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HEWLETT PACKARD

Hewlett-Packard
Multi-function Meter

Accurately
Measure:

» DC Voltage +100 mv to +1000 V full scale (+2 per cent accuracy)

e« AC Voltage 10 mv to 300 V rms full scale, 10 Hz to MHz
(+2 per cent accuracy)

e Resistance 10 ohms to 10 megohms centre scale (+5 per cent of
midscale reading accuracy)

Here is Hewlett-Packard quality in a low cost, solid state, battery operated, multifunction meter, the
new hp 427A.

MINIMUM ZERO DRIFT: For dc measurements you get | mv resolution. The ac meter is average-
resounding, calibrated in rms volts. Only one Zero Set for dc and resistance measurements . . . no need
to re-zero when switching from dc to ohm measurements . . . seldom ‘“Zero’’ on the | V range and above.
LONG BATTERY LIFE: Basically battery operated, the 427A uses a dry cell battery with a regulator:
from panel battery check provided, reads underload regardless of range switch setting. 300 hours typical
operation per battery. AC battery operation, 115/230 V, 50-1000 cps. "
FLOATING INPUT: Reference is the story. Broad measuring capability, high accuracy, at low cost.
Floating input, 10 megohm input impedance and common terminals for ac and dc, high resolution with
9 ranges for dc coverage, 10 ranges for ac, 7 for resistance. Individually calibrated taut-band meter.
Has overload protection for all function.

HIGHEST VALUE: The hp 427A is a real buy . . . the best instrument of its type you can find . . . at a
price that gives you the best available performance at the lowest available price. There is no other
meter to match it, :

For details please write to:
SOLE DISTRIBUTORS

THE SCIENTIFIC INSTRUMENT COMPANY LIMITED

ALLAHABAD BOMBAY CALCU'_TTA. MADRAS NEW DELHI
Head Office: 6 Tej Bahadur Sapru Road, Allahabad
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CORRIGENDUM

In the bibliographic details of the book ‘‘Thin Layer Chromatography: A Laboratory
Handbook ”, 25 (No. 2) (1966), Page 79, the name of Messrs Academic Press Inc., who are
joint publishers of the book, was inadvertently left out. The bibliographic details should read:

Taiy LAYER CHROMATOGRAPHY: A LABORATORY HANDBOOK edited by Egon Stahl (Springer-
Verlag, Berlin & Academic Press Inc., New York), 1965. Pp. xvi+553. Price DM 68
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ELECTRONIC INSTRUMENTS
' /,‘ ppppppppddéddddddccccesc

Z
TRANSISTOR TESTER %

N L)

£ VOLTMETER

VACUUM TUB

UNIVERSAL IMPEDANCE BRIDGE

\.
OSCILLOSCOPE

7%

Sole selling agents :

TOSHNIWAL BROS. PVT. LTD.

H. O. 198, JAMSHED)I TATA ROAD, BOMBAY |.

Branches
Kacheri Road 85A Sarat Bose Road 3E/8 Jhandewalan Extension Round Tana, Mount Road
AJMER CALCUTTA 26 NEW DELHI | MADRAS 2
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HONEYWELL
. 1706
| VISICORDER

R DY

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

This instrument, ideal for laboratories with
limited budgets, features*

* 4 to 6 recording channels

* DC to 5000 c/s response

% 8 paper speeds: 6 to 800 mm/sec
* Built-in timer: 0.1 and 1 sec

* Drop-in paper loading

Other Honeywell oscillographs
available from 12 to 36 channels,
DC to 13,000 c/s response, over
50,000"[sec writing speed: The

PAPER SPLED (mmisec)

H|1706 VISICORDER ® W

36-channel 1612 and UV31 are
the most sophisticated instru-
ments in the line ® The 1108 is a
highly capable 24-channel model
® The 1508 is a compact 24-
channel instrument that takes
only 7" of vertical space in a relay
rack and is also suitable for
bench use e The 906 and the
2,500 handle 14 and 12 channels
respectively.

)
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Honeywell

Sold and serviced in India exclusively by

BLUE STAR

Get complete details from BLUE STAR offices at:

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

7 Hare Street, Calcutta 1

23[24 Second Line Beach, Madras 1

18 Kaiser Bungalow, Dindli Road, Jamshedpur
14/40 Civil Lines, Kanpur
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ELECTROLYTIC
GONDUGTIVITY
EQUIPMENT

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

e

Portable Conductivity Recorder

o L

§ INSTRUMENTS INC,

Get complete details from BLUE STAR offices ot :
Connaught House, Connaught Circus, New Delhl| 1
Band Box House, Annie Besant Rd., Bombay 18
Sold and serviced in India exclusively by 7 Hare Street, Calcutta 1

- 2324 Second Line Beach, Madras 1
% 1B Kaiser Bungalow, Dindli Road, Jamshedpur
BLUE STAR 14/40 Civil Lines, Kanpur

CEDAR GROVE OPERATIONS

N <3
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Gansons LABORATORY EQUIPMENT

* WATER STILLS
* WATER BATHS

* OVENS & INCUBATORS
*® SHAKERS

‘,

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

SRB/GS/06

FOR. CHEMICTL
EXPERIMENTS
ANDANALYSiS
USE ANALYTiCAL

REAGENTS

'MANUFACTURED

BY...

