods of organizing
or managing industrial research. Yet, industrial re-
search has been a great success and has progressed
very far. There is a view that the relatively un-
successful attempts to work out satisfactory for-
mulae for organization of industrial research have,
ironically, contributed to its success. We should,
nevertheless, be aware of our problems and con-
stantly endeavour to improve our methods of
organizing research. But to think of straight jacket
methods and to expect to find solutions made to
order will be expecting too much. While books,
seminars and symposia will continue to pour out
thoughts and theories on the management of re-
search, the very dynamism of science makes its
management a continuing problem. All methods
evolved have to be tentative and tested in the
crucible of experience. In any case, in our country
we should spend less time organizing and more time
doing research.

The next question is — “ What should be the
place of the individual scientist in this age of team-
work ? ” The popular belief is that modern re-
search is a team-work and the days of individual
accomplishments are over. Whether it is a team
or a committee that functions, ideation is essentially
the result of individual intelligence. It is the
sudden gleam in the laboratory of the human mind
that generates ideas which lead to basic contribu-
tions. Committees did not discover penicillin or
invent jet engine. The emphasis on team-work and
committee work inevitably leads to overall organiza-
tion and planning. It is doubtful if one who is
busy organizing and planning has the time to think
science. A team of scientists can be guided and ins-
pired only by an active scientist intimately in touch
with and participating in the work at the bench.
These views may not be to the liking of science
planners who are deeply worried to find the ideal
way of organizing effort, avoiding overlapping,
preventing duplication and similar other problems.

After completing my university career under the
affectionate guidance of Prof. N. R. Dhar, I came
under the spell of Prof. Meghnad Saha. I was
privileged to collaborate with him in the work of
the National Planning Committee. In recent years,
Dr Shanti Swarup Bhatnagar planned and organized
science in a big way and I was associated with him
for fifteen years. Later, I came in contact with
Prof. P. C. Mahalanobis in matters of planning.
My experience has made me a strong believer in the
essentiality of planning for development. After
having spent 36 years of my life in research I have
been a recruit to Delhi for about a year. [ have
watched and participated in numerous meetings
and committees. If one kept a record of the
terminology used in many of these discussions,
one would come across phrases like long term,
short term, phased programme, feed-back, crash
programme, spill over, and infrastructure. But
where do they lead us to?

In those aspects of science where planning is
important we have hardly begun. We have not
yet evolved a method of working out priorities or
a system for the allocation of funds. At present,
work programmes are formulated by institutions
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and a collection of such programmes becomes a
plan. There is no scientific body to determine the
priorities or to lay emphasis on various areas of
research or to frame guidelines for allocation of
funds. It is important that some mechanism
should be established to ensure that the total
amount of money invested in scientific research in
our country is so laid out as to yield the maximum
benefit to the country. This will ensure that money
is not diverted to prestigious projects or to projects
of lesser social and economic importance at the
expense of some vital needs of the country.

The increasing tendency in laboratories to ‘ demo-
cratization ’ is a direct outcome of and reaction to
the concept of planning and organization. Each
worker in a laboratory wants to have a say in
decision-making. What is the extent to which
democratic process can be applied to the function-
ing of a laboratory ? It is in inverse proportion to
the stature and respect the leader commands among
his fellow scientific workers. Various democratic
departmental procedures have been evolved in
many laboratories. Any number of committees
and panels are appointed for every conceivable
purpose; for library, for workshop, for stores, for
purchase and even for space allotment. Various
forms and proformae are devised and scientists
at the bench have to spend time filling them in.
* Excessive departmental democracy can be time-
consuming and may, in effect, impede research.
What is needed really is an intelligent appreciation
of the views and needs of the research worker at the
bench. In all our discussions on organizational
problems of scientific research in India, the point
of view of the research worker at the bench is sadly
neglected. All other points of view are amply and
vociferously put forward, particularly the point of
view of the men at the top.

Befcre I take a different tack, I may refer to the
relation of administration and science. It has been
taken for granted, it appears, that scientists and
administrators lack sympathy for each other’s point
of view. Our present administrative system was
devised by a ruling class for a subject people.
Since independence, this system has undergone some
changes but not radical enough to satisfy the yearn-
ings of an independent people. But the system has
permeated deep. A rapid change willl not be free
from pangs. I think what ultimately matters is
not so much the system of administration but the
man behind it. In the hands of an enlightened
and competent administrator, even an inadequate
system can work to advantage. Impediments
cannot deter one who wants to accomplish. “No
administrative manual can shape the behaviour or
skill of an administrator. Under an indifferent
administration wrongs can persist as procedurally
correct. In the hands of the incompetent, the right
can go under. I, therefore, attach far more im-
portance to the choice of proper men in administra-
tion. As days go by, the generalist administrator
will be replaced by technocrats; a new system and
a new relationship are bound to emerge and with
them new stresses and strains.

Often, the question of autonomy in scientific
institutions is raised. The stress has generally been
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on autonomy for spending. But, I would prefer to
emphasize intellectual autonomy, and it is this
autonomy that I would like scientists to be assured
of. Throughout my career starting as a research
assistant, I have not had any interference in the
operational freedom to handle scientific problems
as I liked to. This is what I would consider intel-
lectual autonomy. Autonomy particularly in the
mission-oriented institutes has to be viewed in the
context of the objectives of the institutes and the
country’s needs. It also does not mean that he is
free from accountability for the financial and other
resources placed at his disposal. On the contrary,
scientists should be paradigms of discipline and
accountability. Administrative rules, regulations
and procedures are man-made and can be changed;
genuine difficulties in the way of pursuit of scientific
research should be removed. So long as finances
are derived from public funds, the scientist is as
responsible as anyone else spending public funds
to account for them.

The problem of autonomy has a twin brother,
i.e. the hierarchy. Here again, I think, there is
considerable misunderstanding. Science recognizes
no intellectual hierarchy. Wherever it exists it
must be completely inhumed. But in a research
laboratory where a few hundred scientists make
the staff, there will be a sort of disorder if all of
them begin to feel that they are not answerable to
anyone. In such a situation, indiscipline and
irresponsibility would breed. Have we taken care
that this does not arise ?

The Need for Healthy Attitudes —Role of
Scientific Societies

The emergence and development of scientific
organizations on a large scale in the wake of
independence have also widened the scope of and
opportunities for scientific careers. A number of
problems have arisen, the most noteworthy of
which is the growth of careerism in science. From
savants scientists have now become °scientific
personnel *.  Before independence, only those inter-
ested in scientific work took to it; a few made a
comfortable living out of it; but, by and large,
scientific career did not offer much in terms of
money and material acquisitions. But science now
offers a career and social position too.

Careerism in science brings mixed results. On
the one hand, scientists as a group have developed
greater social awareness. On the other, science-
for-career attitude is apt to make a scientist emo-
tional or subjective in his approach to scientific
work and life. Quite a few scientists nurture the
feeling that the very fact of their being scientists
entitles them to special rights and privileges in
society. A new class-consciousness reminiscent of
the privileged priestly class of medieval India is
discernible. One viewpoint is that because science
helps improve material life, it is loftier than other
forms of knowledge. Nothing can be meore
erroneous than the belief that a particular kind of
knowledge is superior to others. Knowledge is
varied and integral to progress. A balanced blend
of human talents is what ultimately makes a
healthy society. Unless scientists are tempered with
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humility and with the knowledge that they are but
one of the many who contribute to the growth of
society, they are likely to fail to make an impact
on society and earn its confidence.

Learned societies and professional bodies should
provide leadership to the scientific community
and create and mould public opinion by example
and precept. With such a lead, possibilities of
unhealthy tendencies in the body politic of Indian
science can be curbed or at least contained. With
diversification and growth of Indian scientific
institutions, there is a growing number of young
men and women engaged in scientific careers.
They are easily susceptible to influence due partly
to economic reasons and partly to the lack of
proper understanding and appreciation of the true
role of science. They are likely to become easy
victims of shibboleths and slogans and their career-
istic attitude may sometimes lead them into wrong
thinking and action. The spectacle of a large body
of such talented people adrift should be a matter
of concern. [ appeal to the learned societies to
give serious consideration to this problem. Societies
should provide leadership to the large body of
impressionable young minds.

The government has a vital stake in this matter.
It should encourage scientific societies and consult
them on matters of moment. The Government of
India has long been thinking of setting up a single
national academy of science for the country. I
might mention that as early as 1945, the govern-
ment had declared the National Institute of
Sciences of India as the premier scientific society
in the country. There are well-organized profes-
sional societies in most branches of science and
technology whom the government could call upon
for advice. What is needed is for’ the government
to cultivate the habit of consulting such societies.

Science and Social Forces

Another important duty of the learned societies
is to bring about greater understanding between
scientists and society. The scientific point of view
alone can neither explain nor deal with the dyna-
mics of society. Such a view would presume social
forces to be simple, which they are not. Even in
highly developed industrialized societies based on
science and technology complex social forces are
at work. Some intellectuals feel that a deep
cultural crisis has overtaken humanity and that
individual freedom and human dignity are at
stake. Others stress the need to re-establish spiri-
tual values. While scientists may claim to be the
new humanists, there are others who feel that the
changes brought about by the scientific orientation
of life and the industrialization of societies are not
all for the good.

Science and technology are only a part, though
an important part, of a complex set of forces
moulding society. While science and technology
should become an essential and integral part of our
culture, we cannot ignore other aspects. It is
naive to assume that because it contributes a great
deal to material well-being and physical comfort,
scientific and technological progress automatically
results in human progress. Behavioural sciences as

applied to human and social functioning are still in
their early stages of development. Perhaps, with
the development of these sciences, we may have a
deeper understanding of the individual and society.
I am no expert in social sciences. The point I
wish to make is that an industrialized society
based on science and technology is not an unmixed
blessing. For, how else can the mental stresses,
strains and ailments caused by them in highly
industrialized western societies be explained ?

The limitations of science are better appreciated
today than ever before. Seemingly, great truths
of science pale off both at the macrocosmic and
microcosmic levels. The principle of uncertainty
shows that science is confined to the limits of
observation. Relativity, on the other hand, has
established that what a scientist deals with are
not actual events but observations of the events
and, thus, is subjective. The philosophical import
of these two discoveries has been stupendous both
on scientific and non-scientific thought. The true
scientist is humble enough to realize this situation.

Acharya Vinoba Bhave has been saying that
science and spirituality have taken the place of
politics and religion in the modern world. It is a
profound statement. Nehru saw its implications
in a society such as ours. One often hears it ex-
pressed as the viewpoint of scientists and also the
scientific viewpoint that religion has acted as a
drag on the advancement of the country; it is also
said that religion in Indian society has acted as a
counterweight against rationalism, as a force against
the spirit of science. It is advocated by some that
unless religion is relegated we are not likely to
make much progress.

When we refer to religion, what do we have in
mind — dogmas or spirituality ? 1f by religion we
mean dogmas, superstitions and obscurantism, we
should shed it off most determinedly. The Indian
mind has the subtlety to distinguish between spiri-
tuality and religion. Some spiritual content in
human life is essential for its sustenance. The
basic irrational forces at work in man and society
cannot be easily explained. Sigmund Freud proved
in a systematic manner how profoundly irrational
forces and hidden motives shape human behaviour.
These forces should not be allowed to take better
of us humans but should be reined in and channel-
lized. Perhaps, religion has been aiding man achieve
this essential task. It has also satisfied the urge
in man for social cohesion. Science is yet to prove
its value as a cohesive force in society. Spirituality
perhaps has a greater potential in this regard.
Science has not discovered a chemotherapeutic
agent which can induce virtues in man nor has it
produced an antibiotic which can fight bigotry.
Religion without the temper of science is super-
stitious. Science untempered by spirituality can
be dangerous.

Human society is basically conservative — slow
to change and evolve. Science, on the other hand,
is basically revolutionary and upsets status quo
by making unknown known. Modern technology
which is continuously changing the material and
social conditions of man intensifies the challenge of
science to society. It would seem that there is
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an inherent conflict between science and society.
Older the society the more conservative it tends to
be. Ours is a society with centuries of history
behind it and so are our people steeped in tradition.
In dealing with the problems of an ancient society
such as ours, we come across innumerable difficulties.
But our approach to the problems should be prag-
matic. Let us avoid the futile exercise of finding
faults. Instead, we should demonstrate by con-
structive endeavours the positive benefits of science
and technology. The vast masses of our people
take succour in fatalistic beliefs, and religion
appeals to them for the promised better things in
the next life. Mahatma Gandhi used to say, ““ To
the poor, God can only appear as bread or a bowl
of rice”. Before we expect people to break away
from traditions and develop a scientific attitude,
we might as well ask ourselves, whether we have
provided them even the elementary benefits of
science — food, shelter and clothing; in short,
economic security. Instead of giving our people
more science and the accruing material benefits,
are we justified in giving them ideology and the
conflicts attendant to it ?

Some Problems of Scientific Talent and
Manpower

We frequently hear of our difficult manpower
position, particularly about the shortage of able
people and the problem cryptically described as
‘brain drain’. It may be conceded that there is
a shortage of able people. This bad situation is
made worse due to two reasons. One’s reputation,
prestige and influence are determined by one’s
ability to move in the right circles and to have the
right contacts. It is often difficult to withstand
temptations and stay on in a laboratory to struggle
with one’s problems. The lure of opportunities
does not always have healthy influence. The size
of our country adds to the difficulty. It is not
easy to know all the talented individuals spread
over 70 universities and nearly two hundred scienti-
fic and academic institutions scattered over an
area of above three million square kilometres.
This results in two consequences. The few who
are identified are sought after again and again.
They soon lose their bearings in the area of science
which once was their force. As a result, a few
individuals tend to feel disproportionate importance
in the community and develop tendencies akin to
‘ mathadhipatis . Others, many of them young,
remain unrecognized. Since they are unable to
enjoy the opportunities that frequent the fortunate
few, they become disenchanted, critical and even
cynical. Often this cleavage assumes the contro-
versial tinge of young versus old. In absolute
terms, I do not think the nation is short of talent.
Rather, the fault seems to lie, first, in the defective
methods of locating talent and, secondly, in the
overuse and diffusion of talent. Government’s
method of consultation should not unduly distract
scientists from creative pursuits, nor should they
be neglected.

Another related topic which comes to my mind
links creativity with age. In absolute terms,
creativity has little to do with age. Relatively
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speaking, however, at young age, the propensity
to discovery is sharper. This is a statistical state-
ment. Because the young mind is not loaded with
knowledge and its sense of wonder is still keen,
it proceeds unfettered by preconceived ideas.
It is able to hazard hypotheses which may seem
too bizarre to minds saddled heavily with pre-
conceptions. Such strides of the young mind some-
times make significant discoveries. This theory is
not peculiar to science alone. William Words-
worth seemed to feel that infants had “spiritual
knowledge and the shades of the prison house close
upon the growing mind. When a young scientist
makes a significant discovery, he becomes a cele-
brity and has to give of his time receiving awards,
addressing meetings, discussing in committees and
so on. Circumstances tear him away from creative
scientific work. He may yet obtain plenty of
equipment and money, acquire status and security,
but he does not have the time or the moorings for
creative work any more. May be, in this manner,
we might have lost quite a few who might have
blossomed to distinction.

The essentially statistical theory of creativity
and age is often strained to extreme lengths. The
theory bears relevance to discoveries and may,
therefore, be applicable in the pure sciences. It is
not of much value in the application of knowledge
as in technology, engineering, industry, agriculture
and medicine. In these spheres accumulated know-
ledge and experience weigh much. Competence is
and should be the only test in any area of human
endeavour.

While every one should warmly endorse the view
that young shculd be encouraged, the temptation
to make another generalization should be resisted.
If one studies the lives of eminent Indian men of
science, who may now be put in the category of
the old, one will notice that most of them achieved
distinctions while they were young. One might
recall that during early days heads of several natio-
nal laboratories were appointed in their thirties and
forties. Old order changing and yielding place to
new is but a natural process. The process thus
goes on and will continue to operate for all times
to come. Does this process which is obvious and
inevitable really need a push ?  Although it is often
said that the young are exploited by the old, I
have yet to come across a single case of anybody
being penalized for this. Specific cases of exploita-
tion should be identified and the wrong-doer dealt
with. It is most important to remember that in
our enthusiasm to encourage the talented, we
should not support mediocrity in the name of
young.

Much is being said and written about °brain
drain ’. There have been discussions on this prob-
lem all over the world. Many have described the
phenomenon just as it has appeared to them; they
have diagnosed the causes for what they consider
a disease and have suggested various remedies. I
have also made a little contribution to this dis-
cussion and quite a few interpretations to what I
said have been tossed about. I must confess that
some of these interpretations have amazed me.
For, some people have even gone to the extent of
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saying that I was closing down the Scientists’ Pool.
I must emphatically say that this is totally incorrect.

The problem of brain drain is not peculiar to
India. No country in the world except perhaps
the United States is free from it. In the so-called
‘brain drain’, the treck seems to be towards the
United States. To some extent, the other de-
veloped countries in Europe serve as an interface
between the developing countries of Asia and
Africa and the United States; but the ultimate
receiver is the United States.

I would like to deal mainly with two facets of the
problem. The first is the fact of migration. Since
the last World War, mobility of scientists and other
skilled persons has considerably increased through-
out the world. Apart from the fact that the lan-
guage of science and technology is universal, the
mcreasing use of English as the common medium of
communication among scientists and technologists
has made mobility easier. Skills always seek
opportunities and the United States provides today
those opportunities which give satisfaction, both
ephemeral and real. It is difficult to stem the
flow of scientists, but we should take more steps
to lessen the number to ensure that it does not
work to our disadvantage. But for the measures
taken in this country to induce scientists to return
or stay at home the outflow of scientific talent from
India would have been much greater.

The second aspect of this problem is what pre-
cisely can be done to get the foreign-based Indian
scientists and other qualified persons back to our
country. Here again, we tend to become emotional
and subjective in our approach and even forget
those who are already in the country. Are we
doing enough to recognize and satisfy the com-
petent and the good who have chosen to stay home ?
A general call for return of scientists abroad is
no remedy. The Scientists’ Pool, the creation of
supernumerary posts in government establishments
and other palliatives barely touch the fringe of the
problem. Unless the growth of our economy is
such that it can absorb them fruitfully, the return
of a large number of skilled and qualified men and
women will only add to the prevalent atmosphere
of frustration and resentment in our intellectual
life. Those who can be absorbed in the growing
economy should be encouraged to come back.
They would find satisfaction for themselves and
give satisfaction to the nation. Any other step
unrelated to the needs of the country will not
help, it may only worsen a problem alrcady bad
enough. Ultimately, the real solution lies in the
cconomic growth of the country, on the basis of
which industry will develop and wealth produced.
This in turn would sustain the creation and growth
of social institutions and generate multifarious other
activities needing the services of qualified men of
various types. The point becomes clearer by the
fact that it is becoming increasingly difficult to
provide emplovment even to engineering graduates.
With the relatively meck economic growth com-
pared to our progress in education, the exodus of
scientifically and technically qualified young per-
sons may increase. Most of them are patriots, but
we cannot expect them to live by patriotism alone.

The Problem of Know-how and
Foreign Collaboration

Foreign collaboration and import of * know-how ’
is another subject on which strong views are often
expressed. Whatever may be the views of
scientists and technologists, let us not make any
mistake about the general psychology influencing
the policy of foreign collaboration and technical
‘know-how ’. Since 1947, our country has regis-
tered a fairly good economic growth. By and large,
the growth is based on foreign collaboration and
imported ‘ know-how ’.

The government has adopted a fairly liberal
policy towards foreign investment and remittance
and repatriation by foreign investors. There is a
feeling that foreign collaboration has been permitted
even where ‘know-how’ was available in the
country. Some say that laboratory scale operations
are mistaken for technical ‘ know-how'. An in-
vestor invests for profit. Altruistic motives play
little part in this matter. Unless we are able to
give the investor the whole ‘ package offer’ consist-
ing of technical and economic ‘ know-how ’, plant
and machinery, managerial and marketing tech-
niques, technical * know-how ’ alone will not interest
him. The research scientist cannot offer the whole
gamut of expertise and ‘ know-how’ to make an
industrial enterprise. Nowhere it is so. Lack of
appreciation of the role of the research scientist
can cause much wastage of time, effort and un-
necessary recrimination.

Industrialization in the modern sense has brought
with it new techniques of management of high
sophistication. Such responsibilities as the follow-
ing, which now devolve upon large industrial
management, were mostly unknown before:
(i) choice of product; (ii) design of operation for
production; (iii) securing and using the necessary
materials, machines, power and labour; (iv) mer-
chandising and marketing of the products;
(v) financing the operations; and (vi) building and
maintaining a large network of functional set-up.
All this requires management skills with quite in-
volved and complex procedures. If we are to be
in the forefront of the industrial and commercial
world, trade with other countries and keep our
balance of payment position sound, we need all
these skills. An institutional structure for fostering
such activities and working in close integration with
research institutions is the crying need of the hour.

There is also the psychological aspect of the
widespread feeling prevailing in the country that
anything foreign is superior to anything Indian,
which pervades even our intellectual life. It is
also discernible in our science and technology.
In industry, nothing ensures the success of a pro-
duct better than a foreign name tagged to it or its
association with a foreign firm. Gone are the days
of Swadeshi spirit. It may need a Gandhi to propa-
gate a new wave of confidence in our efforts and in
our achievements.

While we should develop confidence in our own
efforts, we should not in the name of ‘ Swadeshi’
re-invent what is known, unless we are denied the
use of technology available abroad. When technology
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can be purchased from others without compro-
mising national interests and crippling local efforts,
we need not take a doctrinaire view of things. It
may be asked if technology can be purchased from
others, where do Indian scientists come in? It is
well known, that even where technology may be
available from outside, large amount of work has
to be done to adapt it to local needs and conditions.
Therefore, in developing countries high priority
must be given to adaptation work. Technological
independence, though a desirable goal, is not easy
of achievement. Not even the USA, which is
perhaps the only country which has a positive
balance of technological payment, is technologically
independent. She pays about § 70 million per
year to others. We should develop technological
competence rather than strive after technological
independence.

Science, Government and Politics

The prosperity and security of nations are deter-
mined largely by their scientific capability and
industrial strength; hence, the tremendous growth
of patronage of government extended to science and
the spectacular outlay which governments make on
scientific progress. Scientific activity is assuming
an increasingly important part in the functions of
our government. This is bound to grow further.

The place of the scientist in government is now
taken for granted and to some extent he parti-
cipates in decision-making and discharging execu-
tive functions. This situation is not without its
side-effects. The possibility exists of individuals
assuming roles far beyond their competence or their
jurisdiction. Such instances are not wanting. I
think two safeguards must be ensured. One is,
the right man must be in the right place. The
other is that the machinery of consultation should
be such that no single individual should be pri-
vileged to give advice and take decisions of
importance merely by virtue of his position. There
is, therefore, a good case for making consultation by
government more effective by widening its scope
through scientific societies.

Science places immense power in the hands of the
State. Scientists are the instruments for wielding
this power. This throws scientists into the arena
of politics. The example of Lord Cherwell and
several others illustrates this. The scientist today
finds immense scope and opportunities to assume
overlordship over considerable areas of govern-
mental activity. This is a matter which needs the
attention of the scientific community, and measures
should be evolved to ensure that unhealthy ten-
dencies do not overwhelm scientists. Unless the
scientific community is alert, its very integrity may
be put in jeopardy.

In a parliamentary democracy where develop-
ment of science is a cardinal principle of State
policy, it is but natural that parliamentarians
should get increasingly involved in affairs of science.
It is a matter of gratification that we have an
Indian Parliamentary and Scientific Committee
consisting of Members of Parliament and representa-
tives of scientific institutions. It is desirable that

parliamentarians and scientists should come in
close contact so that the former may also appre-
ciate the methods of science and their application
for the welfare of the country. To enable parlia-
mentarians to obtain authentic, objective and
up-to-date information on scientific matters, it will
be useful if a Science Information Unit is established
in the Parliament Secretariat.

By virtue of the power and influence scientists
command today, they have attained a high place
in political decision-making. In certain matters
they play the crucial role in the West. It will not
be long before the scientists will be called upon to
assume such roles in this country also. The fact
that science is universal in character and does not
recognize national boundaries makes it an important
vehicle for fostering international understanding.
In matters connected with modern defence and
armament policy and in similar other issues scien-
tists have come to occupy a special and significant
position. In a world becoming increasingly depen-
dent on science and technology, scientists must
clearly understand their responsibilities. I am not
stating that scientists should go into politics. The
point I wish to make is that problems in the modern
world cannot and should not be left to the politi-
cians alone. Scientists and technologists have a
vital and active role to play and are not merely to
act as advisers.

Ladies and Gentlemen: I have covered rather a
wide canvas. I have deliberately raised some ques-
tions not so much with a view to offering immediate
solutions but with the intention of evoking the
interest of the scientific community in these matters
and provoking discussion thereon. It is desirable
that members of the scientific community should
interest themselves in problems around them and
bring to bear upon them the scientific approach.
Likewise, they should shape their own attitudes to
their scientific work, society and other fields of
knowledge so that they view these problems in
proper perspective. Issues unrelated to science
should be kept off discussion. The quality of
scientific approach endows scientists with the ability
to think and act objectively and we should preserve
this quality at all costs. The need for creating
healthy scientific public opinion in this country is
greater today than ever before. TFar too much of
scientific matters is conditioned by officialdom.
In a democracy people mould government policies;
unless the scientific community in the country is
able to shape and influence government policies
through healthy, objective and stiong public
opinion, Indian science may suffer. Scientists
should be aware of the snaring charms of ‘ orga-
nization . ‘Just as science is no magic wand, so
also is organization which too cannot perform
miracles. I cannot refrain myself from making an
earnest appeal, particularly to young men and
women that they should not fall a prey to cliches
and catch phrases. There is no substitute for hard
and devoted work. We should develop the will to
work hard; for, nothing but diligence and dedication
can bring rewards commensurate with the aspira-
tions of the young minds.



International Symposium on Modern Optics

N international symposium on modern optics,
A organized by the Polytechnic Institute of

Brooklyn, in cooperation with the Institute of
Electrical and Electronic Engineers and the Optical
Society of America, was held in New York during
22-24 March 1967.

The purpose of the symposium was to review the
recent developments in modern optics, including,
among others, holography, applications of lasers,
interactions of optic and acoustic waves, and various
optical and photographic techniques. Authors from
different countries contributed a total of 49 papers
which were presented in 12 technical sessions (in-
cluding 3 on holography) spread over the three
days.

Opening Session

On the opening day of the symposium the guest
speaker, Chalmers W. Sherwin, delivered a talk on
“ Synthetic aperture radar — A case history of
hindsight analysis ” which discussed governmental
support of academic research and the significance of
basic research in achieving military development
goals.

Two papers, one by Glauber (European Organiza-
tion for Nuclear Research) and the other by Patel
(Bell Telephone Laboratories) were presented at the
opening session. The first paper emphasized that
much statistical information can be obtained from the
multi-photon states of an electromagnetic field,
generated by actual sources, by measuring photon
counting correlations and statistical . distributions
the number of photons counted in fixed time inter-
vals. Such a measurement would enable higher order
coherence of the field to be determined and it would
furnish a much more detailed characterization of the
source of the field than would be possible by simple
intensity measurement.

The second paper discussed the uses of CO, laser
at 10-6 . in investigating some nonlinear phenomena
and scattering processes.

Laser Interferometry

In interferometry, coherent light obtained by
isolating a single mode from a narrow wavelength
spectral light source has long been used. Lasers have
increased the coherence length from less than a metre
to many kilometres and power in a single mode by
many orders of magnitude. The scanning spherical
mirror interferometer, long path multiple beam
interferometer, optical delay line interferometer, etc.,
which utilize the new laser characteristics, were
discussed by Herriott (Bell Telephone Labora-
tories).