A
THE INTERNATIONAL
CHEMICAL INDUSTRIES

103-B. UPPER CIRCULAR ROAD
(ACHARYA PRAFULLA CHANDRA ROAD)
CALCUTTA-9
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G. M. COUNTER

incorporating

e Calibrated pulse height discriminator
e Scale-of-64

e Either variable high voltage supply
300-1500 V. or counting rate meter

e Facility of audio monitoring of counts

Halogen quenched G.M. Counter

*

Other Products

» Bridge oscillator

o Stabilized power supply

o Vacuum tube voltmeter

« Cathode ray oscilloscope

« Co-axial and rectangular connectors
o Hermetically sealed transformers

« Microwave components (under collaboration
with N.R.D.C. Process developed at the Central
Electronics Engineering Research Institute,
Pilani)

CONTACT

ARJUNA ELECTRONICS

Private Limited
BASHIR BAGH, HYDERABAD | (A.P.)

Grams: MICROPULSE e Phone: 36141

From Ready Stock

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

Silicaware, Porcelainware, Filter Papers,
etc.

BIOLOGICAL ITEMS

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

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

SCIENTIFIC SALES SYNDICATE

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

Telephone: 29160 Telegrams: CENTROFIX

GRAM: : ‘ASHACOM' PHONE : 22855

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

0 Manufactured by

SCIENTIFIC EQUIPMENT
- MFG. CO.

An associate of

ASHA SCIENTIFIC CO.

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

Interchangeable Laboratory)
Glassware ‘Our Speciality

WE SUPPLY COMPLICATED RESEARCH APPARATUS

A8

-
JSIR—SERTEMBER 1966

-



A
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N
Cauvery Brand

STABLE
BLEACHIN
PONDER

etextile bleaching,
ewater purification,
eenvironmental sanitation

000

7

THE METTUR CHEMICAL & INDUSTRIAL CORPORATION LIMITED
Mettur Dam R. 5. Salem Dist.

Managing Agents:

SESHASAYEE BROTHERS PRIVATE LIMITED

CRITERION-MC-370

PLASTIC LABORATORY WARE

MADE OF POLYETHYLENE, POLYPROPYLENE, POLYCARBONATE
® THE QUALITY
algene
PLASTIC LABWARE

The NALGE CO, Inc. rochester 2 x¥.

AGENTS: J. T.JAGTIANL,NATIONAL HOUSE,TULLOCH RD,,APOLLO BUNDER,BOMBAY -3
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Announcing the publication of

FLUIDIZATION AND RELATED PROCESSES
A Symposium

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

Contains twenty-seven papers distributed under five sections: (i) Fundamental Measure-
ments (2 papers), (ii) Physical Interpretation and Momentum Transfer (9 papers), (iii) Mass
Transfer in Fluidized Beds (3 papers), (iv) Heat Transfer in Fluidized Beds (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 or §8.00

Copies available from

Sales & Distribution Section
Publications & Information Directorate, CSIR
Hillside Road, New Delhi 12
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. SPECTROGRAPHICALLY
Matthey:STANDARDISED |

SUBSTANGES

GROUP [V | GROUP ¥ | GROUP WI

GROUP O GROUP | GROUP I GROUP [N

H
Li Be
Na | Mg | AI Si P S Cl
K Ca Mn
Zn Ga Ge As Se Br A
Sr Y Zr |Nb | Me |Tc |RuRiPd
Cd| In| Sn| Sb| Te |
Ba Sm Eu Gd Th
Dy Ho Er Tm Yb Lu [Hf [Ta |W [Re | OslirPt
Hg
Ra

GROUP VI

GROUP YOI

FeCoNi |

Cu

The Johnson Matthey range of spectrographically standardised
substances is wide and now embraces metals and compounds
representing 70 clements. All the materials are of the highest
practicable degree of purity and are subjected to stringent analysis.
The report that accompanies every batch states the amount of each

metallic impurity in parts per million and also the method of
determination,

Where the highest purity is not needed, many of the elements can
be supplied as metals and compounds of a lower degree of purity.

E L E M E N TS Johnson Matthey

Available zhrough‘ Arora-Matthey Limited Raj-Der-Kar & Co.,

166. Netaji Subhas Chandra Bose Road, Sadhana Rayon House.

Tollygunge, CALCUTTA-40 Dr. D. Naoroji Road.

Associated Instrument Manufacturers (India) SRl

Private Limited, The Scientific Instrument Company Ld..
The Andhra Scientific Co. Ltd.. Sunlight Insurance Buildings, 6, Tej Bahadur Sapru Road,
4, Blackers Road, Mount Road. 26-27 Asaf Ali Road, NEW DELHI ALLAHABAD-|
MADRAS-2.

JOHNSON. MATTHEY & CO.. LIMITED, HATTON GARDEN LONDON ENGLAND
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TOWA-INDIAS ANOTHER FIRST

CLEAR AND LUMINOUS IMAGE
MAGNIFICATION UPTO 400 9

An ideal instrument for demonstration

MICRO
PROJECTOR

i MODEL - TWMP

Also these Microscopes:

® STEREO BINOCULAR

@® METALLURGICAL

© BINOCULAR RESEARCH

@® MONOCULAR RESEARCH and MEDICAL
® MONOCULAR STUDENT

@ DISSECTING

Manufactured by :

TOWA OPTICS (INDIA) PRIVATE LTD.

in collaboration with TOWA - Japan
Regd. Office : 4, Daryaganj, Post Box 1685, Delhi <6 Phone : 271497
Branch Office : 33, Sembudoss Street, Macras-1

SCIENTIFIC INSTRUMENTS & EQUIPMENTS

for
Education, Research & Industry

RESEARCH, STUDENT & DISSECTING MICROSCOPES -

o MICROTOMES ® pH METERS ® PHOTOELECTRIC

COLORIMETERS ® OVENS ® INCUBATORS ® WATER

BATHS ® ANALYTICAL BALANCES ® LABORATORY

GLASSWARE, PORCELAINWARE & SILICAWARE
e PHYSICS INSTRUMENTS

INTERNATIONAL
AGENCIES

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

SP/Int.|
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ELECTRON MICROSCOPE

for universal application in Biology, Medicine,
Mineralogy, Metallurgy

Electron Microscope SEM 3-I
is a three-stage transmission microscope
with electromagnetic lenses

Electron-optical 1000 . . . 100,000 fold
magnification (eleven-stage)
Resolving power 1.5 mm
Beam voltage 40, 60, 80 and 100 kV
EQUIPMENT

@ Micro beam condenser
® Cooling chamber up to 145°C
@ Specimen heating up to 1000°C

VEB WERK FUR FERNSEHELEKTRONIK

116 BERLIN-OBERSCHONEWEIDE, OSTENDSTRASSE [-5
GERMAN DEMOCRATIC REPUBLIC

AGENCY

MESSRS K. LAL BHAKRI
P.O. Box 487, New Delhi, India

JSIR—SEPTEMBER 1966
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EASY,
SPEEDY
AND
ACCURATE
PACKING
OF
BULK
MATERIALS }

‘HAVER' VALVE
BAG PACKING
MACHINES are ideal

for bagging cement, lime, gypsum, basic slag and similar bulk materials.
In a single operation they fill and weigh bags of 50 to 112 Ibs. gross
weight. Sieves, screens, sample extractors, vibrating tables and feeders
also supplied to your specific requirements.

HAVER & BOECKER West Germany.

Sales Representatives: M o I WA N E

PRIVATE LIMITED
127 Mahatma Gandhi Road, Post Box No. 1312 Bombay-#
Phone: 252337.Grams: ‘CHIPHONE® all offices = Branches at:

New Delhi, Calcutta, Lucknow. Kanpur, Madras and Bangalors.
<8ML.28
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Colour-Chem CO everywhere!
e

on your fabrics, colourful inks in your Backed by 100 years of

magazines, pleasing paints in the interior German experience

of your h inatir COLOUR-CHEM LIMITED
your home, f;scmmmg lapestr¥ and the 221, Dadabhoy Naoroji Road,

attractive furnishings of your drawing room,

; Fort, Bombay-1
plastic balls in the hands of your children— In direct participation with:

remember that COLOUR-CHEM, India’s FARBENFABRIKEN BAYER AG., 3

leadin k £ Pi t Col s Leverkusen, W. Germany ‘

S IAKers 0l Higment Lolouts, is. very FARBWERKE HOECHST AG., 8

much a part of your daily life. Frankfurt, W. Germany &
JSIRSEPTEMBER 1966 Al5
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LARGE
INCIDENT-LIGHT
CAMERA MICROSCOPE

Neophot 2

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

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

VEB Carl Zeiss JENA

GERMAN DEMOCRATIC REPUBLIC

Sole Agents in India

GORDHANDAS DESAI PRIVATE LTD.

KERMANI BUILDING, SIR PHIROZSHAH MEHTA ROAD, BOMBAY-1 BR
BOMBAY MADRAS CALCUTTA NEW DELHI BARODA
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New Publicarions

~ Indian Scientific & Technical Publications
1960-65—A Bibliography

Rehearses 4492 books, and 768 periodicals and reports on scientific and technical
subjects in English and Indian languages, published in the country during 1960-65.
Contains Author and Subject Indices for the Books. Also gives a list of Pub-
lishers with their address.