Several interesting applications of a laser resonator,
capable of sustaining a large number of transverse
modes, were described by Pole, Myers and Wieder
(IBM Thomas J. Watson Research Centre). The
attainment of 350 mW. of single frequency light at
5145 A., using a r.f. excited argon FM laser and an
external FM modulator driven out of phase with res-
pect to the laser output, was reported by Osternick

and Tary (Sylvania Electronic Systems). A detailed
analysis carried out by the authors revealed the
dependence of FM distortion on total laser power,
mode coupling coefficient (3), and modulation
index (7).

Holography

An investigation on the basic feasibility of making
ultrasonic holograms and obtaining three-dimensional
images of optically opaque objects from them was
reported by Kreuzer (Perkin-Elmer Corp.). A variety
of ultrasonic holograms and the images produced from
them were presented, together with conventional
coherent and incoherent visible light photographs
of the same objects for comparison.

Uses of Fresnel zone plates in holography, co-
herence measurements, spectrometry, optical ana-
logue computation and optical testing formed the
subject matter for a paper by Lohmann (IBM
San Jose Laboratory) and Paris (IBM Development
Laboratory, Boulder). Another paper by De (Cal-
cutta University) and Lohmann described a method
of signal detection by correlation of Fresnel diffraction
patterns. In this method, key words are used
directly and not in the form of a matched filter.
The correlation integral of the intensity distribu-
tions of the Fresnel diffraction patterns from the
object and from the reference signal was computed
optically.

The theory of Moiré patterns, produced by the
superposition of families of curves, was discussed in
two papers by Oster (Polytechnic Institute of Brook-
lyn) and McCurry (IBM Systems Development
Division, Endicott) respectively. The first paper
stressed that the phase relations in complex problems
in physical optics can be solved by the Moiré tech-
nique. Concentric circles of equal spacing (the model
for a cylindrical wave) when overlayed on a simple
linear grating (the model for a plane wave) give the
solution for the half-plane diffraction problem. The
diffraction pattern for a straight edge (a primitive
hologram) serves as a variable-spaced diffraction
grating, which, when illuminated with parallel light,
reconstructs an image of the edge. It is possible,
by the Moiré technique, to produce various variable-
spaced diffraction gratings including the Soret
circular zone plate which is the contour map of a
paraboloid of revolution.

The second paper presented a geometrical obstruc-
tion theory of multiple source Moiré patterns which
result from the superposition of a grid or slit array
on a similar light source array.

The problem of relating the holograms of a static
field which exists over an aperture to the hologram
of the field produced over planar regions which are
disjointed from the aperture was discussed by
Devaney and Baron (NASA). The relationship was
reported to be a convolution integral which mapped
the intensity pattern stored on the aperture holo-
gram on the intensity pattern corresponding to the
hologram of the field over the desired planar
region.
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Coherence

A re-examination of the concept of coherence by the
introduction of higher than the usual second-order
coherence functions was made by Picinbono (Insti-
tut d’Electronique Fondamentale, France). The
statistical nature of higher order coherent field
has been studied and it has been shown that they are
random only by one trial which determines the
value of the field at some point of origin. The study
of this random variable has helped to define two kinds
of coherent fields, weak and strong. For strongly
coherent fields it was shown that the field was
random, but the instantaneous light intensity was
constant.

A method for determining photon time of arrival
distributions for light from a narrow line '**Hg source
under various conditions of polarization and spatial
coherence was described by Scarl (Polytechnic Insti-
tute of Brooklyn). The determination of this
distribution is one of the methods for measuring
second-order coherence in a beam of light most
closely related to the photon picture of radiation.

Acoustic Interaction

An analysis of wave propagation in non-homo-
geneous anisotropic media was made by Auld and
Wilkinson (Stanford University). Since the scale
of the non-homogeneity was large compared to the
relevant wavelength, geometrical optics approxima-
tions were used. Application of geometrical optics to
coupled wave systems, allowing for both dispersion
and dissipation, was discussed. The principles were
illustrated by examples using both magnetic and
piezoelectric media. The possible application of
non-homogeneity effects to acoustic lenses and beam
deflectors was also reported.

An interaction of light with acoustic waves in
which electrostrictive coupling of two light wave of
frequencies f; and f, produces an acoustic wave at the
difference frequency f;—f, was described by Caddes
(Sylvania Electronics Systems), Quate and Wilkinson
(Stanford University). This effect was used by the
authors to generate microwave ultrasound in crystals
of strontium titanate, rutile, quartz and sapphire,
with reasonable agreement between theory and
experiment.

Whitman, Kropel and Lotsoff (Zenith Radio Corp.)
described an optical processing technique using
acoustic Bragg diffraction and optical heterodyning.
The Bragg diffraction sound cell was used by them
to convert the frequency spread of a r.f. signal into a
spatial spread of light frequencies on the surface of an
optical square law detector. Spatial filtering and
local oscillator wavefront shaping could then be used
to control phase and amplitude characteristics of the
optical heterodyning process.

Nonlinear Optics

This session was devoted to papers dealing with
interactions and scattering (including Raman scatter-
ing) of light waves in and under different media and
conditions, nonlinear interference effects and fre-
quency tunable generation of light in the visible and
infrared range.

The interactions of intense light beams in fluids
with anisotropic molecules were discussed by Bloem-
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bergen (Harvard University). Investigationsinto the
scattering of light waves at boundaries to para-
metrically modulated media were reported by Peng
and Cassedy (Polytechnic Institute of Brooklyn).
They presented a complete set of normal modes, for a
periodically modulated medium, which is necessary
for treatment of the boundary value problem.
Specific results of interest in optics were also reported
for cases having plane boundaries perpendicular to
the axis of modulation of the medium, with various
parameters of pump frequency, pump wavelength
(incident), signal frequency and the basic dispersion
of the (unmodified) medium.

Lasers

A description of recent experiment at Bell Tele-
phone Laboratories on the measurement of the
natural particle density and the radial density profile
of electrons as well as the atomic and ionic states was
presented by Gordon. The second part of his paper
reviewed the technology of ion laser construction
and the performance levels attained to date. The
construction and performance of a singly ionized
neon laser (ultraviolet range) capable of stable and
long-life operation were reported by Hernquist and
Fendley (Jr) [RCA Laboratories, Princeton]. An
introduction and a review on the ring laser and its
latest applications were presented by Macek, Meclure
and Wang (Sperry Gyroscope Co., New York).
In addition, the last author presented a separate
paper on the behaviour of two independent oscil-
lators such as the clockwise to anticlockwise
waves in a ring laser coupled together by various
mechanisms.

Electrodynamics and Diffraction

A critical review of recent researches carried out
in diffraction optics with special emphasis on the
gencralized theory of the boundary diffraction wave
was presented by Wolf (Universities of California and
Rochester). It was shown that the concept of
boundary diffraction wave leads to a new and
mathematically consistent formulation of Kirchhoff’s
diffraction theory.

The reciprocity theorem of electromagnetism stems
from the time reversibility of Maxwell’s equation.
The two proofs of this link, based on irreversible
thermodynamics and pure electromagnetism res-
pectively, require a high level of mathematics.
Grivet (Institut d’Electronique Fondamentale,
France), in his paper, shaped the electromagnetic
proof in an elementary form.

An application of the method of scaling a laser
resonator up to the microwave region to study the
performance characteristics of a 90° resonator was
described by Checcacci and Scheggi (Consiglio
Nazionale delle Ricerche, Italy). The applicability
of scaler theories in electromagnetic wave propagation
was discussed in detail by Streifer and Kurtz (Uni-
versity of Rochester).

Information Transmission and Processing

An electro-optical signal processor capable of
simultaneously recording one hundred phase-coherent
channels of pulsed carrier signals on photographic
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film without time dilation was described by Arm,
King and Aimette (Columbia University). The
technique involved is suitable for the recording and
signal processing needs of radars and other multi-
channel pulsed carrier signal sources characterized by
high data rates.

The use of an extended version of the diagram-
matic-perturbation technique to calculate the co-
herent field and the associated refractive index for
random media was reported by Brown (Jr) [Hughes
Research Laboratories, USA]. The results obtained
can be applied to the propagation of optical and
longer waves in media where the index fluctuations
occur on a macroscopic scale.

Atmospherics and X-ray Astronomy

The design of an instrumentation system for the
study of the effects of atmospheric turbulence on a
collimated laser beam under near-earth conditions
was described by Deitz (Army Ballistic Research
Laboratories, USA).. Gloge (Bell Telephone Labora-
tories) calculated the distortion of a coherent light
beam guided by glass lenses in a gas-fitted under-
ground tube for small fluctuations of the refractive
index of the gas. A simplified construction of a
large-area glancing-reflection X-ray gathering system
was described by Kantor, Novic and Wing (Columbia
University).

Crystal Growth of Organic Solids & Mechanism of Single Crystal
Growth from Melt

S. C. DATT* & J. K. D. VERMA
Saha Institute of Nuclear Physics, Calcutta

N recent years, interest in the growing of single
I crystals-13 of organic solids has been increasing

rapidly. Single crystals are needed for a
variety of physical studies of ever-increasing variety
such as electrical and thermal conductivity’ and
magnetic resonance measurements. They are also
finding use as scintillators and have potential
applications as ferroelectrics (guanidine aluminium
sulphate hexahydrate is ferroelectric), piezoelectrics
(sorbital hexaacetate is piezoelectric), semiconduc-
tors!®15 (large number of organic solids with = elec-
trons are semiconductors), thermoelectrics and in
several other devices. The only drawback of organic
crystals is their relatively lower stability to tem-
perature, but the limitless variety of compositions
and structures possible make them suitable for many
practical applications.

Organic crystals are molecular solids with mole-
cular building blocks held together by relatively
weak van der Waals’ forces and hydrogen bonds.
Due to this, their properties can be quite different
from those of most inorganic crystals. Therefore,
methods normally used for the growth of inorganic
and metallic crystals have to be modified before
they can be applied for growing organic crystals.

Methods for Growing Organic
Single Crystals

Various methods are available for producing good
quality crystals on large or small scale. These

*On leave of absence from Education Department, Govern-
ment of Madhya Pradesh, Bhopal.

methods can be conveniently divided into material
transfer methods involving concentration gradient
(growth from vapour and solution) and heat transfer
methods involving temperature gradient (growth
from melt). Methods belonging to both the cate-
gories have certain advantages and disadvantages
(Table 1). A different classification is given by
Laudise!’s, Though these methods are based on
widely different principles, for growing a good
quality crystal, the following considerations are
common to all of them: (i) temperature fluctuation
should be avoided, (ii) growth should proceed at a
constant rate, (i) the rate of growth should be as
low as possible, (iv) large temperature gradient
should be avoided, and (v) the material used should
be of high purity.

Growth from Vapour

The method consists in transporting vapour from
a region containing solid nutrient material at a
temperature #, to a second region at a temperature
t, slightly below ¢, thus creating supersaturation
which, if controlled properly, can yield good crystal
nuclei and allows for their further development.
This method, compared to crystal growth from melt
and solution, has been rather infrequently used to
grow single crystals of relatively big size. Therefore,
the experimental details for growing crystals by
this method are not well developed. Sears!? grew
nearly perfect organic crystals by the vapour phase
method. Since growth can take place in a vacuum
or in an inert atmosphere, crystals free from non-
volatile impurities can be grown.
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TABLE 1 — ADVANTAGES AND DISADVANTAGES OF THE
METHODS BELONGING TO MATERIAL TRANSFER AND HEAT
TRANSFER GROUPS
Groups and methods Advantages Disadvantages
(A) Material transfer 1.
or concentration

1. Possible con-
tamination by

Almost isother-
mal growth en-

gradient vironment container and/
2. Slow  growth or transport
’ il rate; hence medium
| Growth from good quality 2. Growth rate
{ solution 3. Crystals are un- slow for large-
Growth from strained scale produc-
vapour tion
(B) Heat transfer or 1. Rapid growth 1. Quality of
temperature gra- rate crystals may
dient 2. Simple appa- be poor
| ratus 2. Large  tem-
¥ 3. Large crystals perature gra-
Growth from melt obtainable dient
—»>Moving cru- 3. Crystals  re-
cible quire anneal-
(Bridgman- ng
Stockbarger) 4. Constitutional
-+Moving supercooling
crystal may hamper
(Czochralski) good growth
—~Moving inter- for heavily
face doped mate-
(Kyropoulos, rial
Stober)

The mechanism of crystal growth from vapour is
fairly well understood compared to the mechanism
of crystal growth from melt. Growth from solution
appears to proceed in the same way as from vapour.
The theory of crystal growth from vapour phase
can be considered under two heads: (i) the theory
of growth of perfect crystals, and (ii) the theory of
growth of real or imperfect crystals. The first
theory, initially propounded by Gibbs!® and elabo-
rated by others!®-24, is based on the variational prin-
ciples of thermodynamics. During the first half of
this century, an atomic theory of crystal growth of
an ideally perfect crystal was developed?s-31. But
there is wide discrepancy between the theoretically
calculated rate of growth of a perfect crystal and
that. observed for a real crystal. Frank33 sug-
gested that in crystal growth one must recognize
that real crystals are not ideally perfect; they have
imperfections in the form of crystal dislocations
which are capable of providing the sources of steps
required for the continuous growth of a crystal.
This was followed by rapid advances in the under-
standing of the characteristics of crystal growth.
Partially successful theories have been developed
by Burton ef al.3%. Much, however, remains to be
done particularly in the understanding of the role
of impurities in the growth process. The theory
of dislocations has been discussed by several
workers35-38,

All existing atomic theories are necessarily compli-
cated. It, would be helpful if a comparatively
simple phenomenological theory could be developed.
Such a theory would be the counterpart of thermo-
dynamics and would allow the classification of
numerous apparently contradictory experimental
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facts. Attempts in this direction have been made
by Frank® and others%®, although they have not
been fully successful. Detailed treatment of various
growth mechanisms is available in literature-43,

General Considerations

The vapour phase method can be used for growing
crystals of fairly good size of all such organic solids
which sublime without excessive decomposition and
have vapour pressure in the range 10- to 1 atm. at
some temperature up to the melting point. Below
this pressure, the rate of growth becomes incon-
veniently slow and the chances of dendritic growth
are more. Brandstitters grew single crystals of
22 organic compounds by sublimation and was able
to observe growth spirals on many of them. Growth
spirals have also been observed in the case of
p-toluidine®56, n-hectaned»48, paraffin® (C,.H,,),
naphthalene®, #n-nonatricontane® and other com-
pounds?:5t,  Weissberger® has given a list of or-
ganic compounds which may be sublimed i vacuo
without decomposing.

The best quality crystals are grown in a system
near equilibrium with a relatively small temperature
difference between the nutrient and crystal surfaces.
The variables required to be controlled are super-
saturation, the growing temperature and pressure
of the system, the rate of transport of vapour which
depends to some extent on the shape of the growth
apparatus and whether the vapour is entrained by
a foreign gas. It is more difficult to control the
growth rate by entrainment of the vapour than
growth in a closed system and hence this method is
not used for substances having appreciable vapour
pressures.

Growth from vapour can be achieved in 3 ways,
depending upon how the temperature gradient be-
tween the nutrient and growing crystal is produced:
(i) a gradual temperature gradient is maintained
over the length of the growth chamber, (ii) a con-
stant temperature difference is maintained between
the nutrient and the growth chamber, and (iii) the
growth takes place on a cooled collector plate.

(i) This method is applicable to materials of low
volatility. Its disadvantage is the growth of many
small crystals rather than a few large ones. The
type of growth obtained is very sensitive to the
growing temperature, the steepness of the tem-
perature gradient, the pressure of the system, and
to the use of an entrainer gass®%%. When the mate-
rial transport rate is low, one-dimensional crystals
(needles and rods) tend to form, whereas with higher
rates two-dimensional platelets are formed.

Single crystals of anthracene®% and o,a’-di-
phenyl-B-picrylhydrazil®® have been grown by this
method. A somewhat modified method has been
used by Mark% to grow thin single crystals of
naphthalene, anthracene, diphenyl, p-terphenyl and
p-quaterphenyl. The most promising method using
this principle is by Zwerdling and Halford®® who
grew oriented disks of crystalline benzene. )

(ii) In this method, which can be used for grow-
ing crystals of substances of both high and low
volatility, a constant temperature difference is
maintained between the nutrient and the growth
regions by using two separate thermostats. Single
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crystals of naphthalene®, carbon tetrabromide$?
and ferrocene®! have been grown by this method.
(iti) In this method, a cooled collector plate is
used for producing supersaturation in the growth
region. Thus, the apparatus used resembles the
conventional sublimation apparatus. However, pro-
vision is made here for precise control of the
temperature  gradient. Honigman®  successfully
employed it for growing hexamethylenetetramine
crystals. A technique in which a seed is initially
present has been used to study the growth on the
(110) and (111) faces of benzophenone crystals®s,

Growth from Solution

Of all the methods of growing organic crystals,
growth from solution is the most widely employed,
being applicable to both molecular and ionic com-
pounds, organic complexes, metallorganic compounds
and polymers. The advantage of the method lies
in the convenience and simplicity of the apparatus.

As a rule, crystals of most covalent organic com-
pounds grow less readily from solution than crystals
of ionic salts. This is because the majority of
organic crystals are formed by molecules of com-
plex nature, which usually consist of chains or rings
many atoms long. Since the growth of goed crys-
tals depends on the precise orientation of each
molecule in respect of position and symmetry, the
ranges of supersaturation and temperature for grow-
ing these complex compounds are rather small.
Hence, the experimental conditions require precise
control. The growth of perfect crystals is facilitated
by high purity of the solute and the solvent, low
viscosity of the solution and efficient stirring.

The solubility of almost all organic solids increases
with increasing temperature. For such solids, there
are three main methods of growing crystals from
solutions based on (i) slow cooling of a saturated
solution, (ii) evaporation of solvent, and (iii) tem-
perature difference between regions of growth and
dissolution (Fig. 1).

Point A in Fig. 1(I) represents a just saturated
solution. For the crystal to grow by cooling, the
temperature of the solution is lowered along line
AB to point B just above the labile region. This

.[l
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Fig. 1 — Representation of growth from solution [(I) Super-

saturated solution obtained by a cooling along AB, or eva-

poration of solvent along AB’; (II) steps in growth by the

temperature diffcrence method: cooling of the solution along

AB, crystal growth occurring along BC, heating of the solution

along CD, and saturating of the solution along DA. The last
two steps usually occur simultaneously]

produces supersaturation of the solution causing a
seed crystal to grow. If the cooling is very slow,
the growing crystal takes up all the solute in excess
of the equilibrium solubility, and though the tem-
perature of the solution falls from ¢, at A to ¢, at B,
the concentration of the solution actually proceeds
from A to C. The amount of solute that can be
deposited on a seed is, therefore, proportional to the
distance CB, whose magnitude depends upon the
temperature difference (¢,—1,).

A supersaturated solution can also be obtained
by evaporating some of the solvent. In this case,
since the temperature is kept constant, the concen-
tration of the solution proceeds along the line AB’
in Fig. 1{I). As long as the rate of evaporation is
slow, the growth of the seed takes up the excess
solid and the concentration of the solution never
proceeds past point B’ into the labile region.

In the third method, a temperature difference is
maintained between the regions of growth and dis-
solution, by continuous exchange of solution be-
tween them [Fig. 1(II)]. A saturated solution in
contact with the nutrient at temperature ¢, is cooled
to temperature f, as it is transferred to the growth
zone. There the solution, which is now supersatu-
rated by an amount proportional to (¢,—#,), comes
in contact with a seed, and growth proceeds. The
concentration of the solution in contact with the
seed is depleted along line BC. This solution is then
cycled back to the nutrient zone, where it is heated
and resaturated at temperature 7, before being re-
circulated. In this case, the amount of solute
that can be deposited on a seed is independent of
the degree of cooling and the amount of solution
used.

Growth by Cooling

Many types of apparatus have been employed4-6?,
but the most successful one is Holden’s reciprocat-
ing rotary crystallizer!®8. Though well suited to
the growth of non-ionic organic crystals from
non-aqueous solution, the Holden crystallizer has -
been used mainly to grow organic crystals of ionic
type from aqueous solutions. Crystals of ethylene-
diaminetartrate®, triglycine sulphate??, guanidine
orthophosphate™,  sorbital hexaacetate?, and
benzophenone”™ have been grown using Holden
crystallizer.

Growth by Evaporation

Growth by evaporation is the most common of
the solution methods, because it can be used to grow
substances that have positive, zero, or negative
temperature coefficients of solubility. When the
solid to be crystallized has a very narrow range of
temperature at which it is stable, growth by evapo-
ration may be the only suitable method, since it
can be carried out isothermally. With a solvent
yielding good seeds of the desired crystal available,
the only other problem is to control the evaporation
rate, which should be slow enough so that the
metastable range is not exceeded.

Robinson™ designed an apparatus for growing
crystals of lithium sulphate monohydrate having a
slightly negative temperature coefficient of solubility.
Another apparatus is described by Belyaev et al.?.
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Apparatuses have also been designed to give conti-
nuous growth by evaporation, i.e. in which the
evaporated solvent is condensed, resaturated and
recirculated. An early model for the commer-
cial production of inorganic salts was the Oslo
crystallizer?s.

Recently, a similar apparatus has been developed
for producing crystals in the laboratory?. Some of
the compounds whose crystals have been grown by
this method are malonic acid®, N-acetylglycine?,
and guanidine aluminium sulphate hexahydrate8
from aqueous solutions; salol® and stearic acid*®
from benzene; succinic acid®® from ethyl acetate;
n-hexatriacontane® from petroleum ether; sorbital
hexaacetate8! from 96 per cent alcohol solution; and
B-methylnaphthalene® from solution in ethanol.

Growth by Temperature Difference Method

It is seen from Fig. 1(II) that if some means is
available to cool and transport a saturated solution
to a growth region containing a seed, a continuous
isothermal crystal growth may be obtained. The
main requirement is that the crystal should have a
fairly wide metastable range and a reasonably large
positive temperature coefficient of solubility. This
method is suitable for those organic compounds
which have wide metastable ranges.

The experimental difficulties encountered in earlier
apparatuses88:87 were overcome by Walker ef al.88:89,
Another apparatus®, used to date only for growing
inorganic salt crystals from aqueous solutions, holds
promise for the growing of organic crystals from
non-aqueous solvents.

Other Solution Methods

There are several other solution methods that
have rather limited use in the growth of organic
crystals. One of these — growth by electro-deposi-
tion — is applicable only to those compounds that
ionize in solution. The main use of this method
has been in the deposition of single crystal layers,
usually of metals, on various substrates serving as
the appropriate electrode.

A second method, employed occasionally, involves
slow dilution of a saturated solution of a substance
in one liquid with another liquid that is not a sol-
vent for the substance. By this method, small
crystals of cyclonite (sym-trimethylenetrinitramine)
were grown by slow addition of water to saturated
solutions of cyclonite in conc. nitric acid®!. Because
of the difficulties involved in controlling diluent
addition and mixing, single crystals of fairly good
size are rarely obtained by dilution techniques.

A third method that may be used in special cases
is growth by a chemical reaction in solution. A
familiar example is of a metathetical reaction be-
tween two ionizable substances to give one soluble
substance and one insoluble substance, such as the
precipitation of silver salts of carboxylic acids by
adding silver nitrate to aqueous solutions of the
acid. Usually the precipitate is polycrystalline,
but under conditions of very slow mixing, macro-
scopic single crystals may be formed. A variation
of this method has been used to grow crystals of
metal chelate salts, such as sodium-nickel triacetyl-
acetonate p-dioxane®2.
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Growth from Melt

The most successful method for the preparation
of large, inorganic semiconductor crystals consists
in growing the crystals from melt. Various tech-
niques have been developed in the last fifteen vears
and are now being increasingly used for the growing
of organic crystals also. These methods possess
several advantages over the other methods. Larger
growth rates are possible compared to vapour or
solution methods because the solid is in constant
touch with its own molecules and there is no depen-
dence on transport of material to the growing sur-
faces. Since there is no solvent present, contamina-
tion is not a problem. Hence, crystals of high
purity can be obtained from non-reactive systems
and the pure starting material. However, the
method is applicable only if the material melts
congruently and without irreversible decomposition.
In addition, there should be no solid state phase
transformation between the melting point and the
temperature to which the crystal will later be cooled.
Because of these restrictions, many crystals of
interest cannot be grown from liquid phase. The
temperatures employed for growing crystals directly
from melt are usually higher than those required in
other methods and this may introduce another
limitation. This, however, is not a very serious
problem with organic compounds as their melting
points are not very high.

Theoretically, any material that melts reversibly
without chemical decomposition may be grown
from melt. In practice, however, some compounds
(such as SiO,) are so prone to supercooling that it
is difficult to obtain anything but a glass on cooling
the molten matter. Although organic compounds
do tend to supercool, specially those with complex
structures, it is often possible to crystallize them
from melt on cooling for a sufficient time or on
inoculating the melt with a seed or pseudoseed.

All techniques of growing from melt have one
common purpose: to regulate the temperature and
temperature gradient within the molten material
so that the area of crystallization is restricted and
the rate of crystallization is controlled in such a
way as to yield a single crystal. Other factors
which require consideration are the shape of the
crystal container, rate of motion of either the
container in relation to the furnace or the furnace
in relation to the container and the use of a seed
crystal, if any.

The physical properties of organic solids differ
markedly from those of inorganics and metals, and
hence it is often essential to modify the techniques
for growth from melt which have been designed
primarily for the growth of inorganic and metallic
crystals.

Nacken-Kyropoulos Technique

In this technique, which is originally due to
Nacken®, crystallization from melt is achieved by
dipping a small single crystal seed attached to the
hemispheric end of a cooled copper rod into the
surface of the molten material and then the seed is
slowly withdrawn. By arranging in such a way
that the seed is slightly cooler than the melt,
material solidifies on the seed as it is withdrawn.
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With suitable precautions, the material withdrawn
from the melt solidifies as a large single crystal.
Nacken, in this way, was able to grow large single
crystals of salol and benzophenone.

If a single crystal seed is not available, a poly-
crystalline seed is used. The seed is dipped into
the melt and then withdrawn in the usual manner.
While it is being withdrawn, the temperature of the
melt is increased slightly, causing the seed to taper
to a narrow neck. When the neck is not wider than
that required to support the final crystal, the tem-
perature of the melt is restored to its original value
and the seed starts increasing in diameter. This
process, first employed by Kyropoulos®, is usually
effective in selecting a single crystal from the ori-
ginal polycrystalline seed (Fig. 2). A modern
version of the Nacken-Kyropoulos crystal growing
apparatus® is shown in Fig. 3.

The advantages of the Nacken-Kyropoulos tech-
nique are that the selection of a single crystal seed
can be made more easily, impurities are rejected
downward rather than upward against gravity and
the growing crystal is unstrained, as it does not
come in contact with the container walls. The
main disadvantage is that, because crystal growth
depends both on the degree of cooling of the melt
and on the constantly varying rate of heat removal
through the seed and the cooling rod (as the seed
grows outward from the rod), it is very difficult to
control the growth rate. Single crystals of naphtha-
lenc!96,97 have been grown by this method.

Crystal Pulling

Crystal pulling, due originally to Czochralski®, is
very similar to the Kyropoulos technique, but with
one essential difference that the crystallization here
is entirely due to cooling of the solid substrate (the
temperature of the melt is kept constant).

A simple crystal pulling apparatus is shown in
Fig. 4. The melt is introduced into a capillary
tube, where it usually solidifies as a single crystal
which acts as a seed crystal for pulling. After the
seed has been wetted and lifted again so as to be
correctly spliced, the temperature of the molten
material is lowered to just above the melting point
and held there. Crystallization takes place as the
crystal is steadily pulled from the melt.