Pages xii4-284; Royal 8vo 4 Price Rs 18.00 ($ 6.00 or 36 sh.)

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 figures 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 reference on the plants of Delhi and its environs for many years to come.
It deserves a place in your bookshelf.

Pages 2824xx; Royal 8vo Price Rs 28.00 (§8.00 or 56 sh.)

Can be had from:
The Sales & Distribution Section
Publications & Information Directorate, CSIR
Hillside Road, New Delhi 12

[ 4
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REICHERT

MICROSCOPES
and
MICROTOMES
for
Research
and
advanced
Teaching

Sales & Service Centres throughout the world !

Compact-Elegant-Versatile-Novel Equipment:

For Research and routine work in Science, Medicine, Technology and Industry
Specialities:
*Polyphos” condenser for variable illumination for phase contrast,

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

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

Sold and Serviced in India by:
Exclusive Agents and Distributors

NEO-PHARMA INSTRUMENTS CORPORATION

Kasturi Bldgs., J. Tata Road, BOMBAY-1.
Technical Service Offices: CALCUTTA-DELHI-MADRAS
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BOROSIL

NOW OFFERS

CORNI NG®

BRAND

BEAKERS AN FLASKS

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

FILTER FLASKS
HEAVY WALL

DISTILLATION FLASKS

STORAGE BOTTLES

NARROW MOUTH, WITHOUT STOPPERS
UPTO 20 LITRE CAPACITY.

Manufactured by :

BOROSIL

BOROSIL GLASS WORKS LTD.
CHOTANI ESTATES,

PROCTOR ROAD, BOMBAY-7
Phone: 71166

Grams: ‘BOROSIL’

Branches

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

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

()()RNlNGo is Reglstered Trade Mark of Corning Glass Works, New York U.S. A.

SPECIAL
JSIR—SEPTEMBER 1966
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Range includs :
© VOLTMETERS @ AMMETERS @ G.P. 0. DETECTORS

@ RESISTANCE BOXES @ P. 0. BOXES ® RHEOSTATS

© EXTERNAL SHUNTS @ A.C./D.C. GCONVERSION EQUIPMENT
AND ALLIED ITEMS.

MADE, SOLD & SERVICED BY :

SETT & DE 16, GANESH CHANDRA AVENUE
CALCUTTA-13 ® PHONE : 23-9588

FOR
QUALITY

AND
SERVICE

HOT AIR OVEN

s Replaceable heaters o Double chambers with thick heat
insulation in between e Adjustable compartments e Gra-
vity convexion currents for free circulation of air or forced
air circulation by means of blower fan e Model SC/H/3
with temperature control e Different types like: Hot Air
Oven, Drying Cabinets, Vacuum Ovens, gas or electrical
working, with or without temperature control with inner
chamber of M.S. copper or S.S. e Working on a.c. or d.c.
supply: painted attractively with oven-baked hammer tone
‘QUICO’ MODEL SC/H 3 colour

Please contact

UNIQUE TRADING CORPORATION

Specialised for all sorts of Laboratory Requisites and Authorised Distributors for
‘WHATMAN'" Filter Papers and ‘CORNING' Laboratory Glassware

221 SHERIFF DEV )l STREET, BOMBAY 3
Gram: UNILAB Phone: 326227 & 326228
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AVAILABLE FROM READY STOCK
‘ERMA’ Japan make ABBE REFRACTOMETER

“for determination of refractive index of any transparent liquid, plastic or solid
body, from 1.300 to 1.700. More details on application.

Also available ex-stock

‘SPECTRONIC 20’ SPECTROMETER-CUM-COLORIMETER,
FLAME PHOTOMETER, SINGLE PAN BALANCE,
VACUUM PUMPS, ETC.

PLEASE CONTACT

RATIONAL SALES ASSOCIATES

Registered Office
382-83 Lalji Nathu Building, Telang Cross Road No. 2
MATUNGA, BOMBAY 19 DD
Phone: 475686
Sales Office
65-67 Sutar Chawl, First Floor, Zavari Bazar
BOMBAY 2 BR