The technique requires very fine control, and
often elaborate equipment, if a vacuum or an inert
atmosphere is required. In certain cases, where
the melt has particularly high vapour pressure, a
pressure of inert gas greater than that of the atmo-
sphere is used. The stability of the melt is, how-
ever, the biggest limitation of this method.

In general, organic materials, with their low
thermal conductivity and low surface tension, would
seem to present difficulties in growth by pulling.
Mention has been made in literature of the growth
of a few organic compounds by this method!.

Bridgman-Stockbarger Technique

This technique is based on the very early studies
by Gernez® and Tamman® and later ones by Obrei-
mov and Shubnikov!®l, It was observed®:10 that
when melts were supercooled into their metastable
region and crystallization was initiated at one end of
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narrow tubes, although many crystals would com-
mence to grow, but only one crystal by its orienta-
tion and speed of growth would win out, giving
rise to single crystal growth along the remainder of
the tube. Therefore, for growing large single crys-
tals, the problem is to find a reliable method of
initiating a single crystal nucleus and of propagating
it through a large volume of the material. The
initiation of growth was achieved by touching the
metastable melt with a piece of its own solid®®,
the process now known as seeding, or by further
localized cooling at the tip of the capillary,
Although these methods of nucleation of the melt
are still in use, various methods of controlling the
propagation of growth have been devised to yield
good single crystals.

The above method was used in an improved form
by Bridgman'®? to grow metal single crystals (Fig. 5).
A single insulated furnace was employed, through
which the crystal container was lowered by a clock
motor. The constricted tip gave the highest prob-
ability of initiating single crystal growth. The
containers were provided with an upper chamber
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having another constriction where the metal was
first melted before being introduced in the lower
region, the constriction acting as a filter to remove
impurity metal oxide particles. Crystallization took
place as the container tip emerged from the furnace,
which was held at temperatures of 50-100°C.
above the melting point, the exact amount being
not criticall®2,

Stockbarger103-105 achieved better control over
the solid-melt interface in an improved form of
Bridgman apparatus (Fig. 6) used to grow large
single crystals of inorganic fluorides. Both the
insulated furnaces were controlled separately. The
upper furnace was maintained at a temperature
50-80°C. above, and the lower one 50-80°C. below,
the melting point of the material to be crystallized.
Since it is desirable that the temperature gradient
between the two furnaces should be as steep as
possible, a baffle, designed to pass snugly over the
descending container, separates the two furnaces.
Smooth, polished platinum baffles, which were
efficient heat reflectors, were used, thus cutting
down the radiation along the tube and increasing
the temperature gradient. For organic crystals,
asbestos baffles'® are suitable. Good results have
also been obtained by using a hollow cooling coil
as a baffle through which the coolant is circulated19?.

Stockbarger employed conical tip crystal con-
tainers. The sharp temperature gradient imposed
on the tip, as the container is lowered through the
baffle, plus the heat loss at the tip to the metal
support rod provides conditions suitable for the
attainment of a single crystal nucleus. Nucleation
at the tip can also be accomplished by cooling the
point of the tip with a jet of cold air’®. The use of
single crystal seeds55:1%8 for initiating single crystal
growth is now common.

Crystal containers of various materials have been
used. Silica is the most suitable material, as the
crystal can be completely enclosed and sealed off,
preventing contamination and loss of vapour.
Silica can also be covered with a graphite layer
thereby reducing the sticking of materials to the
silica surface. Glass is used in the case of low
melting point materials and organic solids. Gra-
phite or carbon, platinum and several other refrac-
tory oxides have also been used. For organic
compounds, glass tubes may be treated with chloro-
silane for avoiding the adherence of crystals to the
container walls109,

The Bridgman-Stockbarger method, with various
modifications, has proved useful for preparing single
crystals of many semiconductors and alkali halides.
But it cannot be used for materials which expand
on solidification, e.g. germanium, indium anti-
monide, and gallium antimonide. However, crystals
of these materials can be grown by this method if
horizontal furnaces are used. Although not de-
signed originally for the growth of organic materials,
the Bridgman-Stockbarger technique is applicable
to a wide variety of organic solids that melt without
decomposition. Even high volatility is not a
deterrent if the growth is carried out in a sealed
tube. Among the organic solids whose single
crystals have been prepared by the Bridgman-
Stockbarger technique are anthracene5%:106,108,110,111
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cyanuric  chloride?,  stilbene!'%113,  naphtha-
lene®96:,110,114 [ Datt, S, C. & Verma, J. K. D.,
Indian J. pure appl. Phys., 6 (1968), in press],
acenaphthenel!5, etc.

Organic crystals are more difficult to grow than
inorganic crystals, mainly due to their supercooling
tendencies and their low thermal conductivity.
Since almost the entire heat of fusion of the grow-
ing crystal must be removed through the solid, a
solid with poor thermal conductivity will take longer
to solidify per unit volume than a good thermal
conductor. For this reason, organic crystals are
usually lowered through the furnace at slow rates
(1 mm./hr or less). When the rate of passage ex-
ceeds the rate at which the heat of fusion can be
removed from the solid-liquid interface, the quality
of crystal will suffer due to formation of misoriented
molecules, impurity inclusions, and extraneous
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nucleations. The great supercooling tendencies of
organic materials require care in the construction of
the crystal container tip, as well as a steep tem-
perature gradient at the diaphragm, to initiate single
crystal growth in the tip.

Stober Technique

The solid-liquid interface can be made to move
simply by moving the crystal container, as in
Bridgman-Stockbarger technique, or by controlling
the temperature gradient across the container. The
latter method was adopted by Stober''® (Fig. 7)
who obtained large, clear single crystals of sodium
‘nitrate and other inorganic salts.

Better control over the initial nucleation may be
obtained by replacing the smooth bottom of the
Stober crucible with a conical tip!?. Nucleation
can be achieved either by preferential cooling of the
tip or by employing a suitable seed crystal. Both
oriented substrates of higher melting crystals’® and
crystal seeds of the same material'’® have been
used.

Crystals of tolane!!?, naphthalene!1%120, p-dichloro-
benzene'®, and p-dibromobenzene!'® have been
grown by this technique.

Compared to Bridgman-Stockbarger method, the
Stéber method has been very rarely used; the reason
being that, although both methods have the same
wide applicability and inherent advantages, critical
control of the solid-liquid interface is probably more
difficult to attain by varying the temperature
gradient than by changing the position of the
crucible in relation to the heat source.

Zone Melting Techniques

Zone melting, originally due to Pfannl?!, has been
discussed elsewhere by Datt e/ al.19®.  Although
there are some references in the literature®.122-127
to the formation of single crystals in the last step
of the zone refining process, the application of zone
refining appears more pertinent in the preparation
of ultra-pure materials for use in growing crystals.

Another related technique is the temperature
gradient zone melting!?1,128,129 or the travelling
solvent method!30.131, Tt consists in placing a very
thin zone of a suitable solvent between a seed and a
rod-shaped charge. A high temperature gradient is
maintained across the solvent zone, causing the

material to dissolve on the hotter side and crystal-
lize on the cooler side. The zone moves thereby
and in the process produces a single crystal. So
far the technique has been applied only to inorganic
semiconductors!3:131,  Because of the usual absence
of solid solubility of solvents in organic systems,
however, the technique shows great promise for
growing single crystals of organic compounds.
But a number of difficulties have to be overcome
before the method can be practically applied1®®.

Special Methods

Crystals of some substances cannot be grown by
any of the methods discussed above. Special
methods like growth under high pressure and tem-
perature conditions have to be used in these
cases.

Growth in the Solid State

A typical example of growth in the solid state is
grain growth in metals during annealing. A poly-
crystalline ingot, originally composed of many
grains, often undergoes gradual transition on heat-
ing at a temperature below the melting point; the
more stable grains grow outwards by consuming
neighbouring grains. Under suitable conditions,
one Or two grains may extend the entire length of
the charge, resulting in a specimen that consists of
one or two large crystals. However, a large increase
in grain size is generally not observed in commercial
materials when annealed in the ‘ as-cast’ condition.
In materials of very high purity, it is possible to
obtain large crystals from a polycrystalline casting
by grain growth.

Some organic solids can grow in the solid state
by migration éf grain boundaries on annealing.
The solids studied are camphor!32, pinene hydrochlo-
ride133, TNT33 DDT!4, and octachloropropane!®.
While with some solids such as DDT and TNT grain
growth depends on the crystallographic orientation,
in others like octachloropropane grain growth
depends on the shapes of the grains and is practi-
cally independent of their crystallographic orienta-
tion?®., In both cases, the driving force for the
movement of grain boundaries is apparently lattice
strain arising either from cold working or from
temperature changes.

Growth through Chemical Change

The first application of this method was for
growing tungsten single crystals!®136  Recently,
Nitsche et al.13%:138 grew crystals of binary and ternary
chalcogenides by a chemical transport reaction.
In this process, the solid to be crystallized (e.g.
ZnS) is placed at one end of a sealed tube along
with a substance forming a volatile compound with
the solid. When the tube is heated, an equilibrium
is established:

ZnS (solid)+1, (gas) = Znl, (gas)+1S, (gas)

Thus, if a suitable temperature gradient is pro-
duced along the length of the tube, solid ZnS can
be made to form volatile gases in one part of the
tube and deposits out as crystals in another part,
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due to the shift in equilibrium of this reaction with
temperature.

Very little work has been done on growing organic
crystals through a chemical change. According to
Buckley?3, crystals of phthalic anhydride may be
obtained by heating solid phthalic acid, the heat
dispelling water and yielding the volatile phthalic
anhydride, which collects as long necedles in the
cooler parts of the container.

Growth through Application of
High Pressure and Temperature

The growth of crystals of difficultly soluble sub-
stances, which are not amenable to melt or vapour
techniques, may require the use of special growth
methods involving the employment of high pressure
and temperature. A typical example is the produc-
tion of diamond in the laboratory under pressures of
the order of 100,000 atm. and temperatures around
2000°K.1%,

Due to low solubility, quartz crystals cannot be
grown from solution under ordinary conditions;
however, at pressures near 15,000 1b./in.2 and tem-
peratures around 400°C., quartz crystals may be
grown from alkaline solutions at rates of approxi-
mately 0-1 in./day™0. High pressure increases the
solubility to a point at which growth from solution
is possible. In the same way, organic solids whose
physical properties make it difficult for the crystals
to grow by ordinary means may be grown from
organic solvents through the use of high pressure
and temperature.

Mechanism of Single Crystal Growth
from Melt

The production of single crystals from melt in-
volves the provision of conditions under which
atoms or molecules of the melt ‘ freeze out’ on to a
nucleus, which is itself a single crystal, in such a
manner as to perpetuate the lattice array of that
nucleus. Such a nucleus may be a ‘seed’ crystal,
or the nucleation may occur spontaneously in a
supercooled melt at the end of the container. In
the latter case it is probable that a large number of
nuclei will be formed initially. However, because
of competitive growth, only one of these nuclei will
extend for any distance into the crystal.

At the freezing interface, latent heat is evolved
continuously and if the crystal is to grow at the
expense of the melt, the latent heat must be re-
moved continuously. If the melt is, at all points,
at a temperature equal to or greater than the melt-
ing temperature, T, the latent heat can be removed
(when the material is ## vacuo) only by conduction
down and radiation from the portion of the charge
which has already crystallized. Thus, a temperature
gradient must be maintained along the length of the
crystallized solid. However, if some portion of the
melt is supercooled, a part of the latent heat will
be dissipated by conduction into the melt, but a
supercooled melt is deleterious to the growth of
good quality crystals and should be avoided.
Generally, there exists a temperature gradient in
the melt with temperature increasing away from the
interface. In such cases there is a net flow of heat
from the melt through the interface which also must
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be conducted down the solid.
equation is:

The heat transfer

ar ... -dr dx
K‘A‘dx, I\‘A'dx, = ALPdT ..(1)
where K is the thermal conductivity of the material;
A, cross-sectional area of the charge; T, temperature;
%, coordinate of the interface, measured along the
charge; @, density of the material; and L, latent
heat of the material. The subscripts s and [ relate
to the solid and liquid phases respectively.

Since the cross-sectional areas A, A; and the
area of the interface 4 are equal, Eq. (1) becomes

K.Gy-KGi=RELp (2)

where G is the temperature gradient and R the
growth rate, i.e. rate of movement of the interface.
The maximum rate of growth of a crystal is
governed by the rate at which the latent heat is
removed from the solid-liquid interface, in the
absence of supercooling, and when the temperature
gradient in the melt is zero (G, = 0), it is given by

Rmax. = I\'sGs/LP nee (3)

But, very often, the material contains a finite
amount of soluble impurity. Hence, to avoid in-
homogeneities in the crystal, there must exist a
temperature gradient in the melt, the magnitude of
which must increase with increasing amounts of
solute and which will vary according to the nature
of the solute. Thus, in any real crystal growth
experiment the growth rate must be less than R .

Eq. (1) involves the values of the temperature
gradients and thermal conductivities close to the
interface. The value of G; for a crystal grown
in vacuo will depend on the emissivity of the solid
and the temperature of the surroundings to which
it radiates, as well as on the thermal conductivity
of the solid which is itself temperature dependent.
The rigorous expressions for G; and Rpax, appli-
cable to all melting temperatures, arel41,142:

rs = d—T = _259',, T6 6 g " ¥
G’_(dx),=o" [3r1<m'1‘”{(["' 2yt o(Tf..—To)}]

0
and
dx K, [dT
- (4 e
Hone (l‘”)max. PL (dx)1=0 ( )
206K, o B
" [amégjég(lg T 3ITYTE, -1?,)}] (6)

where 7 is the radius of the vertical cylindrical ingot
in thermal contact with its melt at ¥ = 0; 7', tem-
perature of the surroundings to which it radiates;
K,,, thermal conductivity at the melting tempera-
ture; o, Stefan’s constant; and ¢, emissivity of the
surface.

1f T,,>T,, T, may be neglected and Eq. (6) then
reduces to

dx 26¢K,,, ]}
- = e lZ
Rmax. (dt)max. [3,92[;; Tm] ( )
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For low melting point materials, such as naphtha-
lene, T, is not > T and the terms in Eq. (6) cannot
be neglected, in fact they contribute 20-30 per cent
for such materials.

Eq. (7) shows that Ry, is proportional to r—#
and 1s greater, the thinner the crystal, a fact borne
out by experience. The actual maximum growth
rate obtainable will be less than the value given by
Eq. (7), since the crystallized solid near the end of
the furnace is radiating to surroundings which are
at a temperature greater than T, and also heat
radiation from the solid ingot is considerably reduced
by shielding of the crystal container. The maxi-
mum growth rate may be further increased by the
use® of a ‘ heat sink .

The growth process can be pictured as a molecule
by molecule addition to an already existing crystal
lattice. This can readily occur on all but a few
close-packed, low index faces. The rate of growth
on these close-packed faces is so much slower than
on other faces that it determines the maximum rate
of growth of the crystal. A new layer of molecules
can be started on a perfect low index surface only
by the formation of a disc of molecules which must
have a radius, 7, greater than 7., the critical radius,
if it is to be stable. The critical radius can be
obtained as follows#1.

The free energy, F, of such an island monolayer
is given by

F = — wrlo+4-2mrY .(8)

where o is the free encrgy per unit area gained when
a molecule becomes attached to the nucleus and
Y is the free energy per unit length of the step at
the boundary of the nucleus. At the point of
maximum free energy, F,, where

AF[dr =0-= —2nre | 27rY
we have r = 7., the critical radius. Thus
7o = Yo .+(9)

and

Fy = nV%o ...(10)
The number of molecules required for a stable
nucleus of some organic compounds has been calcu-
lated (Table 2) from the velocity of ultrasonic waves
in the liquid!#3144,  Calculation of the frequency of
formulation of such a nucleus has also shown that
finite growth rates are possible only when the
extent of supercooling is greater than the critical
value, usually of the order of several degrees Centi-
grade.

TABLE 2 — NUMBER OF MOLECULES IN A STABLE NUCLEUS

Substance Number of
molecules
Naphthalene 808
Phenol 750
Azobenzene 960
Paraffin 610
Sn, Pb, Bi alloy 735

The maximum growth rates from the above
mechanism have been found to be of orders of
magnitude smaller than the observed rates. One
explanation for this anomaly is that certain dis-
locations, such as screw dislocation, provide a
mechanism of growth that does not require secon-
dary nucleation to propagate a growing crystal
face’®3, Hillig and Turnbull5 calculated the
growth rates on a screw dislocation for a crystal
grown from melt and the results agree with the
experimental values for two organic liquids, glycerine
and salol.

An explanation for the different modes of solidi-
fication observed in different crystals is that some
crystal surfaces tend to be smooth, whereas others
do not3,  The conditions, which govern the smooth-
ness or roughness of the interface for a given mate-
rial, have been deduced by evaluating the relative
surface free energy (i.e. the free energy of the surface
relative to that of an atomically smooth plane) as a
function of the fraction of the surface atomic sites
which are occupied™8. It was found that the
growth surface will be rough or smooth according

as « 2 2, where
i Lo\ (m
kT \ v

where L is the change in internal energy between the
two phases; &, Boltzmann’s constant ; Tz, equilibrium
temperature of the two phases; v,, total number of
nearest neighbours out of a possible total of v, of a
molecule in a monomolecular layer parallel to the
plane face; and (v,/v), the fraction of the total number
of nearest neighbours in a plane parallel to the face
under consideration. All crystals have some sur-
faces which are rough, and which, therefore, do not
require surface nucleation, but some crystals do
not have any smooth surface. Faces which are
smooth at the equilibrium temperature (a slightly
greater than 2) become rough when supercooling
takes place. A smooth sarface is distinguished by
large well-developed facets. This is characteristic
of growth from vapour or from dilute solution
(where a ~ 20) but can also occur in a few cases of
growth from melt. A rough surface has no facets
and growth can proceed on such a surface with only
a nominal extent of supercooling.

Most organic compounds have a value of Ly/kTy
for fusion which is greater than 4. All these com-
pounds should grow with large flat faces exposed
to the liquid. Salal and thymol, for example, do
grow this way. A few organic compounds have
L/kTy between 2:5 and 4. They may or may not
grow with one or more smooth faces, depending on
their crystal structures. These materials have not
been investigated experimentally.

(1)

Morphology of the Solid-Liquid Interface

Two conditions of heat flow are recognized at
the interface. In the first case, ‘normal’ growth,
the direction of heat flow is through the solid
[Fig. 8(I)]. There is a slight supercooling of the
melt at the interface, but only sufficient for growth
to take place, the temperature in the melt being
everywhere higher than in the solid. In the second
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case, the liquid is supercooled and the temperature
may be lower than that in the solid [Fig. 8(II)].
Heat flow may now be either through the solid or
through the liquid. Under these conditions very
high growth rates are possible. However, this leads
to dendritic growth.

The structure of the solid-liquid interface in a
growing crystal can assume any of the following
forms: (i) step-like, (ii) cellular, (iii) dendritic, or
(iv) facets, depending on the growth conditions
and material. The particular form depends on the
parameters G, R, C, (the average concentration of
any solute material), K (its segregation coefficient),
and D (its diffusivity in the solvent liquid material).
The prediction of the steady state interface has
been discussed by Bolling and Tiller47-150,

Step-like interface — When the plane of the solid-
liquid interface corresponds fairly closely to a
principal crystallographic axis, the surface consists
of a series of steps, each step being approximately
parallel to the main surface’®. A possible mecha-
nism for this has been proposed by Chalmers?®2,
If the interface is tilted slightly away from the
close-packed plane, it will acquire steps of mono-
atomic height which will be the closer together the
greater the angle of tilt (Fig. 9). Further, if the
growth is to proceed by the ‘ freezing out ’ of atoms
(or molecules) at the re-entry corners which the
edges of the step provide, then the steps will move
across the interface from right to left. The rate of
movement of these steps depends on the rate of
conduction of heat from the interface through the
solid, on the rate of transfer of heat from the liquid
to the solid, and on the liberation of latent heat.
This liberation will cause steps which are close
together to grow more slowly than those which are
widely separated. In Fig. 10(I), therefore, steps B
and C will move slowly and A and D more rapidly.
This leads to the production of multiple steps [B, C
and D in Fig. 10(II)] which will move even more
slowly. An initial irregularity in step distribution
would, therefore, lead to the production of large
multiple steps across the crystal surface.

The same results could be obtained if it is assumed
that new layers!5? are formed on each of the steps!s2.
The probability of a new layer forming is greater
in the region remote from the growing step, i.e.
between C and D [Fig. 10(I)]. The formation of a
new layer causes the distance from C to D to become
very small, while the distance D to E increases
correspondingly. D-E becomes the most probable
site for a new layer, with the result that E may
approach C and D. Thus, several large steps would
develop from a series of smaller ones.

Unless there is a permanent growth step at E,
some nucleation must occur to maintain growth.
Each new layer may be formed by two-dimensional
nucleation on the surface of the ‘ cells * which occurs
across the surface. For instance, the site A in
Fig. 11 is very suitable, as this point is most remote
from the site B where latent heat is being libe-
rated. Growth from the melt can, therefore, be
explained without recourse to dislocations, although
presumably growth will be facilitated by their pre-
sence. There is, however, no doubt that dislocations
do exist in crystals grown from the melt145:1%, The
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Fig. 11 — Representation of the process of formation of steps
for two-dimensional growth

observed density of dislocations varies from 103
to 108/cm.?, depénding on the material and the
conditions during growth. Metal crystals grown
from melt appear to have, on the average, higher
dislocation density than ionic crystals, such as the
alkali halides and organic crystals grown in the same
way.

Cellular interface — The substructures known as
‘fine lines’ (ref. 155) or ‘ corrugations’ (ref. 156) have
been investigated. While trying to establish whether
this was a surface or body phenomenon, it was found
that the solid at the interface consisted of an array
of hexagonal cells whose centres projected into the
melt slightly ahead of their boundaries. The same
structure was revealed throughout the crystal.
Hence, the crystal consists of a number of parallel
elements of prismatic form, and the observed corru-
gations are the lines of intersection of pairs of these
elements with the free surface.
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At medium rates the hexagonal cells were very

regular. At higher rates, a small percentage of the
cells had enlarged considerably and projected into
the melt. At low growth rates, the cellular struc-
ture was suppressed, although the striations re-
mained. The cellular structure could also be
suppressed by a steep temperature gradient (75°C./
cm.) at the solid-liquid interface. An investiga-
tion1%? of the cell size as a function of G and R for a
given concentration has shown that the cell width
increases linearly with 1/RG. The shape of the
cells also varies with the orientation of the inter-
face. :
The cellular structure has been shown to be largely
due to the presence of impurities!®®. Goss!®8 has
shown that the impurities not only have a pro-
found effect on the appearance of the substructure,
but may even make the growth of single crystals
at high rates difficult if present at about 0-1 per
cent of their solubility limit. It is not clear,
however, at present, to what extent the substruc-
ture can be reduced by completely removing of
impurities.

The transition from a ‘smooth’ (or step-like)
to a cellular interface has been investigated by a
number of workers!%7:18-182_ The breakdown begins
with the appearance of pox on the interface. Ini-
tially the pox marks are widely scattered, but their
size and density increase as the transition ap-
proaches. Pox marks appear only on interfaces
which do not exhibit a platelet structure. Just
within the cellular region the interface consists of a
mixture of pox and irregular cells, and the cells
subdivide into elongated cells. Still farther away
from the transition, the elongated cells subdivide
into an array of nearly regular cells. In Fig. 12
(ref. 150) the wvarious transition morphologies are
shown as a function of constitutional supercooling0?
produced by redistribution of the solute at the inter-
face, due to changes in composition of the melt.
The subject of constitutional supercooling and the
conditions for no supercooling have been reviewed
by Hurle4? and Brice!43.

Dendritic interface— When the extent of super-
cooling, whether constitutional or thermal, becomes
large, the growth becomes dendritic. Dendrites are
projections or tree-like skeletons formed ahead of
the coherent solid-liquid interface and consist of
primary dendrite arms often parallel to the direc-
tion of growth and secondary dendrite arms growing
out at right angles from the primary arms (Fig. 13).

The exact mechanism of growth is not fully
understood, but several significant observa-
tions47,150,153,163-172  have been made. The tem-
perature distribution near the interface must be
similar to that shown in Fig. 14, as the dendrite
pushes into the melt it encounters regions of
increasing supercooling which results in an increas-
ing rate of growth. The tip of the primary arm of
the dendrite appears to be rounded and there appears
to be a preferred orientation for growth. In various
metallic systems, the dendrite always forms along
the cube axis!48,149,183,164,166 ]t js suggested that,
in general, the axis of the dendrite could be inter-
preted as the axis of a pyramid formed by the
closest packed planes of the lattice. According to
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this view, the dendrite advances by two-dimensional
nucleation of each of the four walls of the pyramid,
two-dimensional nucleation being relatively easy
in the supercooled melt. ‘

Studies on cellular structure!®:17 have suggested
that dendritic growth may be a different form of
normal growth rather than a completely different
process. A possible picture may be as follows.
Normal growth occurs by the edgewise expansion
of steps (Fig. 15). Any impurities in the melt will
be rejected by the edgewise growth and will accu-
mulate in the troughs (C) to which the steps
advance. Dislocations and substructure must be
generated at C to accommodate the impurities.
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Fig. 16 — ‘ Crowding out’ of the seed with less favourable
orientation

At slow growth rates the impurities have more
time to escape from the advancing step and may
homogenize in the melt. The reduced concentra-
tion of the trapped impurities is reflected in the
reduced substructure, i.e. increasing cell size. New
layers, may be created by two-dimensional nuclea-
tion, specially at points such as A (Fig. 15). The
rate of nucleation will depend on the conditions at
the interface, but nucleation will be a relatively
slow process. Consequently, under conditions of
supercooling, the few nuclei formed will tend to
develop before others can form. This is so because
the nucleus, now an embryo dendrite, encounters
increasing supercooling as it grows into the melt,
and, therefore, grows increasingly rapidly.

As a possible defect in crystals, dendrites are
easily avoided; they can form only when the extent
of supercooling in the melt is considerable and can
be avoided if supercooling is guarded against.

Faceted growth — Crystals of some semi-metals,
many semiconductors (gallium, germanium?41,165,167,
bismuthl®, silicon'™, indium antimonide!®, etc.)
and organic compounds have an external- form
bounded by large facets. All these materials have
o > 2 (refs. 146, 176) (Eq. 11) and the faceted
structure is taken to be characteristic of a smooth
interface where surface nucleation is required to
start new layers. A mechanism for the appear-
ance of facets on the crystals has been proposed by
Petrov?,

Nucleation and Growth of Stray Crystals

There is always a preferred orientation for growth,
so that, if more than one nucleus forms, those with
the preferred orientation may ‘crowd out’ others
with less favourable orientations!™. If two crystal
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seeds with different orientations are placed side by
side and grown together, for slow growth rates the
boundary between the crystals runs parallel to the
direction of growth [Fig. 16(I)], but for faster
growth rates, the seed with the preferred orientation
diverges and tends to ‘ crowd out ’ the less favoured
seed [Fig. 16(II)]. This process seems to be im-
portant in the growth of crystals by the Bridgman-
Stockbarger method. During the period of rapid
growth following nucleation, i.e. when the melt is
supercooled, nuclei with preferred orientation will
grow more . rapidly, and ‘crowd out’ the
less favoured nuclei [Fig. 16(I11)]. Bridgman-
Stockbarger method sometimes gives a single crystal
and sometimes a polycrystalline specimen, although
the growth conditions appear to have been identical.
This may be not due to the formation of different
numbers of nuclei, but to their different orientation.
Thus, an attempt to grow a crystal of controlled
orientation will be futile if a new crystal is formed
whose orientation is unrelated to that of the seed
crystal. For such a crystal to be formed it must
first be nucleated and then grown. It is referred to
as a stray crystal.

A stray nucleus may exist on the surface of the
crystal container, on the free surface of the molten
material, or within the melt itself. If it exists in
the melt, then, for growing, it must exist in a super-
cooled region of the melt so that the latent heat
which it evolves is taken up by the melt, thus
reducing the extent of supercooling. Supercooling
may be either thermal, due to the finite rate of
freezing, or to radiation of heat from the melt, or
constitutional. The effect of the latter is greater,
the greater the solute content, the greater the
growth rate, and the lower the temperature gradient
in the melt. Thermal supercooling may occur at
fast rates of growth by radiation from the melt.
To prevent stray nucleation at a free surface, the
growth should be either in inert atmosphere or
vacuum.

If the growth conditions are such as to lead
to the subsequent occurrence of constitutional or
thermal supercooling, the probability of stray
nucleation taking place will depend on the amount
and extent of supercooling. The solutes with large
values of |1—K| are most cffective in producing
constitutional supercooling.

The probability of stray nucleation resulting from
supercooling has been examined by Chalmers!?.
If the extent of supercooling at the interface is re-
presented by AB [Fig. 8(I)], under the existing
temperature gradient in the melt, supercooling will
occur over the distance AC into the melt ahead of
the interface. Increase in the temperature gradient
in the melt will reduce AC. The probability (P)
of stray nucleation depends on the extent of super-
cooling and the time for which it is operative, and
thus the relation

P =j's it .(12)

0

where s is the amount of supercooling operative
for a time d¢. If S, the maximum extent of super-
cooling, is proportional to the speed of freezing,
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AR, then for a temperature gradient G,
AR
— 26

Thus the probability of stray nucleation increases
with increasing growth rate and with decreasing
temperature gradient in the melt, G. <
Spontaneous formation of a nucleus in the melt
is unlikely as it requires a large extent of super-
cooling, any stray nucleus which is formed within
the melt is probably produced from an already
existing nucleus. According to Holloman and
Turnbull’?®, the initial growth in a melt takes place
frequently from such existing stray nuclei consisting
of impurities. For this, the crystal structure of the
impurity particle should be similar to that of the
solid material for it to behave as a successful
nucleating agent. In material with unique crystal
structure, e.g. gallium, initial nucleation can be
expected to occur only by the production of a gal-
lium nucleus, and that is why the extent of super-
cooling in gallium is frequently pronounced.
Regarding the circumstances in which a stray
nucleus can grow, if the stray nucleus is nucleated
at the surface of the crystal, the shape of the solid-
liquid interface will determine whether or not it
will grow into the crystal. If it is assumed that
the growth of both the crystals, the main and
the stray one, proceeds at right angles to the inter-
face, then the stray nucleus will grow into the
crystal for an interface concave to the melt (Fig. 17);
for a planar interface the stray nucleus will grow
only on the surface and for a convex interface the
stray nucleus will grow out immediately. Thus, by
having the interface shape sufficiently convex to the
melt, all stray nuclei, even those more favourably
oriented than the main crystal, can be suppressed.
If the solid at the interface is convex, the net
flow of heat radially in the melt, adjacent to the
interface, is inwards and if it is concave, the heat
flow is outwards to the surface of the melt. The
amount of heat lost from a unit length of a cylindri-
cal crystal of radius r by conduction parallel to the
axis is proportional to #2. The amount of heat lost
by radiation from the surface is proportional to 7.
Thus, the ratio of heat removed from the interface
by conduction to that lost by radiation is propor-
tional to r. Therefore, the concavity of the inter-
face increases with decreasing ». This is consistent
with the observation that it is easier to grow thick
crystals than thin ones.
Sometimes, during the growth of a single crystal
the orientation of the crystal alters in such a way

soLI0 ' Liouin
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Fig. 17 — Effect of interface shape on the growth of stray
crystals
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that the new crystal cannot be considered to be
stray in the sense that its orientation is unrelated
to that of the main crystal. The orientation bears a
twin relationship to the main crystal, i.e. the new
crystal is the image of the main crystal in a plane
called the twinning plane. Twinning can also occur
about a single line — the twinning axis — and the
difference between the components may be a simple
rotation or a combination of rotation and reflection.
Several possible reasons for the formation of twins
in crystals have been advanced!80-18¢, To avoid
twinning, slow regular growth and high purity of
the material are necessary and thermal stresses,
in particular, should be avoided.

Origin of Imperfections

The imperfections that may occur as a result of
solidification may be classified as point, line, surface
and volume defects. No single crystal has yet been
produced with a perfectly periodic lattice array free
from all imperfections.

Point Defects

The only point defects likely to be found in
crystals which have not been subjected to bombard-
ment by energetic particles or to very high local
stresses are vacancies. Vacancies in excess of the
concentration corresponding to thermal equilibrium
are considered as defects. Fall in temperature,
after the completion of solidification, produces an
excess concentration; a more relevant point, how-
ever, is whether an excess concentration is produced
by the process of solidification itself. If growth
takes place by the addition of single atoms or mole-
cules, it is possible that a site could be filled by an
atom or molecule from the crystal rather than by
an atom or molecule from the melt. The relative
probability of these two events is governed largely
by the appropriate activation energies and is of the
order of 10-3 to 10-%. Hence, one atom or molecule
in 103 or 104 that fills a site is expected to come
from the crystal and to leave a vacancy. These
vacancies migrate rapidly and many reach the
interface, but it may be expected that a substan-
tial fraction, which increases with increasing speed
of motion of the interface, will not reach the
interface.

Dislocations

Three possible mechanisms have been proposed
for the origin of dislocations during solidification:
(i) stresses due to non-planar isothermal surfaces,
(i) stresses due to variation of lattice parameter
caused by non-uniformity of solute content, and
(iii) condensation of vacancies to form discs which
collapse to dislocation rings.

There is strong evidence for the occurrence of the
first two causes, but the third one, which is inherent
in the process of solidification, is relatively un-
important ; Dash!8%186 grew silicon crystals in which
very large volumes were free from dislocations.
The requisite conditions are very high purity and a
planar crystal-melt interface, which would be ex-
pected to decrease the importance of the first two
causes. It may, however, be argued that the
condensed vacancy mechanism is still valid and
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the dislocations so formed are able to move out of
the crystal as it grows.

Surface Imperfections

The surface imperfections to be considered are
grain boundaries and lineage boundaries. The
former occur when two independently nucleated
crystals grow adjacently; the origin of such boun-
daries is, therefore, associated with the nucleation of
new crystals in a melt in which a crystal is already
growing. Lineage (or macromosaic) boundaries are
those between different parts of a crystal originating
from a single nucleus. Many, if not all, boundaries
of this type are formed by the aggregation of dis-
locations into boundary arrays. The difference in
the orientation increases progressively with increas-
ing distance from the point of origin®?. The
directions of the lineage boundaries are controlled
by the direction of cellular growth when present;
in other cases the lineage boundaries are apparently
random in direction.

Volume Imperfections

Any heterogeneity of composition can be regarded
as a volume imperfection; heterogeneity arises from
the rejection of solute by the solid (or the preferen-
tial solution of solute in the solid). This causes
the melt near the growing interface to differ in
composition from the melt that is more remote.
Any movement of solute, whether caused by diffu-
sion or by mass movement of the liquid containing
it, causes the final distribution of solute to be
heterogeneous. Diffusion must always occur and
its extent is controlled by the concentration gradient
and by the time available; mass movement can
occur as a result of convection caused by differences
in temperature or by the difference in density
resulting from the changed concentration of the
solute, or as a result of the change in volume on
freezing.

Requirements for Successful Crystal Growth
from Melt

The growth of good quality single crystals from
melt is an art as well as a science and it is difficult
to generalize the exact conditions required for
successful crystal growth, since these tend to differ
from one crystal to another.

The primary consideration is that the material
should be of high purity. Mechanical and thermal
stability of a high order is essential for crystal
perfection. A good crystal has both a high macro-
and a high micro-perfection. Macro-perfection can
be considered as freedom from stray crystals, twin
boundaries and generally any large angle boundaries,
such as lineage or striations. Micro-perfection re-
presents freedom from dislocations and point defects
such as vacancies, interstitials and impurities.

Macro-perfection

Formation of stray nuclei can be prevented by
avoiding supercooling of the melt, stress at or near
the solid-liquid interface and by having a controlled
solid-liquid interface shape. These preconditions
can be achieved by taking a pure material, main-
taining a fairly steep temperature gradient in the
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melt, having a slow growth rate and providing a
vacuum or inert atmosphere. Stresses due to thermal
expansion and contraction should be reduced by
ensuring that the material does not wet or adhere
to the containers. A planar or slightly convex
interface helps in reducing the stresses as well as
prevents the growth of stray crystals at the surface
of a growing crystal. It may be advantageous to
make the ingot almost square in cross-section. The
cross-section should also be large enough to minimize
edge effects, but not sufficiently large to make
temperature across the surface difficult to stabilize.

' Micro-perfection

High purity of the material is essential for attain-
ing micro-perfection. It is not possible to grow
single crystals from the melt entirely free from
dislocations. However, the dislocation density is
probably lower when growth takes place from a
high quality seed crystal than when no seed is used.
In the latter case growth will commence by the
formation of dendrites in a supercooled melt and
the complex thermal pattern and the inter-dend-
ritic segregation which result probably give rise
initially to large numbers of dislocations some of
which will be perpetuated throughout the crystal.
Thermal stress and mechanical vibration are other
possible causes of production of dislocation.

Vacancies will always be present, since there is
an equilibrium concentration of vacancies in the
crystal which increases with temperature. It is
probable that the absence of thermal stress, achieved
by having planar or slightly convex isothermals,
and a small temperature gradient in the solid
reduces the extent of multiplication. If possible
the solid should be maintained at a temperature
low enough for the equilibrium concentration of
defects to be negligible, but high enough for any
defects to be sufficiently mobile to diffuse either
back to the interface or to the free surfaces. The
temperature gradient at the interface should be as
steep as is consistent with this and with the fact
that the temperature of the melt should be as uni-
form as possible and (in general) low enough for the
vapour pressure to be low; under these conditions
growth rate should be as low as possible.

To sum up, the crystal growth apparatus should
have the following features: (i) be free from vibra-
tion; (ii) permit uniform growth (i.e. constant rate
of movement either by the furnace or the crystal
container as well as constant power to the furnace);
(iii) provide a wide range of growth rates; (iv) keep
the crystal in vacuum or inert atmosphere;
(v) permit control of the shape of the solid-liquid
interface; (vi) provide fairly steep temperature
gradients in the solid and the melt; (vii) the crystal
container should be of fairly low thermal conducti-
vity and preferably not wetted by the material;
and (viii) the material should be of high purity.

Summary

The methods of growing single crystals of organic
solids, including special methods applicable to those
compounds whose single crystals cannot be grown
by the conventional methods are discussed. The
advantages and disadvantages of the various
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methods are outlined. The mechanism of formation
of single crystals, the morphology of the solid-liquid
interface and the types of imperfections and causes

of their origin are dealt with in detail.

The requi-

site conditions for growing good single crystals are
listed.

Acknowledgement
The authors are thankful to Prof. B. D. Nag-

chaudhuri,

Director, Saha Institute of Nuclear

Physics, for his keen interest in the work and helpful
suggestions.

References

1.

2. CHALMERS, B., Principles of solidification (John Wiley & |

12.

. BuckLEy, H. E.,

. SEARrs, G. W., [. chem. Phys.,
. GiBss, ]J. W., Collected works, Vol. 1 (Longmans, Green

. STRANSKI,

. FRENKEL, J.,

Crystal growth, Procecdings of an international con-
ference on crystal growth, edited by H. S. Peiser
(Pergamon Press Ltd, Oxford), 1967.

Sons Inc., New York), 1964

. The art and science of growing crystals, edited by J. J.

Gilman (John Wiley & Sons Inc., New York), 1963.

. Rev~oLps, G. F., cited in Physics and chemistry of the

organic solid state, Vol. 1, edited by D. Fox, M. M.
Labes & A. Weissberger (Interscience Publishers Inc.,
New York), 1963, 223.

. Growth of crystals, Vol. 4, edited by A. V. Shubnikov &

N. N. Sheftal (Consultants Burcau Inc., New York),
1966.

. Growth of crystals, Vol. 3, edited by A. V. Shubnikov &

N. N. Sheftal (Consultants Burcau Inc., New York),
1962.

. Growth of crystals, Vol. 2, edited by A. V. Shubnikov &

N. N. Sheftal (Consultants Burcau Inc., New York),
1959.

. Growth of crystals, Vol. 1, edited by A. V. Shubnikov &

N. N. Sheftal (Consultants Burcau Inc., New York),
1959.

. Murniy, J. W., Cryslallization (Butterworths Scientific
10.
11.

Publications, London), 1961.

HorLpeEN, A. N. & SINGER, P.,
growing (Doubleday & Co. Inc., New York), 1960.

LawsoNn, W. D. & Ni:LseN, S., Preparation of single
crvstals (Butterworths Scientific I’ul)licati(ms, London),
1958.

Growth and perfection of crystals, edited by R. H. Dore-
mus, IB. W. Roberts & D. Turnbull (John Wiley &
Sons Inc., New York), 1958.

Crystal growth (John Wiley & Sons Inc.,

New York), 1951.

Crystals and crystal

. Datr, S. C,, VERMA, J. K. D. & Nag, B. D., ]. scient.

ind. Res., 26 (1967), 57.

. DatT, S. C., VERMA, J. K. D. & Nag, B. D, Sci. & Cult.,

32 (1966), 57

. Laupise, R. A, cited in Crystal growth, Proceedings of

an international conference on crystal growth, edited
by H. S. Peiser (Pergamon Press Ltd, Oxford), 1967.
24 (1956), 868.

& Co., New York), 1928, 325.

. Curig, P., Bull. Soc. Miner. France, 8 (1885), 145.
. WuLFF, G., Z. Kristallogr. Miver.. 34 (1
. van LAUE, M., Z. Kristallogr. Miner., 1vo (i2'3), 124.
. HErRRING, C,,

901), 449.

cited in Structure and properties of solid
surfaces, cdited by R. Gomer & C. S. Smith (University
of Chicago Press, Chicago), 1953, 5.

. CHERNOV, A. A., Soviet Phys. Crystallogn, 5 (1960),
423; 7 (1963), 728; 8 (1964), 401. )
. CHERNOV, A. A., Soviet Phys., Uspekhi, 4 (1961), 116.

. VoLMER, M., Kinetic der Phasenbildung (Steinkopff,

Dresden), 1939.

. KosseL, W., Nachr. Ges. Wiss. Géettingen, Math. Physik.

KL, Ila (1927), 135.
[. N., Z. physik. Chcm

l36 (1928), 259;
B-11 (1931) 342; B-17 (1932), 1

. StraNsk1, 1. N., Discuss. Faraday Soc 5 (1949), 13.
. BECKER, R. & DORING, W., Annln. Phys, 24 (1935),

719.
Kinetic theory of liguids (Clarendon Press,
Oxford), 1946.

31.

32.
33.

34.
3s.
36.

37.
38.

39.

41.
42.

72.

. Dukova,

. Focas, P.

. SaMELsow, H.,
. LipseTT, F. R., Can. J. Phys.,
. HoLMBERG, R. N. & LIvINGSTON,

. VoLMER, M. & Scuurtze, W., J. phys. Chem.,

BurToN, W, K. & CABRERA, N., Discuss. Faraday Soc., 5
(1949), 33, 40.

Frank, F. C Discuss. Faraday Soc., 5 (1949), 48, 67.

Frank, F. C.. Phil. Mag., 41 (1950), 200; Supplement, 1
(1952), 91.

BurtoN, W. K., CaBRERA, N. & Frank, F. C., Phil.
Trans. R. Soc., A243 (1951), 299.

CoTTRELL, A. H Dislocations and plastic flow in crystals
(Oxford Umverslty Press, New York), 1953.

Reap, W. T., Dislocations in crystals (McGraw-Hill
Book Co. Inc New York), 1953.

Nasarro, F. R. N., Adv. Phys., 1 (1952), 269.
FIsHER, J. C., Dislocations and the mechanical properties
of crystals (John Wiley & Sons Inc., New York), 1957.
Frank, F. C,, cited in Growth and perfection of crystals,
edited by R. H. Doremus, B. W. Roberts & D.
T urnbull (John Wiley & Sons Inc., New York), 1958,

304,

2 CABRERA N. & VERMILYEA, D. A, cited in Growth and

perfection of crystals, edited by R H. Doremus, B. W.
Roberts & D. Turnbull (John Wiley & Sons Inc.,
New York), 1958, 411.

VERMA, A. R., Crystal growth and dislocations (Academic
Press Inc., London), 1

VERMA, A. R. & KRisuNA, P., Polymorphism and poly-
typism in crystals (John Wiley & Sons Inc., New York),
1966, 192.

. Hirty, J. P. & Pounp, G. M., Condensation and evapora-

tion (Pergamon Press Ltd, Oxford), 1963.

. BRANDSTATER, M., Z. Electrochem., 56 (1952), 968
. LEMMLEIN, G. C., Dukova, E. D. & CHERNOV, A. A,,

Kristallografia, 2 (1957), 428.
E. D., Soviet Phys. Cryslallogr., 6 (1961),
357.

. Dawson, I. M., Proc. R. Soc., 214A (1952), 72.

. REvNoLps, P. M. & VErRMA, A. R., Nature, Lond., 171
(1953), 486.

. Dawsox, [. M. & Vanp, V., Proc. R. Soc., 206A (1951),
555.

. ANDERSON, N. G. & Dawson, I. M., Proc. R. Soc., 218A

(1953), 255.

. DEREYSER, W. & AMELINCKS, S., Les Dislocations et

la Croissance des Cristaux (Mason, Paris), 1956.

. Techniques of organic chemistry, Vol. 4, edited by A.

Weissberger (Interscience Publishers Inc., New York),

1951, 611.
D., J. appl. Phys., 31 (1961), 1733.
J. appl. Phys., 32 (1961), 309.
35 (1957), 284.
R., J. chem. Phys.,
33 (1960), 541.

. Marx, P., Z. Natwrf., 160 (1961), 952.
. ZWERDLING, S. & HaLForD, R

S., J. chem. Phys., 25
156A

(1955), 2215.
(1931), 1.

. BRADLEY, R. S. & Drury, T., Trans. Faraday Soc., 55

(1959), 1848.

. ReEvNoLps, G. F. & Brosk, C. L., cited in Physics and

chemistry of the orgamc solid slalz, Vol. 1, edited by
D. Fox, M. M. Labes & A. Weissberger (Interscience
Publishers Inc., New York), 1963.

. HonigmaN, B., Z. Electrochem., 58 (1954); 322.
. KITCHENER, S. A. & STRICKLAND-CONSTABLE, R. F.,

Proc. R. Soc., A245 (1958), 93.

. WuLFF, G., Z. Kristallogr. Miner., 34 (1901), 449; 50

(1912), 17.

. Moorg, R. W., J. Am. chem. Soc., 41 (1919), 1060.
. MosANER, H. & WuRrL, M., Avch. eleki. Ubertr., 5 (1951),

463.

. KJELLGREN, B., US Pat. 1,906,757 & 1,906,758 (1932).
. HoLpEN, A. N., Discuss. Faraday Soc.,
. WALKER, A. C,, ] Franklin Inst., 250 (1950) 481.

.KONSTANT!NOVA, Ve P, Su.vx-:s-nzov.s I. M. & ALEk-

5 (1949), 312.

sanprov, K. S., Soviet Phys Crystallogr., 4 (1960), 63.

. Lixares, R. C,, cited in Physics and chemistry of the

organic solid state, Vol. 1, edited by D. Fox, M. M.
Labes & A. Weissberger (Interscience Publishers Inc.,
New York), 1963.

GavriLova, I. V., cited in Growth of crystal, Vol. 3,
edited by A. V. Shubnikov & N. N. Sheftal (Consultants
Bureau Inc.,, New York), 1962, 205.

25



73.

74.
75.
76.
77.
78.
79:
80.

81.
82.

83.
84.

85.

86.
87.
88.
89.
90.

9.
92.
93.

94.
95.

96.
97.

98.
99.

100.
101.

102.
103.

104.
105.

106.
107.
108.

109.

110.
. Nakapa, L., J. appl. Phys. Japan, 30 (1961), 560.
112.

26

J. SCIENT. IND. RES., VOL. 27, JANUARY 1968

CrHuMAKov, A. A., cited in Growth of crystal, Vol. 2,
edited by A. V. Shubnikov & N. N. Sheftal (Consultants
Bureau Inc., New York), 1959, 82.

RoBinsoN, A. E., Discuss. Favaday Soc., 5 (1949),
315.

BEeLYAEV, L. M., Vitovski, B. V. & DoBranskl, G. F.,
Soviet Phys. Crystallogr., 4 (1960), 749.

EREMIASSEN, F. & Svanog, H., Chem. metall. Engng,
39 (1932), 5%4.

KarPENKO, G., BELYAEV, L. M., Vitovskil, B. V. &
DoBrzHANSKI, G. F., Kristallografiya, 6 (1961), 146.
McConNELL, H. M., HELLER, C., CoLE, J. & FESSENDEN,

R. W., J. Am. chem. Soc., 82 (1960), 766.

Mivacawa, 1., Kurita, Y. & Goroy, W., J. chem.
Phys., 33 (1960), 1599.

Rez, I. S. & VARFOLOMEEVA, L. A, cited in Growth of
crystals, Vol. 2, edited by A. V. Shubnikov & N. N.
Sheftal (Consultants Bureau Inc., New York), 1959,
93.

AMELINCKS, S., Naturwissenschaften, 39 (1952), 547.

HEeLLER, C. & McConNELL, H. M., J. chem. Phys., 32
(1960), 1535.

Dawson, I. M. & VAND, V., Proc. R. Soc. A206 (1951),

555:

Rz, I. S. & TSINOBER, L. L., cited in Growth of crystals,
Vol. 1, edited by A. V. Shubnikov & N. N. Sheftal
(Consultants Bureau Inc., New York), 1959, 227.

Kozrovski, M. 1., cited in Growth of crystals, Vol. 3,
edited by A. V. Shubnikov & N. N. Sheftal (Consultants
Burean Inc., New York), 1962, 101.

KRUGER, F. & FINKE, W. Deutches Reich Pat. 228,246,
KI. 120 (1910).

VaLetoN, J. J. P., K. Sichs. Ges. Wiss. Math.-physik
(Leipzig), 67 (1915), 1.

WALKER, A. C. & Kouman, G. T., Trans. Am. Inst. elect.
Engrs (Part I), 67 (1948), 565.

CHRISTENSEN, C. J. & WALKER, A. C., US Pat. 2,459,869
1949).

R(EYNO)LDS, G. T., cited in Physics and chemislvy of the
organic solid state, Vol. 1, edited by D. Fox, M. M.
Labes & A. Weissberger (Interscience Publishers Inc.,
New York), 1963.

BransoMm, S. H., Dusning, W. J. & MiLrarp, B,
Discuss. Faraday Soc., 5 (1949), 83. -

vaN Uitert, L. G. & TrReUTING, R. G., J. chem. Phys.,
32 (1960), 322.

NACKEN, R., Neues Jahrb. Mineral. Geol., 2 (1915),
133.

KvrorouLos, S., Z. anorgallg. Chem., 154 (1926), 308.

NEuHAUS, A. & RECKER, K., Z. Electrochem., 63 (1959),
89.

HENDRICKS, S. B. & Jerrerson, M. E,, J. opt. Soc. Am.,
23 (1933), 299.

Joxes, R. V., cited in Menzies, A. C. & Skinner, ]J.,
Discuss. Faraday Soc., 5 (1949), 206.

CzocHRALSKI, J., Z. phys. Chem., 92 (1928), 219.

GEeRNEZ, M. D., C.r. hebd. Séanc. Acad. Sci., Paris, 95
(1882), 1278.

TammaN, G., Z. phys. Chem., 25 (1898), 441.

OBREIMOV, I. W. & SHuBNIKOV, 1., Z. Phys., 25 (1924),
31.

BripGMAN, P. W., Proc. Am. Acad. Arts Sci., 60 (1925),
303.

SToCKBARGER, D. C., Rev. scient. Imstrum., 7 (1936),
133.

STOCKBARGER, D. C., J. opt. Soc. Am., 27 (1937), 416.

STOCKRARGER, D. C., Discuss. Favaday Soc., 5 (1949),
294, 299.

SuerwooD, J. N. & THoMsoN, S. J., J. scient. Instrum.,
37 (1960), 242.

StEPaNov, I. V., VasiLEva, M. A. & SHeFTAL, N. N.,
Soviet Phys. Crystallogy., 5 (1960), 315.

SepEnpiarov, N. N. & ALEKSANDRov, B. S, cited in
Growth of crystals, Vol. 2, edited by A. V. Shubnikov &
N. N. Sheftal (Consultants Bureau Inc., New York),
1959, 61.

Darr, S. C., VErRMA, J. K. D. & Nag, B. D., J. scient.
ind. Res., 25 (1966), 455.

LipseTt, F. R., Rev. scient. Instrum., 29 (1958), 423.

LENINGER, R.
127.

F., Rev. scient. Instrum., 23 (1952),

113.
114.

115.

116.
117.
. WesTt, C. D.,
119.

120.
121.
122.

123.
124.

125.
126.

127.
128.

129.
130.

131.
132.
133
134.
135.
136.
137.
138.

139.

140.
141.
142.
143.
144.
145.
146.

147.

148.

149.

150.

151.
152.

Aprian, T, J., J. chem. Phys., 29 (1958), 1381.

Datr, S. C., VErRM4, J. K. D. & NAG, B. D., Indian J.
Phys., 41 (1967), 139.

WEeI, C. L., LIKHACHEVA, Y. S. & DoBrzuanski, G. F.,
cited in Growth of crystals, Vol. 4, edited by A. V.
Shubnikov & N. N. Sheftal (Consultants Bureau Inc.,
New York), 1966, 65.

STOBER, F., Z. Kristallogy. Miner., 61 (1925), 299.

STRONG, J., Phys. Rev., 36 (1930), 1663.

J- opt. Soc. Am., 35 (1945), 26.

BELVYAEV, L. M., BELIKkOV, G. S. & DoBrzHANSK], G. F.,
cited in Growth of crystals, Vol. 2, edited by A. V.
Shubnikov & N. N. Sheftal (Consultants Burcau Inc.,
New York), 1959, 77. .

Rousett, H. & LocHET, R., J. Phys. Radium, Paris, 3
(1942), 146.

PranN, W. G., Zone melting (John Wiley & Sons Inc.,
New York), 1958.

Grascow, A. R., Ross, G. S., Horton, A. T., ENAGONIO,
D., Dixon, H. D., SavLor, C. P., Furukawa, G. T,
ReiLLy, M. L. & HENNIG, J. M., Analytica chim. Acla,
17 (1957), 54.

Motrorcic, G., Bull. scient. Cons. Acads RPF Yougosl.,
1 (1953), 43.

Riano, E. & Portares, J. L. A., Chem. Abstr., 57
(1962), 5378h.

SCHLICHTA, P. J., J. scient. Instrum., 39 (1962), 392.

SivmoneLLi, A. P. & HicucHl, T., J. pharm. Sci., 50
(1961), 861.

Wolr, H. C. & DrurscH, H. P., Naturwissenschaften, 41
(1954), 425.

PranN, W. G., J. Melals, N.Y., 7 (1955), 961.

TiLLeER, W. A., [. appl. Phys., 34 (1963), 2757.