ABBE
REFRACTOMETER Phone: 327617 & 327647
SP/RS/3
INDEX TO ADVERTISERS
ARJUNA ELRCTRONICS PRIVATE Lan., HypERAuAD AR L.AnORATORY FURNISHERS, BOMBAY A27
Asna Scientirie Co., BOMBAY AR MartiN & Hargrrs (Private) Lro., Boasay .. A36
BLue Star ExciNesrinGg Co. (PrivaTe) Lo, BoMsav A, 6 MerTur CuHEMICAL & INDUSTRIAL CORPORATION L1D.,
SALEM .., . A9
Borosi. Girass Works Lrtn., BomBay AlY A
B, Paver, & Co.,. Bossay A32 MODERN SCIENTIFIC INSTRUMENT Co., DoMBAY A30
e Die -
Briries Drec Houses (INpia) Private Lto., BoMmsay A29 Motwaxe Puivare Lro., Bousay Al4
CoLour-Curst Ltn., Bossay Al5 NEO-PHARMA INSTRUMENTS CORPORATION, BOMBAY A18
D, T -
CSIR PuBLICATIONS & INVORMATION DIRECTORATE, Prarsta Trust, Bossay A30
NEw DeLnt A10, 17, 23, 26, 28 RapoN House PRivate Ltp., CALCUTTA A32
DerTscHE EXPORT-UND IMPORTGESELLSCHATT FEINMECHANIK- RATIONAL SALES ASSOCIATES, BOMBAY ASl
Orrik MeH,, 102 BERrLIN, SCHICKLERSTRASSE T Al3, 24, 33 .
Sarasuat Merck Lrv., BoMmnavy .. A28
b GANSONS PrIvATE LTD., BOMBAY ... v AT
Serr & D, CAncurta ... A20
GuARPURE & Co., CALCUTTA A0
. . SciENTIFIC INSTRUMENT CO. LTD., ALLANABAD . A2, 34
GOrRpANDAS DEsal Private Lip., BouBay .., A3S
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For rapidly making flexible heating elements in
laboratories. Ease of installation make this a
must for Research and Development Laboratories.
FEATURES:

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

W Can heat intricate shapes in glass.

No time is wasted in designing or calculating or
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Surface temperatures upto 350°C.

Type: ds,
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with 6 connectors
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Engg. Division of Primco Private Limited
Ist. Floor, Lamington Chambers, Lamington Read,
BOMBAY-4, BR.

TYPICAL APPLICATIONS:

Heating of fractionating columns, gas chromato-
graphy columns, condensers, flasks and vacuum
dessicators.

Contact
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TEMPO INDUSTRIAL CORPORATION
Engineering Division of Primco (P) Ltd.

394 Lamington Road, Bombay 4 BR.
Phone: 358033
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Current Topics

Science Education & Research:
Recommendations of the Education
Commission

THE Education Commission appointed by the
Government of India in July 1964 “‘ to advise
Government on the national pattern of education
and on the general principles and policies for the
development of education at all stages and in all
aspects ” submitted its report on 29 July 1966.
Part IT of the report devotes two chapters to higher
education relevant to science education and research
which are dealt with in a separate chapter. The
Commission is of the opinion that if education is
to develop adequately in the next 20 years, expendi-
ture on education should rise from Rs 1444 million in
1950-51 to Rs 6000 million in 1965-66 and Rs 40,364
million in 1985-86, and after 1985 there should be
greater emphasis on higher education and research.
The Commission has also called for a drastic
reconstruction of our education making it science
based, as this step alone can provide the foundation
as also the instrument for the nation’s progress.

Considerable emphasis is laid on the quality of
higher education and research in universities. It
is recommended that at least 6 major universities
be developed where first class post-graduate work
and research of international standard is made
possible. These universities, selected from the
existing ones, should include an Indian Institute
of Technology and an Agricultural University.

To bring about a real improvement in the present
state of science education and research, the Commis-
sion feels the need for a rigorously selective approach
in respect of post-graduate studies and research.
It is suggested that students best suited for post-
graduate work should be carefully selected and a
small number of centres of excellence built up.
The programme of the University Grants Commis-
sion (UGC) for setting up advanced centres of study
should be strengthened and 50 such ‘clusters’

-tQvering agriculture, engineering and medicine
established in some of the most promising univer-
sities in the next 5-10 years.

Eighty per cent of the post-graduate and
research work is to be organized in the universities
and at the university ‘centres’, and institutions
doing basic research outside the university are to
be brought within the university or linked with
universities. The Commission has recommended
that selected post-graduate students should spend a
term or two of their training in another university
or research institution specializing in the subject of
theirinterest, Whenever practicable, research workers

,in the Council of Scientific & Industrial Research
(CSIR), the Atomic Energy Establishment, and other

research institutions outside the university system
should be invited and induced to become teachers,
full-time or part-time, for long or short periods.

Facilities for increased enrolment in professional
courses are to be provided, especially in agriculture,
engineering and medicine, and in science at the
post-graduate level. The proportion of enrolment
at the post-graduate stage to the undergraduate
stage is to be raised from the present 11 to 30
per cent by 1986. Post-graduate courses in en-
gineering are to include at least one year’s
experience in industry and research to be directed
towards problems in industry. It is recommended
that a regular doctorate degree for developmental
work within industry in addition to a doctorate
degree by thesis be created.