GrrrriTHS, L. B., WRIGHT, M. A. & Mravsky, A. L.,
The travelling solvent method of crystal growth, ASITA
AD-295, 726 (Tyco Laboratories Inc., Waltham, Mass.),
1962.

Mravsky, A. 1. & WEINSTEIN, M., J. appl. Phys., 34
(1963), 2885.

TammaN, G., Z. anovgallg. Chem., 182 (1929), 289.

KOFLER, A., Z. phys. Chem., A188 (1941), 201.

McCroNE, W. C., Discuss. Faraday Soc., 5 (1949),
158.

Korer, F., Z. Electrockem., 18 (1922), 511.

ARKEL, A. . VAN, Physica, 3 (1923), 76.

NitscHE, R., Physics Chem. Solids, 17 (1960), 163.

NitscHE, R., SARGENT, D. F. & WiLp, P., J. Crystal
Growth, 1 (1967), 52.

BoveNkERK, H. P., Buxpy, F. P., HaLL, H. T., STRONG,
H. M. & WenTorF (]Jr), R. H., Nature, Lond., 184
(1959), 1094.

WALKER, A. C. & BUEHLER, E., J. tnd. Engng Chem., 42
(1950), 1369.

BiLLi, E., Proc. R. Soc., A229 (1955), 346.

Hurcg, D. T. ]., cited in Progress in materials science,
Vol. 10, edited by B. Chalmers (Pergamon Press Ltd,
Oxford), 1962, 79.

Bricg, J. C., The growth of crystals from melt (North-
Holland Publishing Co., Amsterdam), 1965.

OtrusHENNIKOV, N. F., Soviet Phys. Crystallogr., 7
(1962), 237.

Hinig, W. B. & TurnsuLL, D., J. chem. Phys., 24
(1956), 914.

Jackson, K. A, cited in Liquid metals and solidification
(American Socicty for Metals, Cleveland, Ohio), 1958,
174.

TiLLer, W. A., cited in Growth and perfection of crystals,
edited by R. H. Doremus, B. W. Roberts & D. Turnbull
(John Wiley & Sons Inc., New York), 1958, 332.

BoLLING, G. F. & TiLLER, W. A., Metallurgy of elemental
and compound semiconductors, A.LM.E., Vol. 12
(Interscience Publishers Inc., New York), 1961, 97.

BorLing, G. F. & TiLer, W. A., J. appl. Phys., 32
(1961), 2587.

TiLer, W. A., Principles of solidification, cited in The
art and science of growing crystals, edited by J. J.
Gilman (John Wiley & Sons Inc., New York), 1963,
276.

ELBaum, C. & CHALMERS, B., Can. J. Phys., 33 (1955),
196.

CHALMERS, B., Impurities and imperfections (American
Society for Metals, Cleveland, Ohio), 1955, 84.



DATT & VERMA: SINGLE CRYSTAL GROWTH

153. ROSENBERG, A. & TiLLER, W. A., Acta melall., 5 (1957),
565.

154. Cann, J. W., Acta metall., 8 (1960), 554.

155. Goss, A. J. & WEINTROUB, S., Proc. phys. Soc., B65

(1952), 561.

156. RUTTER, ]J. W. & CuaLmers, B., Can. J. Phys., 31
(1953), 15.

157. Ti,Ler, W. A. & RuTTER, ]J. W., Can. J. Phys., 34
(1956), 96.

158. Goss, A. J., Proc. phys. Soc., B66 (1953), 525.

159. Warton, D., TiLLER, W. A., RUTTER, J. W. & WINE-
GARD, W, C., [. Metals, N.Y., 7 (1955), 1023.

160. Houmes, E. L., RuTTer, J. W. & WiNEGarD, W. C.,
Can. J. Phys., 35 (1957), 1223.

161. HuLme, K. F., Acta metall., 2 (1954), 810.

162. Prasket, T. S. & WinEGarp, W. C., Can. J. Phys., 37
(1959), 1555.

163. WEINBERG, F. & CHALMERs, B., Can. J. Phys., 30
(1952), 488.

164. SarTovkIN, D. D., Dendritic crystallization, translated
from the Russian by J. E. S. Bradley (Chapman &
Hall Ltd, London), 1959.

165. BENNET, A. I. & LoNGInt, R. L., Phys. Rev., 116 (1959),
53,

166. WaLton, D. & CHALMERS, B., Trans. Am. Inst. Min.
metall. Engrs, 215 (1959), 447.

167. WAGNER, R. S., Acta metall., 8 (1960), 57.

168. HamiLtoN, D. R. & SEIDENSTICKER, R. G., J. appl.
Phys., 31 (1960), 1165.

169. BoLLinG, G. F. & TiLLEr, W. A., J. appl. Phys., 32
(1962).

170. Jackson, K. A., Elemental and compound semiconductors,
A.LM.E,, Vol. 12 (Interscience Publishers Inc., New
York), 1961, 120.

171. Mason, B. J., Bryant, G. W. & VANDEN HEUVEL, A. P.,
Phil. Mag., 8 (1963), 505.

172. Davypov, A. A. & Masrov, V. N., Soviet Phys.
Crystallogr., 9 (1965), 393.

173. HurcLg, D. T. ]., Mechanism of growth of metal single
crystals from the melt, Ph.D. thesis, University of
Southampton, 1959.

174. Epwarps, W. D., Can. J. Phys., 38 (1960), 439.

175. Hucme, K. F. & MuLLin, J. B., Phil. Mag., 4 (1959),
1286.

176. Jackson, K. A., cited in Growth and perfection of crystals,
edited by R. H. Doremus, B. W. Roberts & D. Turn-
bull (John Wiley & Sons Inc., New York), 1958,
319.

177. PeTROV, D. A., Soviet Phys. Dokl., 7 (1963), 841.

178. CHALMERS, B., Can. J. Phys., 31 (1953), 132.

179. HorromaN, J. H. & TurnBuULL, D., cited in Progress in
metal physics, edited by B. Chalmers (Pergamon Press
Ltd, Oxford), 1953, 358.

180. BoLLiNg, G. F., TiLLER, W. A. & RUTTER, J. W., Can.
J. Phys., 34 (1956), 234.

181. Pounp, G. M., Liquid metals and solidification (American
Society for Metals, Cleveland, Ohio), 1958, 87.

182. Cann, R. W., Adv. Phys., 3 (1954), 363.

183. BiLriG, E., J. Inst. Metals, 83 (1954-55), 53.

184. BurGers, W. G., cited in The art and science of growing
crystals, edited by J. J. Gilman (John Wiley & Sons
Inc., New York), 1963, 416.

185. DasH, W, C,, cited in Growth of crystals, Vol. 4, edited by

- A. V. Shubnikov & N. N. Sheftal (Consultants Bureau

Inc., New York), 1966, 361.

186. Dasu, W. C., J. appl. Phys., 30 (1959), 459.

187. TEGHTSOONIAN, E. & CHALMERS, B., Can. J. Phys., 29
(1951), 370; 30 (1952), 388.

Course on the Genetics & Physiology of Bacterial Viruses

In the series of ICRO/UNESCO training courses
on recent techniques in cell research, a South-East
Asian regional course on the genetics and physio-
logy of bacterial viruses will be held from 24 June
to 27 July 1968, at the Pharmacology Laboratory,
Indian Institute of Science, Bangalore 12, under
the auspices of the Indian Institute of Science,
Bangalore, Tata Institute of Fundamental Research,
Bombay, and Bhabha Atomic Research Centre,
Bombay. Opportunity will be given to the parti-
cipants of carrying out by themselves a number
of fundamental experiments designed as an intro-

duction into the modern quantitative experimental
methods used in the field. Demonstrations, semi-
nars and group discussions will help to complete
the theoretical background. A number of leading
specialists will deliver lectures on special topics.

The number of participants is limited to sixteen.
Only post-graduate students in the fields of physics,
chemistry and biology (including biochemistry and
microbiology) will be accepted. )

Applications for joining the course should be
sent to the Pharmacology Laboratory, Indian
Institute of Science, Bangalore 12.
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T the outset the terms of reference require pre-
A cision. In recent years a number of symposia
and conferences have been held on this in-
triguing, highly complex and elusive subject. The
available data and the views of principal workers
in the field have been adequately stated in the
proceedings of these symposial-8. This article would
not, therefore, attempt a repetition or restatement
of the same. As the main purpose of reviews in
this series is to stimulate research in the field, we
have chosen to seek instead a reappraisal of some
of the known, but perhaps not equally well-recog-
nized, facts which according to the authors may
have pertinent relevance to the understanding of
this poorly understood problem. The approach is
essentially that of a worker in the field attempting
to assess the available data in the context of experi-
mental conditions under which it may have been
obtained and trying to evolve a working model
which may fit with some of the known facts, and
which may also serve as a basis for experimentation
to define the many blank areas. This reinterpreta-
tion may have justification on the grounds that the
exact and detailed mechanism of action of hardly
any hormone is known so far, even though sub-
stantial progress has been registered in this area
in the last few years. The origin of endocrinology
dates back to 1849. This branch of science has
thus had over a century and quarter of investi-
gators’ effort. There is, therefore, room for fresh
speculation. At best, such an exploratory exercise
may provide new avenues for experimental
approach. At worst it would point to the need
for rethinking and seeking alternate perspectives.
It is apparent that this review would have a
number of inherent limitations. For one, it would
not lay claim to be comprehensive and all-embrac-
ing. It is well-nigh impossible to discuss all hor-
mones in the limited space of one review article.
A limited number of hormones will, therefore, be
inevitably selected as the main focus of attention.
It is possible that the models evoked for these
hormones may be applicable to other hormones,
but it is equally likely that they may not have any
relevance to the hormones omitted from discussion.

General Properties and Characteristics

Some of the features common to most hormones
are:

(1) They are active in minute concentrations,
often of the order of a few picograms (1012 g.) or
microgram (10 g.). On rough calculations, it may
be surmised that the number of hormone molecules
per unit target tissue cells is finite.

(2) They affect some tissues, but not all. The
spectrum of action varies with the hormone. Some
are highly selective, others more generalized.

(3) It seems that a hormone in its primary action
affects one or a limited number of reactions in a

28

tissue and does not influence directly all other
metabolic activities of the cell. This is in fact
expected from a regulatory agent. Its secretion is
provoked in response to a given situation and its
action is, therefore, tuned to fulfil a given task.
For many hormones it is now possible to discern
an initial reaction whose product in a second stage
leads to diverse metabolic effects (see, for example,
Sutherland?®). It is necessary, though often difficult,
to distinguish between a primary event and its
secondary consequences.

(4) It has been possible in a relatively few cases
up to now to evolve systems where the effect of a
hormone can be manifest ¢n wvitro. Others show
their effect only on administration to the animal
in vivo. This may be due to several reasons, among
which may be the following:

(a) The sensitivity of the methods of detection
available may limit the ability to assess the action
of a hormone n vitro.

(b) The rate of reactions in animal cells is reported
to be slower than the reaction rates in unicellular
organisms. The in vitro studies usually restricted
to a limited time period may not provide adequate
scope for development of the effects.

(c) The ‘active’ form of the hormone may not
be the chemical form in which it is secreted by the
endocrine gland. It may require partial breakdown
or alterations before it attains the effective mole-
cular status. Circulation through other organs may
be necessary for this purpose. The zymogen form
of secretory enzymes is a familiar example in
biology, where partial proteolysis is necessary
to obtain the molecule with catalytic properties.
Similarly, angiotensin, the biologically active octa-
peptide, is formed from the parent protein by a
two-stage proteolytic splitting off reaction.

(d) Another reason for the inability to produce
in wvitro the action of all hormones may be
that the hormone may require some elements in-
volved in the structure and organization of the
tissue at the organ level, which are lost or dis-
arranged in the preparation of the im vitro system.
There is at the moment very little concrete informa-
tion on the factors implicit in the intercellular
linkage and in tissue organization.

Latent Period of Action — Primary and
Secondary Events

Many hormones have a latent or lag phase,
during which the habitual effects of their action are
not discernible. Some examples are summarized in
Table 1.

Why is the action delayed? Is it due to the
relative slowness of metabolic reactions in the
animal tissues ? Is it because of the necessity of
the conversion of the hormone to an active deriva-
tive, which is a time-consuming process? Is it
that the habitual criteria employed to assess the
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TABLE 1 — LATENT PERIODS AND DIVERSITY OF METABOLIC EFFECTS INDUCED BY HORMONES

Action observed

GROWTH HORMONE
Increased removal of alpha amino isobutyric acid from blood
Hypoglycemia
Fall in the level of non-csterified fatty acids (NEFA) in plasma
Increased uptake of glucose by tissues (muscle, adipose tissue) iﬁ vitro

Increased oxidation of glucose to CO; and increased lipogenesis in
adipose tissue in vitro

Stimulation of RNA polymerase activity
(a) in liver
(b) in muscle

Increase in non-esterified fatty acids (NEFA) in plasma
Decreased lipogencesis in adipose tissuc
Increased synthesis of RNA (messenger and ribosomal) in liver
Stimulation of protein synthesis
Hyperglycemia and glycosuria
Gain in body weight
EPINEPHRINE AND NOREPINEPHRINE

(In perfused heart)
(a) Increase in systolic pressure 1
(b) Increase in heart rate and coronary flow 5»
(c) Increase.in active phosphorylase

Increase in active phosphorylase:
(a) In muscle in vivo
(b) In hcart in vitro
(c) In liver in vifro

Increased rclease of non-esterified fatty acids (NEFA) in adipose tissue
m vwo

Increased oxygen consumption iz vivo

Increased concentration of (U-'*C)-valine in brain cortex slices

Decreased incorporation of amino acid in liver slices

Increase in the efflux of sodium and potassium in intestinal smooth
muscle

Increase in phosphofructokinase in skeletal muscle in vilro
Increased release of amylase from parotid gland slices
Diminished glucose uptake by diaphragm in vitro
(In fasting animals)

(a) Incrcase in urinary creatinine

(b) Increase in urinary phosphorus

(¢c) Low blood glucose

(d) Loss in body weight

(¢) Low glycogen in liver and diaphragm

Time after the
hormone treatment

at which the effect

is observed

15 min.
30 min.
30 min.
30-60 min.
30-60 min.

1 hr
3 hr

2 hr

3% hr

5 hr
12-24 hr
2-4 days
4 days

A few sec.

60 sec.
2-5 min,
2-10 min.

5 min.

5-15 min.

30 min.

45 min

45 min.

60 min.
60 min.

90 min.

1 day ]
2 days I
5 days p
5 days |
5 days j

References

6, 7

89

10, 11, 12
12, 13

14
15

12
16, 17
18
19, 20
20, 21

22

23, 24
25
26

27

28

(Sharma, Shail K. &
Talwar, G. P., un-

published data)
29
30

31
32
33

34

29
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TABLE 1 — LATENT PERIODS AND DiversiTy oF MeTABoLIc EFFEcTs INpucEp By HORMONES — Contd

Action observed

EsTRADIOL
Increase of nuclear RNA synthesis
Increased phospholipid synthesis
Increased activity of some amino acid activating enzymes in uterus
Water imbibition
Increased vaginal metabolic activity

Increased mitotic activity of vaginal epithelium and increasc in the
epithelial thickness

Increase in dry and wet uterine weight

CORTISONE

Inhibition of respiration and (2-14C)-glycine incorporation into proteins
and nucleic acids of lymphocytes

Increased incorporation of (32P)-orthophosphate in liver RNA

Stimulation of RNA and protein turnover in regenerating and resting
liver

(a) Increased concentration of isotonic saline soluble ground substance
(b) Decrease in the dermal concentration of glucosamine

(c) Decrease in the dermal concentration of insoluble collagen

(d) Increase in the dermal concentration of scleroprotein

Increase in urinary nitrogen
Anti-inflammatory action

Decrease in body weight

HYDROCORTISONE
Decrease in alpha amino isobutyric acid uptake in isolated diaphragm

(In perfused liver)
(a) Increased tyrosine transaminase
(b) Increased tryptophan pyrrolase

Glycogen deposition in liver

TRIIODOTHYRONINE
Increased synthesis of rapidly labelled nuclear RNA
Stimulation of DNA dependent RNA polymerase

Increase in the mitochondrial and microsomal incorporation of amino
acids into protein

Increase in the mitochondrial cytochrome oxidase

Stimulation of microsomal glucose-6-phosphatase and NADPH-cyto-
chrome-C reductase

Increased basal metabolic rate

Increase in liver weight

Time after the

hormone treatment
at which the effect

is observed

2-5 min.
1-4 hr
3 br

4 hr

6 hr

16 hr

24-48 hr

30 min.

2 hr
3-4 hr

24 hr

48 hr
4 days
5 days

10-30 min.

A few min.
2 hr

8 hr

3 hr )
8 hr
27 hr

28 hr
30 hr

35 hr
54 hr

¥

References

35
36
37
38
39

36

41

42
43

45
46
45

47

48

46, 49, 50

51

30



TALWAR et al.: MECHANISM OF ACTION OF HORMONES

action of a hormone are in fact secondary or tertiary
events ? More work would be necessary to answer
these questions. All the same it would be logical
to postulate that the primary action of a hormone
should be an immediate consequence of its first
interaction and that this interaction should occur
as soon as the hormone in its active form reaches
the site of action. The techniques of labelling
almost any chemical compound with tritium have
opened a new approach for following the fate of
a hormone after administration. (3H)-Estradiol is
observed to reach its target tissues within 5 min.
after injection®®3. It is retained by these tissues
against a concentration gradient. It is further
observed that the uptake of estradiol is a selective
process and is predominant in those organs which
respond biologically to its action®-% (also Sachar,
R. C., Sen, K. K. & Talwar, G. P., unpublished
data). Apparently, these observations have im-
portant indications. In the first place they would
suggest that the initial action of the hormone on
its target tissues is a rapid and instantaneous pro-
cess provided it can be identified. It follows that
the effects observed several hours after the hormone
administration may only be the secondary con-
sequences of the initial reaction. If this proposition
is accepted, it will be necessary to re-examine the
validity of the conventionally listed metabolic
effects of the hormones. It will also be necessary to
explore afresh the hitherto undetected interactions
occurring in the initial phases of the hormone
action.

Mechanisms Involved in the Selective Action
of Hormones on Tissues

It has been stated above that some hormones
act on specific tissues and not on all tissues of the
body. As examples, one may cite the tropic
hormones secreted by the anterior pituitary. TSH
acts on the thyroid, ACTH on the adrenals
and the gonadotropins on the gonad endocrine
glands. There are no detectable effects of these
hormones on other endocrine glands, nor directly
on other tissues except perhaps the pituitary and
some selected areas of the brain. 17g-Estradiol is
also fairly selective in its action influencing
primarily a few organs and not all organs of the
body. What could be the reason for this pheno-
menon ? The easiest hypothesis would postulate
the existence of specific markers in the target tissue
which are recognizable by the hormone. We have
investigated the case of 178-estradiol. When radio-
active estradiol is injected into ovariectomized rats,
it is observed that in the uterus this hormone is
associated with a heavy particulate fraction and
with a macromolecular fraction present in the
cyvtoplasm®, Macromolecules having these pro-
perties are not present in tissues like lung, dia-
phragm, etc., which do not respond biologically to
this hormone. Moreover, the uterine fractions
exhibit a high degree of sterco-specificity for bind-
ing to a steroid hormone. For example, it would
not bind cortisone. There will be even a discrimi-
nation for binding stereoisomers: 17-estradiol is
readily bound, while no binding is shown for
17a-estradiol under identical conditions. Inciden-

tally 17a-estradiol in equivalent doses is also not
estrogenic in terms of its biological effects on the
animals.

Recently we have assessed in vivo and in witro
the estradiol binding capacities of nuclear and
cytoplasmic G100-P-1 fractions from several tissues
of the rat and calf. Even though more work would
be necessary to make definite conclusions, the pre-
sent data suggest a correlation between the specific
binding capacity of a tissue for estradiol and its
biological responsiveness to the action of this
hormone. A ‘target’ tissue may, therefore, differ
from a ‘ non-target ’ tissue in that the former in its
differentiated state has the capacity to synthesize
macromolecules which act as receptors for the
hormone. Through their agency, the tissue is able
to recognize and pick up the hormone from circula-
tion and in some cases to retain it. The repression
of the ‘receptor’ synthesizing capacity would
eliminate the tissue from the orbit of the action of a
given hormone. This viewpoint prompted by the
observations on estradiol raises fruitful avenues of
investigation for other hormone systems.

Finite Binding Sites

Iig. 1 shows a typical dose response curve for
two hormones. The curve is linear in low range
of the hormone concentration only and attains a
plateau at a value which varies from hormone to
hormone. The effective doses for some hormones
are listed in Table 2. These observations can be
interpreted in terms of the existence of finite
receptor sites in the cells for these hormones. Once
these sites are saturated, no further increase is
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Fig. 1 — Dose-response curves of estradiol (data from ref. 55)
and androsterone (data from ref. 56)

TABLE 2 — ORDER OF EFFECTIVE DoOSES OF SoME

HORMONES
Hormone Dose Increase References

observed

Testosterone 1-2 pg. Comb growth 57

Estradiol 0025 pg. Uterine weight 58

ACTH 5 mU./100 Corticosteroid 59
mg. tissue  production

Cortisone 05 pg. Glycogen 60
deposition

Epinephrine 0-03 pg. Phosphorylase 22
activation

3
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observed in the quantitative effects provoked by
the hormones.

Hormones and Morphogenesis

The emergence of a number of secondary sex
characteristics on the onset of puberty is a familiar
example. If the secretion of gonadal steroid hor-
mones is deficient either because of hypopituitary
function or because of ovarian or testicular
malfunction, the development of secondary sex
characteristics is also delayed or suppressed.
Administration of the androgens to a child or even
to a female induces the growth of beard, hoarseness
of voice, a change in the pattern and distribution
of hair and fat on the body, etc. On the other
hand, the female gonad hormones induce the de-
velopment of the breast tissue and other features

_ characteristic of the female. These observations
suggest clearly the morphogenetic role of steroid
sex hormones on the differentiation and develop-
ment of some tissues at appropriate stages of
growth. Another interesting example supporting
this conclusion is the reported induction of a new
protein with high serine content in the liver of a
rooster or immature hen by injection of estradiol6!.

A direct proof of the action of a hormone at
genetic level is furnished by the observations on the
insect Chironomus tentans. Ecdysone, a steroid
hormone produced in the prothoracic gland of the
insect, produces ‘ puffing’ of some chromosomal
segments in the giant salivary gland chromo-
somes$2:8. During larval development, ecdysone
and the juvenile hormone of the corpora allata are
secreted together to initiate larval molting. The
transformation to the pupa occurs when the juve-
nile hormone is lacking and ecdysone is secreted
alone. Ecdysone injection leads to ‘ puffing ’ in the
region I-18-C of the first chromosome of Chironomus
tentans larvae. The same locus undergoes ‘ puffing ’
during formation of the prepupa. Puffing implies
here the thickening of the chromosomal segment
as detected visually under the microscope. With
the use of appropriate radioactive precursors, it
has been shown that the ‘ puff’ is an active region
of RNA synthesis. In other words, the hormone
action results in the activation of a genetic segment,
the chromatin at this locus is changed from a
dense to a loose type and the transcription of the
genetic information in this part of the genome
starts occurring.

Several other hormones have a key role in the
development and growth of the individual. Thyroid
deficiency at an early stage of life leads to
stunted growth and mental deficiencies typical of
‘ cretinism’.  Growth hormone deprivation leads to
“ dwarfism ’. These well-established observations
define clearly the role of these hormones in the
growth and development of tissues in multi-cellular
organisms. The role of thyroid hormones in anuran
differentiation, i.e. transformation of tadpoles into
frogs, is also well defined®.

General Postulates on Mechanisms

In the above sections some of the characteristic
properties and features common to several hor-
mones have been discussed. Before proceeding to
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the description of the current status of our know-
ledge on the mechanism of action of a few hormones,
it may be appropriate to project, for the sake of
discussion, the various possibilities by which hor-
mones can influence cellular metabolism.

Influence on the permeability and cyto-skeleton of
cells — In the first instance it may be logical to
postulate that the hormones may influence the
permeability of the cells to defined metabolites.
Cells are organized structures. There are barriers
between the intracellular and extracellular environ-
ment. The non-availability of a metabolite (which
is not synthesized by the cells or a metabolite whose
supply is primarily from exogenous sources) can
be a limiting factor for the occurrence of a whole
chain of reactions. It is well known that the up-
take of most of the metabolites and mineral ions
by the cells is an active process dependent not
only on the expenditure of energy, but also there is
the involvement of stereo-specific receptor mole-
cules in the uptake process. In bacterial systems
permease type of proteins have been described which
permit the uptake of sugars and glycosides®. One
of the seasoned hypotheses for the mode of action
of insulin envisages the effect of the hormone
on the permeability of the peripheral tissues to
sugars®-62  Insulin promotes the transfer of extra-
cellular glucose to intracellular compartment which
is probably the basis of the hypoglycemic action of
this hormone. Some of the features of this action
have been summarized by Levine® as follows:

(a) The hormone sensitive system is receptive to
sugars like galactose, p-xylose and L-arabinose but
not to p-arabinose, rhamnose, gluconate and glu-
curonate, etc., i.e. there is a degree of stereo-speci-
ficity for the uptake of sugars.

(b) Tt shcws saturation kinetics, suggesting the
limited availability of a specific carrier.

(c) Distribution of the sugars in the extracellular
fluid is quite rapid in comparison with the rate of
entry into the cell interior.

(d) The responsive sugars compete with each
other for the transport svstem.

(e) The insulin effect as tested on the rat dia-
phragm in vitro shows a'low Q,, (1-2 between 10° and
37°C.).

(f) The responsive sugars are not phosphorylated
during entry into cells.

The effect of some other hormones on the uptake
of metabolites other than sugars has also been
reported. Growth hormone, for example, promotes
the uptake of several amino acids 7n wvifro in rat
diaphragm preparations.

In view of the fact that there exist also intricate
structural relationships within the cell, the concept
exposed in the foregoing paragraphs can be gene-
ralized to include a possible effect of the hormones
on the internal cyto-skeleton of the cell. The
enzymatic components of the particulate fractions
of the cells can have an action only when they
have access to the substrates and cofactors. A
building block can thus be a limiting factor in a
biosynthetic reaction so long as it is not made
available at the enzymatic sites of synthesis. The
converse may be equally true. The catabolic
enzymes present in the lysozomes become effective
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only when the lysozomes are disintegrated. Some
workers have postulated hormonal role in the
stabilization of lysozomes™.

Activation or repression of a biologically active
molecule — A second possibility of the action of a
hormone is the situation where the interaction of
the hormone with a tissue component results in the
activation or repression of a biologically active
molecule. This is a fairly composite statement
and would probably be true for most cases. One
of the better worked and illustrative examples is
the activation of a structural enzyme adenyl cyclase
by epinephrine which acts on ATP to form 3’5’
cyclic AMP. The cyclic AMP in turn activates a
number of other reactions, such as the conversion
of phosphorylase b to the enzymatically active form
phosphorylase 4. Phosphorylase a causes glyco-
genolysis and hyperglycemia. The case of epine-
phrine points to another interesting feature of
hormone action, namely that the action of a
hormone is like a cascade phenomenon. An initial
event leads to another through a product of the
reaction. This may explain to some extent the
observed time lag between the different effects of a
hormone (Table 1).

Hormonal influences on de movo synthesis of
enzymes and biologically active molecules—Hormones
may activate a pre-existing protein to make it
biologically active. They may also induce the
synthesis of one or more proteins as part of their
primary action, which would in turn usher in various
types of metabolic activities. The growth promot-
ing action of several hormones is well established.
Growth hormone and thyroid hormones (in physio-
logical concentrations) influence the growth of the
bones and other tissues markedly. Estradiol has a
dramatic action on the growth of uterine tissue.
The role of androgens as anabolic steroids is well
known. Even steroids like cortisone, whose overall
effect is a negative nitrogen balance, induce never-
theless the synthesis of transaminases and other
amino acid oxidizing enzymes in the liver. There
is thus a definite action of many hormones on pro-
cesses leading to the synthesis of proteins.

Hormones may affect the transcription (synthesis
of RNA) or translation (synthesis of polypeptides on
pre-existing messenger and ribosomal RNA) pro-
cesses or both. In fact the two are closely synchro-
nized operations and each would affect the other
in course of time. Opinions are still divergent as
to whether the hormones act in the first instance
at the translation step or at the transcription step.
The available data do not permit a conclusion on
this point. The clearest evidence in favour of an
action at the level of translation process is the work
of Sokoloff and colleagues on the action of thyroid
hormones in vivo and in vitro on the incorporation
of labelled amino acids into microsomal proteins?.
In chronic thyroid deficiency, the inherent protein
biosynthetic activity of microsomes is depressed
and can be restored towards normal by thyroid
hormones. It has been seen that if thyroxine is
preincubated in wvifro with mitochondria and an
oxidizable substrate, a factor is produced which is
effective in stimulating the amino acid incorporat-
ing capacity of microsomal fractions in vitro. There

are also numerous observations favouring a primary
action of hormones on the transcription step. The
case of ecdysone has been cited above, where it is
possible to visually detect the activation of cistrons
in terms of loosening of the chromatin and an active
RNA synthesis in these loci. The template activity
of the chromatin is found increased in target tissues
after administration of androgens™. It is also
observed that estradiol gets bound to an appreciable
extent in the nuclear fraction of the uterus™a
There are also reports of an increase of RNA
synthesis in the uterus 2 or 5 min. after injection of
estradiol®. No effect on the synthesis of proteins
is detectable at this time period. The experimental
evidence is, therefore, in favour of a primary action
on RNA synthesis for some hormones and on pro-
cesses leading to the synthesis of proteins for other
hormones. The issue remains open and requires
further investigation.

Current Knowledge on the Mode of Action
of a Few Hormones

After having discussed several features of the
action of hormones in general terms, a couple of
concrete cases are now discussed. The choice of
these hormones has been primarily dictated by our
research interest in these hormones. They evoke
nevertheless issues which are common to many other
hormones.

Mode of action of pituitary somatotropin or growth
hormone — Growth hormone is a polypeptide having
a molecular weight of 45,000 in bovine species and
25,000 and 21,500 in monkey and man respectively.
The amino acid sequence of human growth hormone
has recently been worked out by Li ef al.. There
is a degree of species-specificity for the biological
action of this hormone. Rat responds to the
hormone from practically all species, excepting
fish, but in humans and monkeys the growth
hormone from primate species only is effective.
The guinea-pig responds only to its own growth
hormone.

The removal of pituitary in animals leads to a
marked diminution of the growth of animals.
Administration of pituitary extracts or purified
growth hormone alleviates this condition and re-
stores growth. In man, hypopituitary function is
associated with ‘dwarfism’ and hyperpituitary
activity results in acromegaly and gigantism. In
its biological effects the hormone is thus asso-
ciated with growth processes.

It has also a number of other metabolic effects.
On the carbohydrate metabolism, it has both an
‘insulin-like’ and ‘insulin antagonistic’ action.
The former is believed to be due to the formation
of a polypeptide breakdown product of the growth
hormone which has biologically insulin-like properties.
It has also been reported that growth hormone
stimulates the secretion of insulin from the pancreas
[reference may be made to the work of Young
and collaborators?:77), which may be indirectly
responsible for the insulin-like action of growth
hormone on some metabolic processes. It is further
believed that growth hormone has a hyperglycemic
action, presumably by the inhibition of hexokinase
reaction. Two phases are discernible in the action
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of growth hormone on carbohydrate and fat meta-
bolism. In the first phase, the action of growth
hormone is similar to that of insulin. It favours
the transfer of glucose from extracellular to intra-
cellular compartments, a property which is also
reported to be expressed in wvifro in rat diaphragm
preparations!®. In this phase the action of growth
hormone on lipid metabolism consists of a stimula-
tion of lipogenesis in adipose tissues!?. This action
is in contrast to the effect of growth hormone on
lipid metabolism in the second phase, where the
action is primarily lipolytic. The lipids are mobi-
lized from the adipose tissue. The blood level of
non-esterified fatty acids (NEFA) is raised™7,
The exact mechanisms implicit in these effects are
poorly understood.

The inherent relationship of this hormone with
the general growth of the body points to the
importance of this hormone in protein synthesis.
The administration of this hormone causes a posi-
tive nitrogen balance®. It is further seen that this
effect is due to an amelioration of the synthesis of
proteins rather than a decrease in the breakdown
of proteins®82, In hypophysectomized animals,
the incorporation of radioactive amino acids into
proteins 4 vivo and in vitro is lower than in the
control animals. The injection of growth hormone
to the animals restores the deficiency®.8. A syste-
matic examination' of the protein synthesizing com-
ponents in cell-free system shows that there is no
change in the amino acid activating enzyme acti-
vities in the two cases; the major difference is in
processes taking place at the ribosomes. The capa-
city of ribosomes to incorporate activated amino
acids into polypeptides is impairedss. These ob-
servations lead to the enquiry whether the growth
hormone has any effect on the ribosomal (and
messenger) type of RNA. Several years back we
reported the stimulation of the incorporation of
radioactive orthophosphate into RNA fractions of
the liver after injection of growth hormone to
animals'®1?. The increase was primarily in the
nucleolar fractions of RNA. With the prolonga-
tion of the time of incorporation of radioactive
precursors, the microsomal fractions of RNA were
also highly labelled. The nuclear fractions of
RNA were subfractionated and analysed on sucrose
density gradients. Their molar base ratios were
also determined. These investigations showed that
the growth hormone administration to female
plateaued rats stimulated the synthesis of both
ribosomal and messenger RNA in the liver!.
Similar conclusions have been made by other
workers®® and by us employing alternate experi-
mental approaches in hypophysectomized animals8?.
The increase of both the ribosomal and messenger
RNA synthesis would logically offer the basis for
increased protein synthesis observed in the cells
and tissues. This does represent one of the vital
metabolic activities stimulated by the growth
hormone. The question, however, remains open
as to whether it is a primary event of the action
of this hormone. There is a lag period of about
3 hr before the action on RNA synthesis is demon-
strable. From the foregoing discussions it would
be necessary to investigate the events taking place
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Fig. 2 — Schematic representation of the current views on
the mode of action of growth hormone

in this early period. In another series of experi-
ments, Gupta and Talwar®? obtained a highly
suggestive evidence pointing to the action of the
growth hormone on the rate of RNA synthesis pri-
marily. In adult animals, the hormone does not
seem to activate repressed cistrons. The molecular
species of RNA synthesized in the hormone deprived
and hormone administered animals is essentially
identical as seen by hybridization t\penmentq87

The current status of the mode of action of this
hormone is shown in Fig. 2 in a schematic manner.
A detailed review on this hormone appears else-
wheress,

Mode of action of epinephrine and norepinephrine
— The manner in which epinephrine and glucagon
cause hyperglycemia is one of the few hormone
actions understood in precise terms. The pioneer
work of Sutherland and Rall8® has shown that these
hormones activate an enzyme adenyl cyclase in
target tissues (such as liver), which gives rise to
the formation of a cyclic nucleotide 3’,5-AMP
from ATP. 3'5-AMP acts as a cofactor for the
enzyme which phosphorylates dephosphophosphory-
lase into phosphophosphorylase in the liver.
Phosphorylase a being the catalytically active
form of the enzyme, the stored glycogen in the
tissue is broken down. There is good experimental
evidence for all steps proposed in the scheme.
3’ 5’-AMP mediates several of the reactions induced
by catecholamines. About a dozen systems in
which 3,5-AMP is involved have been reported
(Table 3). The catecholamines declenche a cascade
type of reactions, the product of one reaction trig-
gering the next. Tig. 3 presents in a schematic
form the manner in which epinephrine is believed
to affect the metabolic activities of the tissues (in
particular glycogenolysis). It is possible to put in
evidence the initial interaction of the catechol-
amines with the tissue receptors (Sharma, Shail K.
& Talwar, G. P., unpublished data). Sharma and
Talwar have observed a change in available thiol
groups of the hypothalamus and cerebral cortex
slices on the addition of catecholamines in con-
centrations of 10 to 108M in witro.

Mode of action of 17B-estradiol — This 18-carbon
steroid is produced by the ovaries. The 178-stereo-
isomer is the natural estrogen in mammals and
causes among others a marked proliferation of the
uterine tissue. The 17-« isomer is biologically not
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potent in equivalent doses. On ovariectomy, the
uterus atrophies and is reduced to a basal state of
existence. With the administration of a tenth of a
microgram of estradiol to the ovariectomized rats,
dramatic proliferative changes occur in the uterus,
vagina and other target tissues of this hormone.

TasLE 3 — EFFEcTs ofF Cycric 3',5-AMP 1N Various

TisSUEs
Enzyme or Tissue Change in References
process activity or
affected rate
Phosphorylase ~ Heart, muscle Increased 23, 24, 26, 90

and liver

UDPG-z-glucan Diaphragm Decreased 91
transglucosy-
lase
Phosphofructo- Heart, liver Increased 92, 93
kinase fluke (Fasci-
ola hepatica)
Lipase Adipose tissue do 94, 95
Tryptophan Liver do 96
pyrrolase
Steroidogenesis  Corpora lutea, do 97, 98, 99
adrenal cor-
tex
Ketogenesis Liver do 100
Incorporation of do Decreased 101
L-leucine into
protein
Conversion  of do do 100
acetate to fat-
ty acids and
cholesterol
Lactate->glucose do Increased 102
Release of amy- Rat parotid do 32
lase
Permeability to Toad bladder do 103, 104
water and sod-
ium
Sugar transport Thyroid do 105
HCI secretion Gastric mu- do 106
cosa

!
1

|
'
1

PRIMARY INTERACTION ADENYL |1

CAT
ECHOLAMINE WITH TISSUE RECEPTORS YCLASE[}
)

Various hypotheses have been advanced to ex-
plain the mode of action of this hormone. It may,
however, be stated that the mechanism of action
of this hormone is not yet known precisely.

(1) One of the first hypotheses was put forward by
Szego et al.19%108_  Estradiol was believed to release
histamine in the target tissues, which in turn caused
changes in the permeability of the tissue to water
and other metabolites. Tissue proliferation was
considered to be a consequence of these initial
changes. This hypothesis has the merit of impli-
cating an amine mediator, a situation which is
analogous to the believed implication of tyramine
in the action of vasopressin on toad bladder!®.
It would also explain the hyperemia and increased
imbibition of water by the uterine tissue which
takes place within an hour of the injection of estra-
diol. This hypothesis has, however, failed to gain
active support, even though there is no strong reason
to shelve it. The water imbibition is prevented by
puromycin and appears to be dependent on the
synthesis of proteins!10,

(2) Another hypothesis was advanced by Villee
et al11, which postulated the role of estradiol as a
cofactor in a transdehydrogenase. The transde-
hydrogenase would make available one more ATP
during the oxidation process and would support
the anabolic processes. This hypothesis has more
or less been abandoned, as this enzyme is extremely
low or absent in rat uteri. The enzyme was puri-
fied from the placenta. This hypothesis is, however,
illustrative of the general possibility that estradiol
might activate a biologically active molecule.

(3) Hechter ef al.'? have recently claimed that
3',5'"-AMP and several other nucleotides can induce
the uterotropic changes characteristic of the estra-
diol action. This is an interesting avenue for fur-
ther research.

(4) Notides and Gorski!® and Mueller!™ believe
that the early estrogen action comprises the synthesis
of a vital protein, which then sustains the RNA

5" amp,
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T
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Fig. 3 — Schematic representation of the mode of action of catecholamines
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synthesis. This conclusion is derived from two types
of experiments. In the first instance these workers
observed that puromycin inhibits the increase in
RNA synthesizing capacity of the uterine nuclei
which is induced by estradiol treatment in vivols.
In a subsequent series of experiments!'3, uteri from
the rats were taken out at various time inter-
vals (30 min., 60 min., etc.), after a massive dose
of estradiol 7n vivo. The uteri were incubated in
vifro in a medium containing radioactive amino
acids for prolonged periods (90 min. and beyond).
The soluble proteins were fractionated by starch
gel electrophoresis and their radioactivity deter-
mined. A fast moving peak was discernible which
was more radioactive in uteri pretreated with
estradiol. This is an attractive experiment, but it
is putting in evidence a phenomenon which occurs
between 30 and 120 min. after estradiol treatment.
It remains to be verified whether the synthesis of
this protein occurs in the earlier stages. The
crucial period for putting in evidence the primary
event is the first 5 or 10 min. From the work of
Jensen and Jacobson®? it is known that estradiol is
picked up by the uterus very rapidly from circula-
tion and that a substantial amount of the steroid
is present in the uterus after 5 min. Hamilton
et al.11® observed a 500 per cent increase in RNA
synthesizing capacity of the uterine nuclei, 20 min.
after estradiol administration. More recently Means
and Hamilton® have shown that an increase in the
incorporation of radioactive uridine into RNA of
the uterus is observed even at 2 or 5 min. after
estradiol administration ¢n vivo. No parallel effect
on the synthesis of proteins was detected at this
early time period”. If these observations are
valid, they would negate the hypothesis of Gorski
and Mueller and would indicate that the primary
effect of estradiol would be on RNA synthesis and
not on the protein synthesis. In course of time, of
course, the two processes would be synchronized
and would influence each other. Several other
workers have reported recently results of their
experiments which were designed to seek a clari-
fication whether the steroid hormones affected the
RNA or the protein synthesis in the first instance.
" Clever and Romball®® working on the ecdysone
induction of puffs in Chironomus tentans have come
to the conclusion that the first puff induced by
ecdysone is dependent on RNA synthesis and is
prevented by actinomycin-D. Kidson!''® working
on the action of cortisone on lymphocytes in cell
culture has observed the effect of the steroid on
RNA synthesis in 2 and 5 min., while no effect on
protein synthesis is observed in the early stages of
the action of this steroid. A direct evidence for the
involvement of RNA in the uterine proliferation
(under hormonal influence) is furnished by the
experiments of Segal ef 4l.120, where the RNA
extracted from the uteri of rats pretreated with
estradiol induced an increase in the height of
epithelial cells of the endometrium in a manner
similar to the action of estradiol.

(5) Talwar et al.5%12! put forward the viewpoint
that the combination of estradiol with the uterine
macromolecular receptors results in a process lead-
ing to the derepression of the synthesis of RNA,
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which then becomes the basis of a generalized
increase in protein synthesis and tissue proliferation.
This view evolved from the following observations:

(a) Administration of estradiol to ovariectomized
rats induced an early increase in the rate of RNA
synthesis®®. The rise in RNA synthesis preceded
in time sequence the phase of the generalized
increase of protein synthesis and increase in wet
and dry weight of the uterus.

(b) Inhibition of DNA dependent RNA synthesis
prevented the expected biological response of the
target tissue to estradiol’22.123,

(c) In analogy with the observations on growth
hormone, the hormone treatment resulted in an
increase of both the ribosomal and messenger type
of RNA, i.e. there was a generalized stimulation of
all types of RNA and not just of a single or limited
number of messenger RNA molecules.

(d) The RNA polymerase activity as assayed in
nuclear aggregate preparations showed an increase
at an early stage of hormone action when no new
synthesis of protein was evident. This would sug-
gest an activation of the pre-existing enzyme
system.

(e) When (6,7,3H)-17p-estradiol was injected into
ovariectomized rats, the estradiol was found in
the uterus mainly bound to a heavy particulate
fraction and to a macromolecular component of the
high speed supernatant fraction3. The heavy parti-
culate fraction has since been purified by differential
centrifugation in sucrose gradients and 80 per cent
of estradiol radioactivity of the heavy particulate
fraction is accountable in the nuclei™®®. Current
biological knowledge shows that almost all RNA in
animal tissues is synthesized in the nuclei.

(f) G100-P-1 fraction from ovariectomized rat
uteri inhibits #n witro the activity of purified Esch.
coli RNA polymerase. The same fraction from
animals pretreated with estradiol is much less
inhibitory. Preincubation of the G100-P-1 fraction
with estradiol in witro leads to a reduction of its
inhibiting influence on the purified bacterial RNA
polymerase system®121. Sopori ef al.'** have fur-
ther examined this system. The inhibition is not
due to the presence of catabolic enzymes, such as
protease, ribonuclease, deoxyribonuclease, adenosine
triphosphatase and guanosine, cytidine or uridine
triphosphatase. The inhibiting factors and the
sensitivity to estradiol are labile entities and can
be lost or denatured on standing or by treatment
with various agents. The order of addition of the
reactants is an important consideration for obtain-
ing reversion of inhibition. It has also been
observed by these workers that the estradiol binding
capacity and the property of inhibiting the RNA
polymerase migrate in the same fraction during
partial purification of the G100-P-1 fraction on
DEAE-cellulose.

Wacker ef al.1?5128 have made identical observa-
tions on a steroid-induced bacterial system. Testo-
sterone induces a number of enzymes in Pseudomonas
testosteroni. The kinetics of induction are similar
to the hormone effects in mammalian organs.
They observed that radioactive testosterone was
bound to a proteinic macromolecular component
present in the high speed supernatant fraction,
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which is not retained on Sephadex G100. It was
further observed that the macromolecular fraction
from the non-induced bacteria (NIMF) inhibits in
vitro the activity of purified Esch. céli RNA poly-
merase. Preincubation of the NIMF fraction with
testosterone in witro markedly reduced the inhibi-
tion. Preincubation with dienediol [A%17(20)-pregna-
diene-11,21,diol-3-one], on the other hand, has no
effect on the inhibition. These results indepen-
dently obtained on another steroid-induced system
are very much similar to our observations on the
estradiol-uterus system. The phenomenon may
have a general validity. There has also been one
report of the failure on the part of investigators to
obtain reversion of the inhibition by estradiol iz
vitro'??. The reasons for this apparent discrepancy
are not clear for the time being. They used a
different enzyme, i.e. from Micrococcus lysodeikticus,
which was also not as highly purified as the Esch.
coli RNA polymerase obtained by us from Dr Maitra
and Dr Hurwitz. Various other operational factors,
namely the order of addition of reactants, the
stage at which purine nucleoside triphosphates
are added, the relative concentration of the re-
actants, etc., may also influence the interaction of
the inhibitor with components of the reaction
mixture, as is clear from other studies24;

In the event that these observations on the
effect of a uterine factor on purified bacterial
enzyme find their validity and counterpart on the
uterine RNA polymerase, it would mean that the
RNA synthesizing system is repressed in ovari-
ectomized (or hormone deprived) rat uterus and
that the uptake of estradiol by the tissue results
in the derepression of this system. This conclusion
has, however, to await the purification of the RNA
polymerase from the uterus and several other
controls.

An important lacuna in this field so far has been
the lack of an appropriate system for obtaining the
response of the uterus to estradiol én witro. It is
known that estradiol is picked up by the uterus
both in vivo and in vitro and that the hormone
remains predominantly unaltered chemically in
the target organs. Furthermore, some of the
responses of the uterus to systemically given estra-
diol are fairly rapid. The inability to stimulate in
clear terms iz vitro, the expected metabolic reactions
of the uterus to estradiol, points to the need for
further search of the missing links. A sound model
for the mechanism of action of this (and other
hormones) can emerge only when all components
of the system are identified and a basis set for their
integration to produce in vitro by rational design,
at least some of the characteristic features of their
action % vivo.

Concluding Remarks

Hormones are defined chemical entities and are
products of special cells. Their synthesis has
evolved as a characteristic feature of the multicel-
lular organisms, in which they serve as agents for the
vital functions of regulation. Some hormones have
also an important role in morphogenesis and main-
tenance of specific tissues. During the last five
decades, most of the hormones have been purified

and crystallized. The chemical structure of many
hormones has been determined. A number of them
have also been synthesized.

Hormones are active in minute concentrations.
A large body of literature exists listing the meta-
bolic activities of the tissues affected by the
administration of the hormones. It is not unusual
to come across conflicting reports on the action of a
hormone, which has given rise to some confusion
and ambiguity on the action of the hormones. In
most cases such contradictions have resulted from
either the use of high pharmacological doses of the
hormone or because of the prolonged periods after
the hormone administration at which the observa-
tions are made. The latter point is an important
consideration. The initial effect of a hormone
should be an early reaction, which in turn becomes

.the basis of secondary and tertiary events. The

type and range of effects would, therefore, vary,
depending on the time period at which observations
are made. This review has discussed this and other
issues pertinent to an evaluation of the mode of
action of hormones. The necessity for a reappraisal
of the early interactions of the hormones with com-
ponents of the target tissues has been stressed.

The review has evoked and discussed some charac-
teristic features of the action of hormones which
have general implications, but has concentrated on
an evaluation of the current status of our know-
ledge on three hormones, namely pituitary growth
hormone, epinephrine and 17B-estradiol.
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Atmospheric Sciences & Scientific Hydrology Research Committee

The Governing Body of the Council of Scientific &
Industrial Research has constituted a new Research
Committee on * Atmospheric Sciences and Scientific
Hydrology’ in place of the Advisory Committee
for Rain and Cloud Physics. Researches on the

monsoon, rain making and atmospheric chemistry
will come under the perview of the new Committee.
The schemes on the subject, at present being looked
after by the Physical Research Committee, will also
be transferred to the new Committee.
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INTRODUCTION TO THE THEORY OF PARTIAL DIF-
FERENTIAL EQuATIONS by M. G. Smith (D. Van
Nostrand Co. Ltd, London), 1967. Pp. x+214.
Price 25s.

This book is suitable for the final year of an honours

course in mathematics or for M.Sc. by examination

of the British universities. The presentation and
treatment of the subject are systematic and will
be useful for postgraduates and research scholars.

One should have a sound knowledge of the theory of

ordinary differential equations and complex analysis

to understand the text. The author has solved
many problems and examples with answers have been
iven.

= Chapter 1 deals with the partial differential equa-

tions of mathematical physics. The equations of

analytical dynamics have been presented.

Chapter 2 deals with the fundamental existence
and uniqueness theorems. The Cauchy-Kowalewski
method has been explained.

Chapter 3 introduces first-order equations (linear,
semi-linear and quasi-linear) with two independent
variables. The linear equations with »# independent
variables, determination of complete integrals, solu-
tions of Cauchy problem and the one-dimensional
Hamilton-Jacobi equation, and first-order equa-
tions with # independent variables have been dis-
cussed.

Chapter 4 considers second-order linear equations.
Simultaneous first-order equations, linear equations
of the second order with two independent variables,
the hyperbolic equation and the reduction of a
linear equation to a canonical form have been
discussed.

Chapter 5 treats the linear partial differential
equations of the second order in more than two
variables. The Cauchy problem and its solution,
the characteristic surfaces, bicharacteristics, the
adjoint equation and the conformal have been
explained.

Chapter 6 is devoted to the study of the Laplace
equation in two, three and » dimensional space.

Chapter 7 deals with the wave equation in one, two
and three dimensions.

Chapter 8 deals with the diffusion or heat conduc-
tion equation. The physical significance, finite bar,
semi-infinite bar solutions, and similarity solutions
have been discussed. ’

Chapter 9 is devoted to the study of Green’s
functions. The Dirichlet and Neumann problems
for the Laplace equation have been explained
clearly.

Chapter 10 discusses the Riemann theory of
hyperbolic equations. The equations of waves,
Volterra’s solution of the wave equation in three
variables and Hadamard finite values of infinite
integrals have been discussed.

Chapter 11 considers simple properties of genera-
lized functions.

Chapter 12 is devoted to the study of the system of
equations of order greater than two.
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Chapter 13 contains the equations of fluid dyna-
mics, the linear cone field, inviscid compressible
steady flow in two dimensions and also for an
electrically conducting fluid.

In the appendix, the Gauss theorem in # dimen-
sions, the volume and surface area of the #» dimen-
sional unit sphere, expansion theorems of Fourier,
singularities of Legendré functions and identity
involving derivatives have been added for refe-
rence.

U. A. SASTRY

TexT Book ofF FrLuibD Dy~Namics by F. Chorlton
(D. Van Nostrand Co. Inc., Princeton, New Jersey),
1967. Pp. xiv+399. Price 35s.

This book differs essentially from the usual text-books

on fluid dynamics in that it combines in one volume

perfect, compressible and viscous flows plus mathe-
matical treatments of thermodynamics and magneto-
hydrodynamics.

Throughout, the subject is based on vectorial
methods. An introduction to these methods is given
in the first chapter. Thenext four chapters deal with
kinematics of ideal fluids in motion, equations of
motion and two- and three-dimensional flows. The
coverage includes method of images, potential flows,
the circle theorem, use of conformal representation
and vortex theory. Chapter 6 deals with the basic
laws of thermodynamics as a preparation for the
study of gas dynamics in Chapter 7. This chapter
discusses wave motion, isentropic gas flows, shock
waves and the method of characteristics. Chapter 8
deals with viscous flows and discusses some solutions
of Navier-Stokes equations and gives an introduction
to Prandtl’s boundary layer theory. The last chapter
deals with magnetohydrostatics and magnetohydro-
dynamics and includes a treatment of magneto-
hydrodynamic waves and shocks.

The reviewer had proposed in a symposium held
under the auspices of the Calcutta Mathematical
Society in 1960 that the present hydrodynamics
course in Indian universities should be replaced by a
more broad-based course including a treatment of
viscous, compressible and hydromagnetic flows. The
reviewer had also suggested the introduction of
stability, turbulence and non-Newtonian fluid flows
in the course. The present book is the first text-book
which meets these requirements partially and thus
deserves to be adopted in the M.Sc. mathematics
courses of Indian universities. The text-book
can be covered in a one-year course without any
difficulty.

The treatment of all the topics is, however, on
classical lines and is not as exciting as one would
wishit to be. However, the treatment is careful and
correct throughout. The adoption of this book, it is
hoped, will pave the way for better books and will
break the monotony of the courses based on books
by Lamb, Ramsey and Milne-Thomson which have
held the field for too long a period.

J. N. Kapur
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VECTOR ANALYSIS AND CARTESIAN TENSORS WITH
SELECTED APPLICATIONS by  Krishnamurthy
Karamcheti (Holden-Day Inc., San Francisco),
1967. Pp. xiii4+225. Price § 10.50

The aim of this book is twofold, viz. (i) to clearly and
systematically explain the basic concepts of vector
analysis, Cartesian index notation, and Cartesian
tensor analysis; and (ii) to illustrate, by selected
applications in different fields of engineering and
mathematical physics, their use in the formulation of
physical problems and in the derivation of some
general results relating to these fields.

The book is a self-contained text for those students
of engineering and physical sciences who have only a
knowledge of elementary calculus. The first chapter
carries a discussion of vector algebra and includes an
introduction to orthogonal curvilinear coordinates.
In the second chapter, the concepts of gradient,
divergence and curl are introduced. The third
chapter introduces line, volume and surface integrals
while the theorems of Gauss, Green and Stokes are
introduced in the fourth chapter.

The fifth chapter discusses the concepts of
irrotational and solenoidal vector fields and leads
to the decomposition theorem according to which,
under certain general conditions, a vector field can be
represented as the sum of an irrotational field and a
solenoidal field. The solution of the Laplace equation
by Green’s function method is also discussed. An
appendix of this chapter gives a clear account of
the topological notions of connectivity, reconcilable
paths, etc. The sixth chapter derives expressions
for gradient, divergence, curl and the Laplacian
in orthogonal curvilinear coordinates.