On the question of scientific manpower utilization
the Commission feels that we should strive for high
efficiency — higher even than that in industrially
advanced countries. Priorities and programmes
in education and research are to be determined on
the basis of hard ‘ indigenous ’ thinking and national
needs. Apart from taking steps to improve the
quality of post-graduates and research workers,
the Commission has suggested that the output of
post-graduates in science and mathematics be
increased several fold in the coming decades.

Means for efficient use of existing equipment have
to be found and it is recommended that UGC and
CSIR encourage and support some of the univer-
sities and national laboratories to organize instru-
ment calibration and repair service. It is suggested
that applied work such as developing new techniques,
designing and fabrication of instruments and
apparatus should receive proper recognition.

An important measure recommended by the
Commission which has a bearing on higher education
and research is the constitution of an Advisory Body
on National Science Policy. It is recommended
that the Scientific Advisory Committee to the
Cabinet be reorganized and provided with an
effective secretariat and professional component
adequate to its tasks. The Chairman of the Ad-
visory Body should be a professional scientist,
engineer or science administrator of high standing.
Deliberate support and encouragement of advanced
study and research in our universities should become
a fundamental goal of our national science policy.
Within the UGC organization, an important place
should be given to production of objective infor-
mation, by the most advanced methods available,
on university research in India and its impact on
Indian society.

The implementation of these and other important
recommendations of the Commission will largely
depend on the resources available and how wisely

“and effectively they are utilized.
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Metallurgy of Substitute Ferrous & Non-ferrous Alloys—A Symposium

P. K. GUPTA
National Metallurgical Laboratcry, Jamshedpur

N the wake of depleting mineral reserves and
I their shortages and the almost total absence
of some, research and applied technological
effort are continuously directed towards mineral
conservation on the one hand and making the most
optimum use of available resources on the other.
In doing so, unconventional uses have to be made
of different metals and their alloys through the
judicious development of ‘substitute’ ferrous and
non-ferrous families of alloy compositions. The
subject of substitute alloys has always tended to
be somewhat controversial, when considered on
the basis of indigenous availability of the primary
metals, not only in relation to metallurgical accept-
ability of the substitute alloys but also vis-a-vis
their production economics, consumer acceptance
and serviceability. During World War II, con-
siderable strides were made in different countries
to develop substitute alloys such as the low tung-
sten high speed steels, substitute En series of alloy
steels with much lower alloy contents, etc. Some
of these substitute alloys have come to stay while
others are being upgraded in relation to require-
ments of stringent properties for rigid service
characteristics. In the field of alloy, tool, special and
stainless steels, the growth of substitute alloy steels
has been outstanding, while search and research are
being ceaselessly made to formulate still better and
superior substitute alloy compositions. An inter-
national symposium on ‘ Metallurgy of Substitute
Ferrous & Non-ferrous Alloys’ was organized by
the National Metallurgical Laboratory (NML) from
27 to 30 April 1966 to catalogue and focus attention
on known families of substitute alloys in relation
to others offering potential scope for research and
development. The symposium was attended by
many distinguished scientists and metallurgists from
overseas as also by about 200 delegates from India.
The symposium was inaugurated by Shri T. N.
Singh, Union Minister for Iron and Steel; Sir Jehangir
Ghandy, Chairman, Executive Council, National

Metallurgical Laboratory, presided over the function.

Dr B. R. Nijhawan, Director, NML, welcoming
the delegates stressed the importance of the short-
term and long-range research and development
work on substitution and development of substitute
alloys because of chronic foreign exchange shortage
in the country. The present emergency has also
highlighted the importance of research and develop-
ment work in this direction, on which the NML
had started active work even when there had been
no emergency. He surveyed some of the major
basic and applied research projects of NML on sub-
stitute ferrous and non-ferrous alloys including
stainless steels, alloy tool steels, etc., for producing
diverse end products to exacting specifications and
practical needs. He observed that such pioneering
work carried out at NML is rewarding and presents
interesting industrial potentialities.
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Shri T. N. Singh, Union Minister for Iron and Steel,
inaugurating the symposium, observed that the
subject of the symposium cannot be overemphasized
in the context of the present foreign exchange
shortage and meagre deposits of some strategic
metals. He advocated the use of substitute mate-
rials, particularly the substitution of galvanizing
by aluminizing, and attached highest importance
to aluminizing process developed by NML. He
expressed his intention to have a whole section of
aluminizing plant in one of the public sector steel
plants. Shri Singh highly commended the valu-
able assistance which the steel industry in India
has received from NML and paid a warm tribute
to Dr B. R. Nijhawan and his colleagues for their
devoted work and dedication to research in many
spheres of mineral and metal industry.