The seventh chapter discusses applications of
vector analysis to mechanics and motion of an
ideal fluid. In the mechanics section, central forces,
rigid body motion, rotating frames and Euler's
equations are obtained, while in the fluid flow section,
both kinematics and kinetics are discussed and
Euler’s equations are derived.

The last three chapters deal with Cartesian tensors
and their applications to fluid mechanics and elasti-
city. At the end of the book more than one hundred
selected problems are given on the first seven chapters.
It is, however, surprising to find that no problems are
given on the last three chapters.

The treatment throughout is lucid, clear, precise
and highly motivated. The get-up and production
of the book are excellent. A cheaper edition of this
book is highly desirable for students. For libraries,
the book can be recommended as it is.

J. N. Kaprur

ELECTROCHEMISTRY OF MOLTEN AND SoLID ELECTRO-
LYTES: Vol. 4 — THERMODYNAMICS AND KINETICS
oF ELECTRODE PROCESSES edited by A. N. Bara-
boshkin & S. F. Pal’guev; translated from the
Russian by Halina Wroblowa [Transactions
(Trudy) No. 7 of the Institute of Electrochem-
istry, Ural Academy of Sciences] (Consultants
Bureau Enterprises Inc.,, New York), 1967.
Pp. viii+4165

This booklet is the fourth of a series of collections

devoted to high temperature physical chemistry and

electrochemistry of molten and solid electrolytes.

It comprises the results of 22 original investigations
concerning thermodynamics of molten salt mixtures,
electrode processes during deposition and anodic
dissolution, physical properties of carbonate melts
and theoretical and experimental studies of electro-
conductivity and the kinetics of electrode processes
with solid electrolytes carried out at the Institute of
Electrochemistry of the Ural Branch of the USSR
Academy of Sciences.

Molten salt galvanic cells were employed to
calculate the enthalpy of dissolution of BeCl, and
BeCl in molten alkali halides; the results agreed
within 20 per cent of those estimated from a
quasi-lattice model. The e.m.f. method has also
been used to study the equilibria between metallic
titanium and molybdenum with their respective ions
in molten alkali chlorides and the determination
of redox potentials. Another group of papers are
concerned with electrolysis of molten.salt solutions.
Electrolysis of pure AgNO;, for example, has been
carried out to study the formation of crystal nuclei.
Conditions for obtaining compact cathodic deposits
of Nb from chloride baths and the effect of valence
state of Zr on the structure of the deposit have
been worked out. Corrosion of Zr metal in molten
KCI-NaCl in dry air and in dry chlorine has been
studied.

Molten carbonates are known to interact with many
compounds. Effect of addition of small amounts of
oxides, salts and bases in changing the surface tension
(maximum bubble pressure method) of alkali metal
carbonates and their binary and ternary mixtures
has been reported. Another study concerns the use
of platinum-oxygen electrode as a reference system
in molten carbonates as solvent.

Among the problems concerning solid electro-
lytes are the dependence of electroconductivity of
oxides on partial pressure of oxygen, character-
istics of galvanic cells with a partially electrochemi-
cally solid electrolyte and electropolarization and
ki?etics of electrode processes occurring in such
cells.

The availability of the English translation of this
collection of papers would be greatly welcomed by
electrochemists interested in molten and solid
electrolytes.

H. C. Gaur

EXPERIMENTAL TECHNIQUES IN PHYSICAL METAL-
LURGY by V. T. Cherepin & A. K. Mallik (Asia
Publishing House, Bombay), 1967. Pp. xi-+4428.
Price Rs 30.00

Although man’s association with metals dates back
to prehistoric times, his engineering performance
in this field began to improve only since World
War I, because improvements in existing materials
could then be effected or new alloys developed with
scientific appreciation of the principles of physical
metallurgy. Physical metallurgy is indeed the
language with which metals speak of their potentia-
lities and limitations which can be deciphered only
with extensive and intensive experimentation. So
perfect has been the resulting understanding that
commercial engineering applications can now be
reliably designed on the basis of predicted properties
and performances.
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As the authors themselves state in their preface,
the variety of experimental techniques in physical
metallurgy have grown phenomenally in recent years.
In many instances, routine applications of the
principles of physical metallurgy have permitted
control over the quality of production and have
led to methods of industrial quality control. The
rigorous, intensive testing of the electrical, magnetic
and mechanical properties of metals and a study
of their phase transformations with the help of
dilatation, thermal analysis, magnetic permeability
determination, etc., necessarily introduced a great
deal of sophistication in the experimental techniques.
However, in order that provocative experimentation
is self-generating, the investigators must have an
understanding of the related sciences and techno-
logies such as optics and electron optics, electronics,
and vacuum systems and vacuum measuring gauges,
besides temperature measurement. The lucid pre-
sentation of most of this in the book has been
possible as both the authors have had considerable
experience in the field of metallurgy.

The book is divided into ten chapters. The first
chapter deals with methods of obtaining high tem-
peratures in laboratory, temperature measurement
and control. The second introduces the reader to
vacuum techniques including design of pumps,
vacuum systems and measuring gauges; the vacuum
systems of the usual equipment such as electron
microscope and evaporation unit are also briefly
discussed. The third and fourth chapters deal
with the metallographic examination with optical and
electron microscopes. These chapters also make the
reader familiar with experimental innovations such as
phase contrast microscopy, interference microscopy,
high temperature vacuum microscopy, etc. Much of
these two chapters is written for the undergraduate
student in metallurgy. This is followed by a small
chapter on thermal methods, but the discussion of
calorimetric techniques is relatively brief. The sixth
and seventh chapters cover electrical and dilato-
metric magnetic methods. In the eighth chapter,
the authors discuss experimental techniques based on
measurements of elastic and inelastic properties of
metals and alloys and cover a wide range from
introductory treatment to the nature of experimental
problems which can be investigated with their help.
Similarly, the ninth chapter on magnetic methods,
after an elementary discussion of properties, genera-
tion and measurement of magnetic field, passes
on to their measurement and applications in the
study of phase transformation. A useful feature
of the book is in its tenth chapter which -draws
attention to the statistical nature of experimental
observations.

The scope of experimental techniques is vast and
the authors have widely used their discretion in the
selection of techniques in their book. Thus, im-
portant techniques such as electron and X-ray
diffraction have not been discussed along with the
techniques of growing single crystals, mechanical
testing and applications of radioactive isotopes in
physical metallurgy.

The book is primarily intended for students of
physical metallurgy and is strongly recommended.

RaJENDRA KUMAR
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L1Quip-PHASE OXIDATION OF HYDROCARBONS by
N. M. Emanueal, E. T. Denisov & Z. K. Maizus;
translated from the Russian by B. Z. Hazzard
(Plenum Press Inc., New York), 1967. Pp. 350.
Price § 22.50 '

During the last few years, liquid-phase oxidation

reactions of hydrocarbons have become very im-

portant inasmuch as several new and highly

successful industrial processes have been developed
for obtaining important chemical products like
phenol, adipic acid, benzoic acid, terephthalic acid,
etc. Russian workers have been very active in the
field of kinetics and mechanism of liquid-phase
oxidation reactions of hydrocarbons. These liquid-
phase oxidation processes are chain reactions and,
because of the presence of free radicals in such
processes, they are of great significance in the
development of thechain theory of the slow branched
chain reactions proposed by N. N. Semenov. Hence,

a book based on the work done in Russia on this

subject is particularly welcome because the authors

are eminent and active workers in this field.

The book is divided into the following nine
chapters: (i) The chain mechanism of oxidation
reactions, (ii) Experimental methods for studying the
kinetics and mechanism of liquid-phase oxidation
reactions, (iii) Elementary reactions of liquid-phase
oxidation, (iv) Kinetic laws of the degenerately
branched chain reaction, (v) Sequence of the forma-
tion of oxidation products, (vi) Initiation and
catalysis of liquid-phase oxidation, (vii) Inhibitors in
oxidation processes, (viii) The kinetic laws of induced
and coupled oxidation, and (ix) The oxidation of
individual hydrocarbons.

The book is written in a thorough, systematic,
clear style with a strong emphasis on the theory of
chain reactions and mathematical analysis of kinetics.
Experimental methods have been given in sufficient
detail to enable research workers to follow the
techniques in an unambiguous manner. The book
is a valuable contribution to the field of liquid-phase
oxidation of hydrocarbons and research workers
in the field will find it invaluable in their work.
Because of the high price its acquisition would have
to be limited to the libraries though individuals would
also benefit by having a personal copy.

N. R. KuLoor

MODERN ORGANIC CHEMISTRY by John D. Roberts &
Marjorie C. Caserio (W.A. Benjamin Inc., New
York), 1967. Pp. xxi|-844. Price $ 10.75

Of late, there has been a spate of books covering the
broad field of organic chemistry. Theseare generally
entitled Principles of organic chemistry, Modern
organic chemistry or simply Organic chemistry. The
authors of each individual volume have claimed a
certain novelty of approach and a departure from the
old beaten track of classical organic chemistry, in
keeping with the fast developing modern concepts
in this branch of science. Even though this is to
be expected in view of the tremendous progress
this field has witnessed during the last decade or so,
very often the instructor as well as the student is
left bewildered and faced with the difficult problem
of a proper choice of a suitable text-book in the
subject.
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The present book by Roberts and Caserio comes as
a further addition to this already imposing array of
text-books on organic chemistry. A perusal of this
volume, however, leaves one with no choice but to
reccmmend it as an excellent text-book for both
undergraduate as well as graduate students.

The text of the book is a compressed version of the
larger treatise Basic principles of organic chemistry
published by the same authors three years ago.
In the process of compressing, the total number of
chapters (thirty-one) have been left intact and only
certain details and tables, etc., not essential to the
presentation of the basic concepts, have been omitted.
The philosophy and the fundamental approach to the
subject have thus been well maintained in this book
as in the larger volume. One direct result of the
shortening process is reflected in the reduction in
price. At $10.75 for a cloth-bound volume of
844 pages of art paper, the publishers deserve to be
congratulated, especially in these days of ever rising
costs.

The order of presentation of topics in this book
is indeed novel, as claimed by the authors. Most
authors of text-books of organic chemistry follow an
order of presentation which is a matter of personal
choice and opinion. It does not really matter
very much for the present-day training of the organic
chemist whether the chemistry of alkane and cyclo-
alkanes should definitely precede that of the aromatic
compounds or whether they should be intermingled
and so on. What is indeed new in this book, as
in the older and larger volume, is that a fairly
heavy dose of physical and chemical principles and
application of spectroscopic methods to structural
analysis is delivered quite early in the initial chapters,
followed by a repetitive elaboration in subsequent
ones. Although the authors feel, as indicated in their
preface, that such a treatment of the subject could be
at least partially controversial, in the reviewer’s
opinion it is essential for the training of the modern
organic chemist, who has to span the borderline sub-
jects of physical, inorganic and biochemistry as well
as a part of the biological sciences. The emphasis on
thermochemistry and its application is also a novel
feature of this book.

The only criticism one might offer for this book
is that in the process of shortening the earlier larger
volume and yet trying to maintain its breadth of
coverage, substantial details have been left out on
several topics so that the reader finds his appetite
only partially whetted and has to turn quickly to
either the larger book or elsewhere for a more
sumptuous meal. However, this, in a way, has been
the authors’ objective which the present book
satisfies admirably.

B. D. Tirak

INTRODUCTION TO EXPERIMENTAL Ecorocy by
T. Lewis & L. R. Taylor (Academic Press Inc.,
London), 1967. Pp. xi+402. Price 37s. 6d.

In recent years, a considerable number of publica-

tions on the subject of ecology have appeared, but

the majority of these do not deal with the experi-

mental aspect. There was, therefore, need for a

practical guide-book to help beginners to plan out

field experiments. The book under review is a

most welcome volume, which will meet the present-
day requirements in a large measure.

The book contains six chapters and 14 appendices.
The first two chapters are meant to introduce a
student to the science of ecology. Chapter 3 deals
with ‘ analysis in ecology ’, admirably explaining cer-
tain useful statistical methods. Chapter 4, the longest
and the most useful one, gives exercises in ecology.
A number of experimental techniques and equip-
ment generally used in ecological rescarch are ex-
plained in the fifth chapter, and the sixth one deals
with the keys to common land invertebrates.

It is, however, felt that the first two chapters
meant to.introduce the subject are rather too brief
and it might have been worth while to elucidate the
subject. In particular, the organization of a com-
munity could have been discussed in detail, al-
though a few penultimate exercises deal with the
composition of community, community structure
and community diversity.

The statistical methods explained in the third
chapter will be of great advantage to zoologists who
are sometimes not trained in statistics. The science
of ecology is fast becoming a quantitative subject
and, therefore, application of statistics is necessary.
The statistical methods are explained in a simple
manner and, as the authors claim, this section is
restricted to the requircments of the exercises.

The fourth chapter forms the most useful part
of the publication and contains 45 exercises relating
to the following aspects: Variability of living things;
Development of animals; Responses and adapta-
tions of animals to the physical environment;
Animal behaviour; Habitats; Interdependence of
plants and animals in habitats; Animal abundance
and distribution; Distribution maps and gradients;
Daily and seasonal cycles of activity and abundance;
Fluctuations in population density; Biological equi-
librium; Dispersal; Interspecific competition; Food
relationships, predation and parasitism; Community
structure and diversity; and Evolution. Every
excrcise is explained under Tntroduction, Hypothesis,
Apparatus, site and time of year, Procedure, Results,
and Conclusions. Most of the exercises are designed
for the study of invertebrates, especially insects,
but this fact does not necessarily limit the scope of
the exercises and many of these could be models
for work on other animals also.

The keys to land invertebrates are illustrated
with diagnostic features and they add to their use-
fulness for ecologists who may not be systematists.
The arrangement of keys is a very commendable
effort of the authors.

Techniques and apparatus used in ecological work
are well explained. It would, however, have been
desirable to add a few paragraphs in the fourth
chapter about record keeping, field notes, photo-
graphic and laboratory records.

The book is an important contribution providing
valuable information on the planning of simple
experiments on ecological aspects and analysis of
data for the student of ccology.

The printers are also to be congratulated, along
with the authors, for an excellent job done and for
keeping the price line to 37s. 6d.

G. C. Tang]A
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BOOK NOTES

TrE INDIAN EPHEMERIS AND NAUTICAL ALMANAC
FOR THE YEAR 1968 (Manager of Publications,
Delhi), 1967. Pp. xxii+468. Price Rs 14.00
(32s. 84. or § 5.04)

The Indian ephemeris and nautical almanac is

being issued annually since 1957 by the India

Meteorological Department. The present volume,

the eleventh in the series, covers the period up to

22 March 1969. The data are presented in 5 parts.

The first 3 parts present data on (1) sun, moon and

planets; (2) stars; and (3) eclipses and occultations.

Part 4 contains data tables giving miscellaneous

information. Part 5, entitled ‘Indian calendar’,

makes available, to the Panchang makers in India,
the astronomical data suited to their requirements.

The significance of the items included in the publica-

tion, the methods for making various calculations and

explanatory notes on the terms used in the body of
the text are explained in the last 25 pages.

PROBLEMS IN GEOPHYSICS RELATING TO THE CRUST
or THE EARTH (National Geophysical Research Ins-
titute, Hyderabad), 1966. Pp. 223. Price Rs. 2.00.

This publication contains the texts of 16 papers
presented at a symposium held at the Department of
Geology, Osmania University, Hyderabad, on 30 and
31 January 1964 under the auspices of the Geophysics
Research Board and the National Geophysical
Research Institute, Hyderabad. For 9 papers only
the abstracts are given. The papers included fall
under the following broad categories: Geophysical
exploration, Seismology, and Physical properties of
rocks. The papers pertaining to oceanography have
been excluded. Inclusion of brief notes on discus-
sions following the presentation of papers would
have enhanced the value of the publication.

PUBLICATIONS RECEIVED

OPTICAL ROTATORY DISPERSION AND CIRCULAR
DicHROISM IN ORGANIC CHEMISTRY, INCLUDING
APPLICATIONS FROM INORGANIC CHEMISTRY AND
BrocuemisTRY edited by G. Snatzke (Heyden
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& Sons Ltd, London),
Price $ 13.50

MaNy-Bopy PRrOBLEMS AND OTHER SELECTED
Topics IN THEORETICAL PHysics edited by M.
Moshinsky, T. A. Brody & G. Jacole (Gordon &
Breach Science Publishers, New York), 1967.
Pp. xii+955. Price: cloth $ 49.00, paper § 15.75

PREDICTION ANALYSIS by John R. Wolberg (D. Van
Nostrand Co. Inc., Princeton, New Jersey), 1967.
Pp. xi4291. Price § 10.75

THE BIOCHEMISTRY AND PHYSIOLOGY OF INFECTIOUS
PLANT DisEases by Robert N. Goodman, Zoltdn
Kiraly & Milton Zaitlin (D. Van Nostrand Co.
Inc., Princeton, New Jersey), 1967. Pp. x+354.
Price § 12.50

GRUNDLAGEN DER SYNTHESE VON ZWISCHENPRO-
DUKTEN UND FARBSTOFFEN (Akademie-Verlag,
Berlin), 1966. Pp. xvi+1059

TripLE STATE (The Cambridge University Press,
London), 1967. Pp. xv-+4544. Price 90s.

MAGNETISM AND MAGNETIC MATERIAL 1967 DIGEST
edited by W. D. Doyle & A. B. Harris (Academic
Press Inc., New York), 1967. Pp. xiii+280.
Price $ 11.00

THE PRINCIPLES OF HETEROCYCLIC CHEMISTRY by
Alan R. Katritzky & J. M. Lagowski (Methuen
& Co. Ltd, London), 1967. Pp. xvi{-183.
Price 45s.

WorK DoNE IN INDIA ON VIRAL AND RICKETTSIAL
INFEGTIONS OF VERTEBRATES — A BIBLIOGRAPHY
compiled by Surendra Mohan & T. R. Srinivasan
(Indian National Scientific Documentation Centre,
New Delhi), 1967. Pp. xii+339. Price Rs 50.00

SELECTED PAPERS OF GEORGE HEVEsy (Pergamon
Press Ltd, London), 1967. Pp. ix+4447. Price
90s.

POLYMERS-MACROMOLECULES  VISCOSITY-MOLECU-
LAR WEIGHT STUDIES by A. R. Kemp (A. R.
Kemp, Consulting Chemist, 231 Prospect Avenue,
Long Beach, California), 1967. Pp. ix+168

NEWER METHODS OF NUTRITIONAL BIOCHEMISTRY:
Vol. 3, edited by Anthony A. Albemese (Academic
Press Inc., New York), 1967. Pp. xv-527.
Price $ 18.50

1967. Pp. xvi{416.



Process for the disposal of
radioactive wastes

A continuous process for the
disposal of highly radioactive
wastes, from nuclear reactors, by
converting them into phosphate
glasses has been developed at the
Brookhaven National Laboratory,
USA [I & EC, Proc. Des. Develop.,
6 (1967), 314). Glasses have been
considered as a suitable medium
for the long-term storage because of
their resistance to environmental
degradation and capacity for
holding the fission products. The
phosphate system, instead of the
silicate system, has been favoured
because of the simplicity asso-
ciated in processing the waste
as a liquid and the highly un-
breakable character of the glass
product.

The phosphate glass is produced
in three steps. In the first step,
orthophosphoric acid is added to
the raw waste and in the second,
the volume is reduced by the
low temperature evaporation (130-
160°C.) of water and other volatiles.
The final step consists of removing
the other volatiles by heating the
solution to 1200°C. in a platinum
crucible and converting the con-
centrate to molten “glass. The
phosphate anion complexes the
bulk cations, so that appreciable
concentration of the mixture is
possible without precipitation of an
excessive amount of solids.

A pilot plant with a capacity of
1:5 cu. ft of glass per day has been
operating in the laboratory for the
last two years using several types
of simulated purex waste. Based
on the process information ob-
tained, a full-scale demonstration
prototype plant is being con-
structed at Battelle North-west
Laboratory, USA.

A new apparatus for making
air-vapour mixtures

A method has been worked out
for preparing mixtures of organic
vapours and air of known com-
position for use in physiological
experiments and in the calibration
of a gas chromatograph using the
unusual property of silicone rubber
as a diffusing membrane. Organic
liquids such as diethyl ether diffuse
through silicone rubbers at a
constant rate proportional to the
surface area of the membrane and
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inversely proportional to its thick-
ness.

Silicone rubber tubing of the
appropriate diameter was made
into a container for the liquid by
closing one end with silicone rubber
moulding paste, and it was mounted
on a glass tube through the
other end. The container was
inserted in an outer tube through
which air was allowed to flow at a
constant velocity. The container
was weighed periodically to deter-
mine the loss of liquid; the length
of the silicone rubber tube was
adjusted to get the derived com-
position of the outflowing mixture,
issuing out of a side tube.

Compounds like carboxylic acids,
thiols and ketones caused the
rubber to swell thereby altering the
rate of diffusion; but once this
dimensional change reached its
completion, the membrane worked
satisfactorily. This method cannot
be used for compounds which
polymerize in air and block
the pores [Chemy Ind., (1967),
1487].

Novel synthesis of cis- and
trans-vinyl bromides

Addition of bromine to frans-
1-hexenyl disiamylborane obtained
from the reaction of 1-hexyne with
bis(3-methyl-2-butyl) borane gives
either cis- or {rans-1-bromo-1-hex-
ene, depending upon the procedure
used to eliminate the elements of
disiamylboron bromide from the
dibromide intermediate. Hydro-
lysis yields the cis derivative and
thermal decomposition in refluxing
carbon tetrachloride the trans-
isomer. This procedure is appli-
cable to a number of 1-alkynes.
But in the case of phenylacetylene,
solvolysis of the intermediate gives
the trans-bromostyrene and pyro-
lysis gives the cis-isomer. In the
case of the alkynes the addition of
bromine proceeds through the usual
bromonium ion mechanism result-
ing in trans addition, and the solvo-
lysis involves a #rans elimination
and the thermal decomposition
a cis. It is suggested that in the
case of phenyl-substituted vinyl-
borane the addition of bromine

may be c¢is [J. Am. chem. Soc.,
89 (1967), 4531).

Novel adducts of sulphur
dioxide with carbonyls and
amino acids

A new form of bound sulphur
dioxide is shown to be a bisulphite
adduct of Schiff’s bases resulting
from the interaction of carbonyls
and amino acids. When sulphur
dioxide is bubbled through a
suspension of glycine (0-1 mole)
and glyoxal (0-05 mole) in water
(15 ml) an exothermic reaction
set in and the colour of the
suspension slowly changed from
green to brown. The reaction was
complete in about 2 hr when a
crystalline product (I) formed in
50-70 per cent yield. Glycine and
formaldehyde under similar condi-
tions gave (II) and glycine and
diacetyl (III).

Hc” SOH
\NH-CH;"CO,H
, SO;H
\NH:CH,"CO,H
(M

H_ ,SOH

H” N\NH-CHyCOsH
(In
Me
l ,OH
\NH-CH,CO,H
,SOH
| \NH-CH,'CO,H
Me
(111)

These adducts are all strong
acids. They do not give barium
sulphate on treatment with barium
chloride nor do they react with
iodine, indicating that sulphur is
present as sulphite group. The
IR spectra of these compounds

showed the following characteristic
bands: AXBr 1750 cm.” (unionized
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COOH), 1600 (NH}), 1240 and
1040 (SOH) [Chemy Ind., (1967),
1492). '

Synthesis of octamethyl-
naphthalene

A simple, high yield synthesis of
octamethylnaphthalene which also
has the virtue of generality for the
synthesis of substituted naphtha-
lenes and other ring structures
has been reported []J. Am. chem.
Soc., 89 (1967), 4554].

Addition of benzyne to hexa-
methyl-2,4-cyclohexadienone gives
(I, R,= R,= H), which can be
converted to (II) by one of several
routes. For example, 1,2,3,4,5,8-
hexamethylnaphthalene could be
obtained in 87 per cent yield from
(I, R,= CH;; R,= H) by reaction
with dimsylsodium in dimethyl-
sulphoxide at 70°C. for 4-5 hr.

Adduct (I) may be quantitatively
reduced by lithium aluminium
hydride to a mixture of epimeric
alcohols, which with sodium hy-
dride in dimethylsulphoxide gives
the corresponding naphthalene.
Pyrolysis at 400°C. is another
method for the conversion of (I)
to (II). Octamethylnaphthalene
is best prepared from 1,2,3,4,5,8-
hexamethylnaphthalene (II, R, =
CH;, R, = H) by bischloromethy-
lation and LiAlH, reduction.

Stabilization of enzyme
activity by organic solvents

The finding that certain gtherwise
unstable enzymes such as benzyl-
alcohol dehydrogenase from Pseudo-
monas sp., homogentisicase from
bovine liver, and alcohol dehydro-
genase from yeast can be stabilized
by the presence of acetone or
ethanol [Nature, Lond., 215 (1967),
417] is of considerable significance
for biochemical work which is often
handicapped by loss of activity
of the unstable enzymes during
preparation and storage.

Benzylalcohol ~ dehydrogenase
has a half-life of less than 3 hr in
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0-05M phosphate buffer, pH 7-5 at
5°C., and reducing and chelating
agents have no significant retarding
effect on the loss of activity.
In the presence of 10 per cent
acetone or ethanol, the enzyme is
completely stabilized for well over
25 hr. Yeast alcohol dehydro-
genase is completely stabilized for
more than 20 hr by 1 m molar
glutathione. Bovine liver homo-
gentisicase is highly unstable in the
presence of air; 10 per cent acetone
renders the apoenzyme completely
stable even after 24 hr storage,
but the holoenzyme continues to
lose activity even in the presence of
acetone though more slowly than
in the absence of acetone. The
holoenzyme of homogentisicase
retains its activity if preserved
under anaerobic conditions, whereas
the apoenzyme as well as benzyl-
alcohol dehydrogenase do not retain
their activity under anaerobic con-
ditions in the absence of organic
solvents. It is tentatively sug-
gested that the stabilization of the
enzyme activity by organic solvents
is caused by the retention of the
‘ native state’ of the protein con-
formation.

Food Preservation Research
in Australia

The annual report of the
Division of Food Preservation,
Commonwealth  Scientific &
Industrial Research Organization
(CSIRO), Australia, for the period
1965-66 gives an account of the
research activities of the Division
in the fields of physics, food
chemistry, plant cell physiology,
microbiology, meat research, fish,
and packaging and preservation
of foods.

Theoretical equations have been
developed representing low velo-
city aeration of granular beds and
enabling the production of the
relative humidity and temperature
of the air as well as the moisture
contents of the grain anywhere in
the bed. These equations are
being applied to the determination
of conditions for the drying of
bulk bins of rice. A new form of
differential gauge has been con-
structed which permits measure-
ment of small differences in pres-
sure at a total pressure of less
than 0-1 Torr. A hydrocooler
designed prevents dehydration of
oranges during cooling. Modifica-

tions in the existing mechanical
rice throwers have been made
improving the mixing of the rice
as it is placed in the bin; an instru-
ment has been designed which
cuts off acration of rice when the
ambient relative humidity is
higher than 5 per cent. Using
these devices, successful drying of
mixtures of rice of high and low
moisture contents is now possible.
Rigorometers have been designed
to record changes in muscle length
and extensibility of wheat over
the pre-rigor and immediate post-
rigor periods.

The spheres of interest of the
Division of Food Chemistry are
the volatile constituents of foods,
lipids and phospholipids, cyclo-
propenoid compounds, proteins
and carbohydrates and their
reactions with nitrogen and
sulphur compounds. A simple
technique developed for resolving
complex mixtures of volatiles from
frozen peas into simpler mixtures
involves chromatography on silica
gel in Teflon tubing using low
boiling  solvent (monofluorotri-
chloromethane, b.p. 25°C.) for
development. Study of the chem-
istry of intermediates involved in
non-enzymic browning reactions
is being continued. An unsatu-
rated ketose, 3,4-dideoxy-p-gly-
cero-hexosulos-trans-3-ene  has
been synthesized for the first
time. It has been found that
sulphur  dioxide inhibits the
browning of amino sugar deriva-
tives present in food by forming
both acyclic and cyclic bisulphite
addition compounds.

During study of physiology of
growth and the ageing process in
plants, the relative roles of nuclear
and extranuclear DNA in chloro-
plast development, the nucleic acid
and protein synthesizing systems
present in chloroplast and the
extent of participation of cyto-
plasmic enzymic system in the
synthesis of chloroplast have been
studied. Protein and amino acid
metabolism of leaves undergoing
accelerated senescence following
detachment from the plant has
also been studied. A net loss of
protein has been observed in the
wheat leaves in the first 24 hr
following detachment; this loss is
associated with a very rapid cata-
bolism of some of the related
amino acid residues. Proline accu-
mulation has been shown in both



attached and detached leaves of
wheat.

A culture apparatus for the
autotrophic growth of the uni-
cellular alga, Chlorella pyrenoidosa,
has been developed and growth
curves under a variety of conditions
have been obtained. An oxygen
clectrode method has been devised
for the measurement of photo-
synthetic and respiratory oxygen
exchange in the liquid phase. An
absolute requirement for cyto-
chrome f in the photoreduction of
nicotinamide adenine dinucleotide
phosphate has been shown for
the first time by the addition of
purified cytochrome [ to the
lamellae from Euglena. The addi-
tion of cytochrome f restores
cytochrome photo-oxidation and
the kinetics are similar to those
observed in whole cells.

Investigations into the effect of
physiological stress, method of
stunning and slaughter on the
meat quality are being continued.
The effect of water and feed
deprivation and transport on the
glycogen concentration of muscles
has been studied. A simple
method for determining density of
meat samples has been developed.
The method permits the estimation
of fat content with an accuracy
of 1-2 per cent in the low fat
range.

Investigations on fishes have
been concerned with the practical
aspect of preservation by freezing
and also with the general bio-
chemical and physiological changes
in the muscle post-mortem in
order to ascertain possible effects
on the ultimate eating quality.

Laboratory and ficld trials on
packaging of fresh fruits and
vegetables are in progress. Pack-
ing bananas in sealed polycthylene
film cartons has been observed to
delay thecommencement of ripening
for period up to 10 days even at
—80°F. Thiabendazole [2-(4'-thia-
zolvl)-benzimidazole] has  been
found to be an effective fungicide
to control mould infection of
Gloesporium wmusarum. The use
of layer pads impregnated with a
mixture of sodium-O-phenyl phe-
nate and metabisulphite has been
found promising for packing grapes
for export. A technique for
culturing and ripening banana
slices has been developed.

The work in the Division of
Processed Iruits and Vegetables is
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concerned with various aspects of
production of food crops, such as
selection of varieties, horticultural
practices and harvesting pro-
cedures. A pilot scale equipment
devised for puncturing peas before
freezing prevents wrinkling of the
skin of frozen peas when cooked.
A simple water injection method
enabling the assessment of the
volume of intercellular space in
different varieties of apples has
been developed. A chemical
method for the quantitative assay
of limonin, bitter principle of
oranges, based on thin layer chro-
matography using  2,4-dinitro-
phenylhydrazone has been de-
veloped. Anapparatus, making use
of phosphorus pentoxide elec-
trolytic hygrometers, has been
constructed for studying the
mechanism of water vapour dif-
fusion in flexible packaging films.
The results obtained with this
apparatus are in excellent agree-
ment with those obtained by the
gravimetric method. The water
vapour transmission rate of
0-0025 in. polyethylene at 20°C.
can be determined in 2 hr. The
new apparatus provides informa-
tion on transient behaviour as
well as on steady state diffusion.
Two procedures for estimating the
oxygen permeability of packages
made up from flexible films have
been developed.

Bulletin of the All India Institute
of Medical Sciences

This bulletin is the latest addi-
tion to the existing family of
medical journals in India. The
bulletin is being published quarter-
ly from July 1967 by All India
Institute of Medical Sciences, New
Delhi. The bulletin will publish
critical reviews on various topics in
contemporary medicine and related
biology. It will carry advance
communications from the faculty
of the Institute on the results of
their latest researches and a
verbatim record of the clinico-
pathological conferences held at the
Institute. Results of researches
into indigenous diseases with the
use of modern methods will also
figure in the bulletin. Further
information regarding subscription,
etc., may be obtained from the
Editor, Bulletin of the All India
Institute of Medical Sciences,
New Delhi 16.

Announcements

» Advanced School on Theory and
Technology of Semiconductors — An
international advanced school on
theory and technology of semi-
conductors is to be held at the
Indian Institute of Technology,
Delhi, from 8 April to 5 May 1968.
Lectures at the school will cover
the following subjects: Band
theory of semiconductors, Trans-
port phenomena in semiconductors,
Semiconductor materials (including
thermoelectric materials), Organic
semiconductors, Thermal conducti-
vity, Infrared absorption, and
Semiconductor devices. Practical
training will be conducted on the
following topics: Raman scatter-
ing of normal modes of silicon
and germanium by reflection
technique, Transmission measure-
ments on the absorption edge
and on impurities doped silicon
and germanium, Crystal growth
from vapour phase, Preparation
of thin film MDM structures and
determination of their character-
istics, Diode and other P-N junc-
tions and their characteristics, and
Impurity diffusion in semiconduc-
ductors.

Further details regarding the
school can be had from its Direc-
tor, Dr S. C. Jain, Department of
Physics, Indian Institute of
Technology, New Delhi 29.

» A Seminar on Gas Chromatography

will be held at the Indian
Institute of Petroleum, Dehra Dun,
on 20 and 21 May 1968. The main
subjects of discussion will be:
(i) Development of gas chromato-
graphy; (ii) Instrumentation; and
(iii) Applications. The last date
for the submission of papers is
31 March 1968. Further details
regarding the seminar can be had
from Dr R. K. Srivastava, Indian
Institute of Petroleum, P.O. IIP,
Dehra Dun.

w An International Symposium on
Turbulence of Fluids and Plasmas
will be held in New York during
16-18 April 1968 under the auspices
of the Microwave Research Insti-
tute of the Polytechnic Institute of
Brooklyn, with the cosponsorship
of the Air Force Office of Scientific
Research, the Office of Naval Re-
search and the Army Research
Office and with the cooperation of
the Institute of Electrical and

47



J. SCIENT. IND. RES., VOL. 27, JANUARY 1968

Electronics Engineers, Microwave
Theory and Techniques Group and
the Optical Society of America.
The main topics of discussion
will be: Identification of the
basic turbulence phenomena in
uncharged fluids; Introduction to
basic phenomena of turbulence in
uncharged fluids and plasmas;
Significance of fluid and plasma
turbulence in science and techno-
logy; Theoretical and experimental
descriptions of turbulent media —
fluids (uncharged gases and liquids)
and plasmas (including interactions
with electromagnetic fields); and
Experimental diagnostic  tech-
niques and related interactions with
turbulent media. The last date for
submission of contributed papers is
15 January 1968. For considera-
tion, a 500-word abstract should be
submitted. Correspondence should
be addressed to: PIB Symposium
Committee (Attn: Jerome Fox,
Executive Secretary), 333 Jay
Street, Brooklyn, New York 11201.

wd Symposium on the Scanning
Electron Microscope: The Instru-
ment and Its Applications will be
held on 30 April and 1 May 1968
at IIT Research Institute, Chicago,
Illinois, USA. Papers will be pre-
sented on various aspects of this
instrument and its applications
in metallurgy, material science,
chemistry, biology, electrical en-
gineering and electronics. Addi-
tional information about the sym-
posium can be had from Dr Om
Johari, IIT Research Institute,
10 West 35th Street, Chicago,
Illinois 60616, USA.

u Textile Association Silver Jubilee
Conference — The Textile Associa-
tion (India) will hold its Silver
Jubilee Conference in New Delhi
on 13 and 14 April 1968. A com-
memoration volume bringing out
the current status of the textile
industry will be published.
Attempts are also being made to
organize a workshop, in which
leading professional experts in the
country would be invited for an
intensive 3-day discussion. The
workshop will review both the
economic and technological aspects
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FORTHCOMING INTERNATIONAL SCIENTIFIC CONFERENCES, 1968

Date Conference Place
14-15 Feb. International Solid State Circuits Conference Philadelphia
2-16 March Thirteenth Congress of the International Taipei

Society of Sugar Cane Technologists
7-8 March Thirty-first International Congress, Institute Brussels
of Sugar Beet Research
March International Symposium on the Preservation Bern
of Cultures and Sera
March International Conference on the Universal Tokyo
Aspects of Atmospheric Electricity
March International Symposium on Radiosensitizers Milan
and Radioprotective Drugs
25-28 March Fifth International Aerospace Instrumenta- England
tion Symposium
9-11 April International Symposium on Pulse-rate and Budapest
Pulse-number Signals in Automatic Control
16-19 April Fourth International Vacuum Congress Manchester
23-26 April International Conference on Magnetics ‘Washington
April International Colloquium on the Synthesis of Orsey
Peptides
April-May Fifth International Congress for Noise Abate- London
ment
1-15 May International . Congress on Lightweight London
' Concrete
6-10 May Seventh International Metal Finishing Con- Berlin
ference
6-11 May Eighth International Congress on Combustion Brussels
Engines
13-17 May Sixth International Mechanical Pulping Con- Atlanta
ference
13-18 May Sixth International Congress on Electro-heat England
15-17 May International Rubber Conference Berlin
19-22 May International Congress of Cytology Rio de
Janeiro
19-25 May International Symposium on Protein and Liége
Polypeptide Hormones
20-22 May International Symposium on Microwave Detroit
Theory and Techniques .
27-31 May International Symposium on Recovery of Helsinki
Pulping Chemicals
May International Conference on Thermionic Elec- Stresa
trical Power Generation
May International Colloquium on Natural Inter- Grenoble
stices and Flaws in Metals
May International Colloquium on Structure and Paris
Properties of Solid Surface
May or June Sixth International Congress, Association for Vienna

Cereal Chemistry

of the textile industry and make
suitable recommendations which
would be presented to the main
conference.

The technical sessions will in-
clude discussions on spinning,
weaving and chemical processing.
In addition, there will be two
general sessions on modernization,
marketing and export promotion
and on education and training in
textile industry.

» Award for Research in Ceramics
— Nominations have been invited

by the Indian Ceramic Society
for an award of Rs 5000 for the
best research work carried out by
an Indian national in the country
in the field of ceramics including
glass, enamels, pottery, refractories,
ceramic raw materials, processes
and products, etc.

Nominations may be sent along
with full particulars and six copies
of the research papers, reports, etc.,
to the Honorary Secretary, Indian
Ceramic Society, Central Glass
& Ceramic Research Institute,
Calcutta 32.



THE WEALTH OF INDIA

A Dictionary of Indian Raw Materials and
Industrial Products

RAW MATERIALS: VOL. VII (N-Pe)

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

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

The major entries included in the volume are:

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

Oysters, Parasitic Worms, Oldenlondia, Onosma, Paeonia, Peltophorum, Neolistea,

Oroxylum, Ougeinia, etc.

Pages xxviii43304-ix, Demy 4to 9 plates and 140 illustrations

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

Can be had from:

Sales & Distribution Section

Publications & Information Directorate, CSIR
Hillside Road, New Delhi 12

JSIR — JANUARY 1968 A23



e

‘LAB-CHEM’
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WEIGHTS
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L]

Contact Sole Selling Agents:
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PEERBHOY MANSION

460 SARDAR VALLABHBHAI PATEL ROAD
BOMBAY 4 (BR)

Gram:

Phone: 356336 ‘ Esvijack’

IMPACT OF SCIENCE
ON SOCIETY

How science is changing the social, political,
economic and cultural structures of today’s
societies.

ORIGINAL ARTICLES ON
® SCIENCE AS A SOCIAL FORCE
e THE ROLE OF SCIENCE IN DEVELOPING

NATIONS
® SOCIAL EFFECTS OF NEW SCIENTIFIC
DEVELOPMENTS
Issued quarterly
Annual Subscription: $2.50 13/- stg 9 fr.
Per copy: $0.75 4/- stg 3 fr.

Free specimen copy on request

Send subscriptions to:

ORIENT LONGMANS LTD.

BOMBAY - CALCUTTA - MADRAS - NEW DELHI
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Just issued...
IMPACT—Vol. XVII (1967), No. 3

Special issue on Microbiology
MICROBIOLOGY IN WORLD AFFAIRS
by C. G. Hedén

MICROBIOLOGY & GENETICS
by F. Jacob

ORDER OUT OF CONFUSION. A CASE FOR A SYSTEMATIC
APPROACH TO MICROBIOLOGY
by V. B. D. Skerman

INFECTIOUS DISEASES & HUMAN ECOLOGY
by A. Macdonald

HORIZONS OF INDUSTRIAL MICROBIOLOGY
by Marvin J. Johnson

-

United Nations Educational, Scientific and
Cultural Organization

Place de Fontenoy, Paris 7e
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S. H. KELKAR & CO. (PRIVATE) LTD.

DEVAKARAN MANSION, 36 MANGALDAS ROAD
BOMBAY 2

Gram: ‘ SACHEWORKS ', BOMBAY-DADAR

Manufacturers of

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

FOR SAMPLE AND PRICE, PLEASE WRITE TO THE ABOVE ADDRESS

AGATE MORTARS & PESTLES|
(Grade Al)

Mmm. m‘ﬂ““lﬂ Absolutely and totally flawless quality, both internally and

i externally. These Agate Mortars and Pestles are being |
exported to very well-known users and trade houses in
UK., US.A, Japan and all other countries of the world.

Sizes available from 20 mm. to 200 mm. diameter |

Also available
All types of IP THERMOMETERS for the Petroleum Testing Laboratories

PLEASE CONTACT

LABORATORY FURNISHERS

DHUN MANSION, 186C VINCENT ROAD, DADAR, BOMBAY 14
Phone : 442761 Telegram : LABFURNISH

Branch Office : KAPASIA BAZAR, AHMEDABAD 2
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Palynological Society of India

(Established January 1965)

PUBLICATIONS

Palynological Bulletin ¢ Journal of Palynology
Editors

Pror. T. S. MAHABALE Pror. P. N. MEHRA
Dr. R. V. SITHOLEY Dr. P. K. K. Nair (Secretary)

PRICE LIST OF PUBLICATIONS

Indian Iforeign
R. $ ¢ £ sh
PALYNOLOGICAL BULLETIN
Vol. 1, 1965 (revised price) 10 3 L s
Vols. 2 and 3, 1966-1967 25 7 2 10
JOURNAL OF PALYNOLOGY
Vol. 1, 1965 20 6 2 g
Special Volume 25 2 10
(prepublication price)
For members only 20 6 2
MEMBERSHIP FEES (REVISED)
Rs. $ ¢ £ sh
1. Life Membership 150 24 8 ... Consolidated
2. Ordinary Membership 15 240 ... .. 18 Per year
3. Institution Membership 20 6 2w owm m
Admission for all classes of 2 48 ... 2 To be paid
memberships only once

For all information please contact:
General Secretary-Treasurer, Palynological Society of India
Post Box No. 36, Lucknow (India)
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RAW MATERIALS FOR
RESEARCH & INDUSTRY...8

Metallwerke Schwarzwald GMBH.

(West Germany)

Manufacturers of brass materials in
form of rods, sheets, tubes, sections
etc. (specify ALLOY required).

For further particulars contact:

K. S. HIRLEKAR

Western India House
Sir Pherozshah Mehta Road
BOMBAY |

Gram: INDBUREAU, Bombay L] Phone: 251931/252073

Master's Degrees Awarded in India
in Science Subjects

The publication presenting statistics for the
period 1921-65 on the annual out-turn of
postgraduate scientists in different subjects
(33) from various universities and other
institutions of equivalent status (totalling 86)
and growth in the number of postgraduate
science departments is of particular interest
to educationists, statisticians and planners.
The statistics are presented both university-
wise and subject-wise with quinquennial
summary as well as year-wise details.

Pages 88 (29x22.5 cm.)
PRICE Rs 10.00, 25s or s 3.75

Scientific & Technical Personnel
Division, CSIR
Rafi Marg, New Delhi |

GLASS LINED

REACTION KETTLES

COMPLETE with all ACCESSORIES, VARIOUS
TYPES OF STIRRERS, THERMOWELLS, VALVES,
CONDENSORS (single or double walled)

Made from tested M.S. plate and perfectly
glass lined. Present capacity from 5 gallons
to 100 gallons.

DISTILLATION UNITS complete with glass
coated pipes, bends, tees, etc.

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

EVAPORATORS, CONCENTRATORS, CRYS-
TALLISERS, all prepared and glass lined to
your specifications.

COMPLETE FILTRATION UNIT with sintered
glass filter plate fitted in.

PIONEERS: GLASS LINED EQUIPMENT

DR. RAO’S LABORATORY

Patel Compound, Near Nair Hospital
BOMBAY 8
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Available Ex-stock

MEMMERT OVEN MODEL TV 10U

« METROHM pH-METER
« GERMAN ANALYTICAL BALANCES
« OTHER LABORATORY GLASSWARE AND

EQUIPMENT

PHARMA TRUST

114 Princess Street, Bombay 2

Available from Ready Stock

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

OPTICAL

INSTRUMENTS

microscopes
students’ - laboratory
research - metallurgical
dissecting « travelling

Also Silicaware and Sintered Glassware
AND

‘MODERN’ Brand Laboratory Instruments such

L) as Ovens, Incubators, Water Baths, Water Stills,
mlcroscop e Heating Mantles, Furnaces, Temperature Control
attachments Units, Kjeldahl Assemblies, Micro-Kjeldahl Diges-

tion Units, Melting Point Apparatus, Stirrers,
spectrometer Cork Boring Machines, etc.
! tact
telescope Please Contac
MODERN SCIENTIFIC INSTRUMENT Co.
GHARPURE & CO. 48A/48B SADASHIV CROSS LANE
P-36 India Exchange Place Exti C: HONBAY &
-36 India Exchange Place Extension, Calcutta-1 Telephone : 354108 Telegram: * MODERNCOM*

Gram ; MEENAMO . Phone : 22-2061
e e I S AR S R
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-

GENERAL RADIO CO.,
U.S.A. Electronic Appara-
tus for Science
and Industry.
Stroboscopes,
Variacs, Sound
and Vibration
Meters, Ampli-
fiers, Impedance Bridges,
Signal and Pulse Gene-
rators, Oscillators, Wave
Analyzers, Distortion
Meters, R-L.C Standards,
Voltmeters, Megohmme-
ters, Coaxial Equipment,
Voltage Regulators,Sweep

dards and Meters.

THE WORLD’S
BEST INSTRUMENTS

Drives, Frequency Stan-

BAIRD ATOMIC INC,,
U.S.A. Nuclear Measure-
ment Apparatus,

Scalers,Timers, -

Amplifier Anal-

ysers, Scintilla-

tion Counters,
Counting Rate-Survey Me-
ters, Gamma Radiation De-
tectors,Flow Counters,Cali-
brated Reference Sources,
Automatic Sample Chan-
ger, Radiochromatogram
Scanners,  Electro-optic
Light Modulator, Tilted
Plate Interferometer, Tra-
nsistor Test Equipment,
Flame Photometers and
SpectrographicEquipment.

MAGNAFLUX CORPORA-
TION, U.S.A. Equipments
and methods for
non-destructive
testing of struc-
tural materials
for physical
defects, Magnaflux and
Magnaglow Testing Equip-
ments for magnetic
metals, Zyglo and Zyglo-

pentrex Testing Equipments *

for non-magnetic metals,
Testing Equipment for non-
conducting material, Soni-
zon Ultrasonic  Testing
Equipment to measure
thickness, related kits and
accessories.

BLH ELECTRONICS,

US.A.  All types of

strain gauges
B and instrument-

ation including
wire-grid, foil grid and spe-
cial purpose strain gauges,
Portable and Self Balancing
Strain Indicators, Record-
ers, Precision Calibratcrs,
Force,Pressure,and Torque
MeasuringDevices,Control-
lers, Switching and Balanc-
ing Units, Multi-Channel
Scanner Recorders, Elec-
tronic Weighing Systems
for tanks, bins and hoppers,

POLARAD
ELECTRONICS
CORPORA-

Microwave Sig-

nal Generators
and Sources,Modular Sig-
nal Generators and Sour-
ces, Spectrum Apalyzers,
Microwave Reception
Equipments, Field Inten-
sitymeters, Transistorised
Impulse Generators, Spe-
ctrum Signature Monitors,
Microwave Test Antennas,
Accessories and Compo-
nents.

SANGAMO

Ll \WESTON LiMI-
W/ TED, UK.

Voltmeters, Ammeters,
FrequencyMeters,Wattme-
ters, Galvanometers of
Panel, Switchboard and
Portable Patterns, Preci-
sion and Laboratory Stan-
dards, Portable Current
Transformers, Magnetic
Contact and Moving Coil
Relays, Photometers, Cli-
pon Volt Ammeters,
Temperature Controllers,
Machine Time Recarder,
Industrial Alarm and Pro-
taction System,

ESTERLINE ANGUS IN-
STRUMENT CO., INC,
U.S.A. Graphic
Chart Recor-
ders for Cur-
rent, Voltage,
Frequency, Wattage,
Power Factor, Pressure,
KVA, KVAR, Speed,
Vacuum, Potentiometric
Speed Servo and Qscillo-
graph Recarders,

CMML-51
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FAIRCHILD
I

CAMERA & INSTRUMENT
CORPORATION U.S.A.
Cathode-Ray Oscillographs,
Cathode-Ray Tubes, Multi-
plier Photo Tubes, Oscillo-
graph Recording Cameras
and Ancillary Equipment,
Television Transmitting

Equipment,

SALES DISTRIBUTORS:

MOTWANE

PRIVATE LIMITED
127 Mahatma Gandhi Road. Post Box No. 1312 Bombay-1
Phone: 252337.Grams: ‘CHIPHONE' all offices * Branches at:
New Delhl, Calcutts, Lucknow, Kanpur, Madras and Bangalors.

AVO LIMITED,
U. K

Electrical and

Electronic Test

Instruments,
Avometers, Multiminors,
Valve Testers, Transistor
Analyzers, Signal Genera-
tors, Bridges, Transistor-
ised Multimeters, Zener
Diode Selectors, Lightme-
ters, Douglas and Macadie
Automatic Coil Winders
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ASKANIA

Altitude measurements are quickly taken

with the

MICROBAROMETER Gbjs

FEATURES

ingly used for altitude measurements.

For many years, Askania Microbarometers have been
used for precision pressure measurements in various
applications. In conjunction with a second instru-
ment or with the Askania Microbarometer GbS in a

base station, Askania Microbarvometers ave increas-

e High resolution (about 0.01 mm Hg corresponding to 10 cm)

e Extensive measuring range (600 mm Hg)

e Handy and light weight (3 kg)

Good temperature compensation, therefore, no thermostat, that is no battery is

needed.

For details, please write to:
SOLE DISTRIBUTORS

THE SCIENTIFIC INSTRUMENT COMPANY LIMITED

ALLAHABAD BOMBAY CALCUTTA MADRAS NEW DELHI
Head Office: 6 Tej Bahadur Sapru Road, Allahabad
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PUBLICATIONS & INFORMATION DIRECTORATE, CSIR

PUBLICATIONS

ENCYCLOPAEDIA
Wealth of India: Raw Materials

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

Vol. VI (L to M)
Vol. VII (N-Pe)

Wealth of India: Industrial Products

Part III (D to E)
Part IV (F to H)
Part V(ItoL)
Part VI (M-Pi)

BOOKS & MONOGRAPHS

Aquatic Angiosperms — A Monograph by K. SUBRAMANYAM

Coir: Its Extraction, Properties and Uses

Flora of Delhi by J. K. MABRESHWARI

Glossary of Indian Medicinal Plants by R. N. CHOPRA, S. L. NAYAR &
I. C. CHoPrA

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. I. ANTROPOV

Problems relating to the Development of Internal Combustion Engine in
India

Essential Oils and Aromatic Chemicals

Cellulose Research: 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 Embryology — A Symposium

Low Temperature Carbonization of Non-caking Coals and Lignites and
Briquetting of Coal Fines — A Symposium : Vols. I and II each

Nucleic Acids

Patented Inventions of CSIR (1940 to 1964)

Recent Advances in Polymers by H. F. Mark

Drug Addiction: with Special Reference to India by R. N. CHOPRA &
I. C. CHOPRA

Indian Scientific and Technical Publications (A Bibliography, 1960-65)

Illustrations to the Flora of Delhi by J. K. MAHESHWARI

Fluidization and Related Processes -— A Symposium

Indian Fossil Pteridophytes: A Monograph by K. R. SURANGE

CNS Drugs — A Symposium

Can be had from

Rs 22.00
Rs 25.00
Rs 30.00
Rs 40.00

* Rs 30.00

Rs 25.00
Rs 25.00
Rs 30.00
Rs 28.00

Rs 20.00
Rs 6.00
Rs 28.00
Rs 8.00

Rs 25.00
Rs 7.00
Rs 16.00
Rs 5.00

Rs 12.00

Rs 10.00
Rs 6.00
Rs 12.00
Rs 15.00
Rs 18.00
Rs 18.00
Rs 18.00
Rs 20.00
Rs 35.00

Rs 20.00
Rs 16.00
Rs 2.50
Rs 12.00

Rs 18.00
Rs 28.00
Rs 24.00
Rs 23.00
Rs 33.00

SALES & DISTRIBUTION SECTION
PUBLICATIONS & INFORMATION DIRECTORATE,

HILLSIDE ROAD, NEW DELHI 12
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Sh 56
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Sh 14
Sh 33
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Sh 12
Sh 24
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Sh 36
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Sh 24

Sh 36
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Sh 66

CSIR

0O PP

P P P A G AP GO G )P PPN < G A D P PPN A

ITIN-EXT-8
800!—'\0\
[SR=R=2)

7.50
9.00
8.00

6.00
175
8.00
2.50

7.50
2.00
5.00
1.50

3.50

3.00
1.75
3.50
4.50
6.00
6.00
6.00
6.50
11.00

6.00
5.00
0.75
3.50

6.00
8.00
8.00
8.00



Slmultaneous TG and DTA

For full information please write to

SOLE AGENTS

This new DTA attachment.is
designed to he used with a
Stanton thermobalance to
allow simultaneous
thermogravimetric and
difterential thermal analysis,
thus chemical decompositions
and physical changes of state
can be distinguished.

The complete attachment
consists of a DTA block
assembly to fit into a standard
Stanton thermobalance, a
high gain amplifier, and either
a single pen chart recorder or
a t-Y flat bed recorder.

Write or phone for details
Stanton Instruments Ltd
Copper Mill Lane

London SW17

Telephone: 01-946-7731

@
&

S
stanton

MARTIN & HARRIS (PRIVATE) LTD.

(SCIENTIFIC DEPARTMENT)

SAVOY CHAMBERS, WALLACE STREET

BOMBAY | BR
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Industrial Research, New Delhi, at the Catholic Press, Ranchi, India

Regd No. PT-842



	Journal of Scientific And Industrial Research 1968 Vol.27 No.1

	Contents
	Index to Advertisers

	Science in India - Some Aspects*

	International Symposium on Modern Optics
	Crystal Growth of Organic Solids & Mechanism of Single Crystal Growth from Melt

	The Enigma of the Mechanism of Action of Hormones
	Reviews
	Notes & News