Sir Jehangir Ghandy, Chairman, Executive
Council, NML, observed that NML had been actively
engaged on the development of substitute alloys
such as nickel-free austenitic stainless steels, nickel-
and cobalt-free electrical resistance alloys, nickel-
and copper-free coinage alloys, manganese bearing
brasses, tool and die steels, iron-aluminium alloys,
aluminium bearing alloys and substitute processing
techniques such as aluminizing of steel. On behalf
of the Executive Council of the NML, Sir Jehangir
conveyed his appreciations to Dr B. R. Nijhawan
and his colleagues for their commendable progress
in different research fields. Sir Jehangir also
announced the award of a gold medal and conferring
of Honorary Membership by Japan Iron & Steel
Institute on Dr B. R. Nijhawan, who is the first
Indian to receive this internationally distinguished
honour. The coveted Bhatnagar Memorial Award
to Dr Nijhawan by the Council of Scientific & Indus-
trial Research, New Delhi, for his outstanding
contributions in engineering sciences was also
referred to. *

Shri N. N. Wanchoo, Secretary, Ministry of Iron
and Steel, stressed that even if complete substitution
of strategic metals is not possible, partial substitu-
tion will also help a great deal. He praised NML
for its work in the field of substitute alloys and
organizing symposia on metallurgical subjects of.
topical interest. He also greatly appreciated the
valuable assistance rendered by NML to the Indian
iron and steel complexes in solving their problems
of both short-term and long-range importance.

Technical Sessions

Thirty-six papers covering various facets of
substitute alloys were presented and discussed in
seven technical sessions.

Research and Development Work on
Substitute Alloys at NML

At the first session, five papers were f)resented.
The leading paper by B. R. Nijhawan (NML)

»
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discussed the scope of research and development work
on substitute alloys at NML. Dr Nijhawan dealt with
in detail the various research projects undertaken
_at NML such as (1) development of substitute alloy,
took and stainless steels including high temperature
creep resistant alloys, (2) transformation and ageing
characteristics of substitute alloys and stainless
steels, (3) development of iron-aluminium alloys
and iron-manganese-aluminium composition for
high temperature oxidation resistance application,
(4) substitute magnetic materials, (5) nickel- and
copper-free coinage alloys based on aluminium-
magnesium and manganese composition, (6) substi-
tute nickel- and cobalt-free electrical resistance
heating elements, (7) manganese bearing substitute
brasses, (8) hot-dip aluminizing of steel to replace
galvanizing of steel, (9) substitute surface treatments
like PVC-coated steel and chromated steel sheets,
(10) substitute aluminium electrical grade conduc-
tors, (11) aluminium based substitute alloys including
antifriction aluminium bearing alloys, (12) improved
mild steel for structural purposes and develop-
ment of indigenous low alloy high strength steels,
(13) thermo-mechanical and processing treatments for
ultrahigh strength steels, (14) physical metallurgy
. of substitution of alloys, (15) substitution on refrac-
tory products, (16) survey of the scope and economics
of substitution, and (17) industrial scale application
and economics of substitution of metals. The
results of these pioneering investigations offer
interesting industrial potentialities and commercial
scale production of a number of projects has been
taken up, e.g. coinage alloys, nickel- and cobalt-free
electrical resistance alloys, hot-dip aluminizing,
substitute magnetic materials, etc.

-

Metal Matrix Composite Materials

-~ H. M. Burte, F. R. Bonanno, L. D. Blackburn,
J. A. Herzog and W. I. Stuhrke (Air Force Materials
Laboratory, Wright-Patterson Air Force Base, Ohio,
USA) gave the underlying principles of fibre rein-
forcement and discussed the potential of metal
matrix composites and their advantages over other
types of composite materials under severe environ-
ment of‘ temperature, vacuum and stress. The
employment of composite technology may permit
the large-scale substitution by aluminium for the
more scarce metal copper in high voltage electrical
transmission. The improved strength and strength
retention at high temperature of axially reinforced
aluminium composites will permit significant increase

=i the power carrying capability of the aluminium.

Apart from the potentiality of metal matrix com-
posites, the authors furnished ‘micro-mechanics’
of filament characteristics and filament-matrix
interactions to elucidate the modulus of elasticity,
tensile strength, strength of filament, and macro-
and microstructure of different types of composites.

Copper Consumption in Industrial Countries

L. R. Vaidyanathan and M. J. Smith (Indian
Copper Information Centre, Calcutta, and Inter-
national Copper Development Council, London),
while suggesting considerable saving in copper
, consumption by design improvement, proper
selection of copper alloy, metal spraying and electro-

plating, expressed the view of retaining the use of
copper and its alloys where international competi-
tion has to be met in the export market and in all
items of equipment for home use where long-range
efficiency cannot be obtained by substitute products.
Worldwide consumption of copper for various end
products was also furnished.

Substitution of Imported Materials in
Railways

K. C. Choudhuri (Research Development &
Standards Organization, Ministry of Railways,
Chittaranjan) presented the work done by Indian
Railways for substitution of the imported materials
and gave details of non-ferrous and ferrous imported
materials which can be substituted with indigenous
materials. The field thus relates to (i) use of
spheroidal graphite cast iron bearing shells in place
of b onze bearing shells of carriage and wagon bear-
ings, (ii) substitute for leaded bronze solid axle boxes
of the steam locomotives, (iii) development of alu-
minium base bearing alloys to replace bronze and
antifriction metals, (iv) development of electrical
contacts based on indigenous materials used for
signal relays, (v) development of contact springs
based on indigenously available material for use
in signal equipment, (vi) use of insulated aluminium
cables in place of copper cables for train lighting
and signalling, (vii) substitution of galvanizing by
aluminizing, etc.

Economic Utilization, Recovery and
Substitution of Strategic Non-ferrous Metals

M. Subramanian, R N. Misra, P.P. Bhatnagar and
B. R. Nijhawan (NML) dicussed the scope of sub-
stitution and conservation of Cu, Zn, Pb, Sn and
Ni in relation to their multifarious end uses.
Various means suggested to reduce consumption
trends of non-ferrous metals are (i) lowered metallic
loss and higher recovery and yield figures during
extraction of metals and subsequent processing,
(ii) improved technological production methods,
(iii) refining of non-ferrous wastes and metallurgical
byproducts, and (iv) secondary refining.

Aluminium Alloys

In the second technical session, Rajendra Kumar
and Manjit Singh (NML) presented the results of
research work on electrical conductivity of substi-
tute aluminium alloys. Effects of binary solute
additions of silicon, iron, manganese and magnesium,
each up to 1-0 per cent on the electrical conductivity
and tensile properties of electrical grade (99 7-99-8
per cent purity), aluminium were studied. It was
found that the conductivity of commercial alu-
minium can be improved by removing the soluble
impurities by heat treatment, suitable alloy addi-
tions or both through precipitation of their inter-
metallic compounds. Based on research results,
an alloy has been made from commercial pure
aluminium in the form of wire which conforms to
all the specified tests of the Indian Standards
Institution. H. K. Lloyd (University College of
South Wales) and C. H. Oxlee (Royal Armament
Research & Development Establishment, UK)
examined the effects of aluminium and iron
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as separate additions on the mechanical properties
and corrosion resistance of copper-manganese-zinc
alloys. Both aluminium and "iron improve the
strength of the basic alloy, but iron is more effective.
Aluminium additions confer a marked improve-
ment on the corrosion resistance of the basic alloy
whereas iron addition is generally detrimental.
a-Alloys containing up to 4-18 per cent aluminium
have been recommended as the most attractive alloys
for commercial use as substitute for nickel-silver.

Ved Prakash (NML) discussed the development
of substitute magnetic materials based on iron-
aluminium alloys, barium-ferrite and intermetallic
compounds of manganese. Iron-aluminium alloys
develop high permeabilities in the range of 15-16
per cent aluminium when the alloy is in disordered
state and has least values of crystal anisotropy and
magnetostriction. These alloys can replace nickel
alloys for many applications. Tetragonal and
hexagonal metallic and non-metallic crystals like
Mn-Al and barium-ferrite can replace Alnico alloys
in several applications.

Development of substitute electrical resistance
alloys for heating elements dispensing with nickel
and cobalt was discussed by R. Choubey, S. Chou-
dhuri, B. N. Das and B. R. Nijhawan (NML) in
a paper based on the work carried out at NML. The
substitute alloys are based on Fe-Cr-Al system
having 10-20 per cent Cr and 3-8 per cent Al with
small but significant addition of Zr and misch metal.
The production technology of these substitute alloys
from melting to the finished wire has been standar-
dized for implementation on industrial scale. The
physical properties such as electrical resistivity,
grain growth, high temperature scaling resistance,
accelerated life tests, etc., compare favourably with
conventional alloys.

Tin-Lead Alloys

F. N. Rhines and W. A. Anderson (University
of Florida, USA) described a number of alloys which
have been proposed as soft solders and as substitutes
for the standard tin-lead compositions. It was
pointed out by the authors that no alloy can be
expected to serve all the purposes of tin base alloys.
The alloys containing reduced amounts of tin rather
than tin-free solders will be most acceptable for
soldering copper. Tin-lead-cadmium composition
is found to be promising in this application.
the tin-free solders, lead-cadmium and lead-silver
series are most attractive.

Copper-Manganese Alloys

A. K. Lahiri, K. P. Mukherjee and T. Banerjee
(NML) dealt with the properties of some copper-
manganese alloys to determine their suitability for
use in place of copper-zinc alloys for some specific
applications. Three groups of alloys, e.g. Cu-Mn,
Cu-Mn-Zn and Cu-Mn-Ni, were investigated with
copper, manganese, zinc and nickel varying from
95 to 65, 5 to 40, 5 to 25 and 2 to 8 per cent. The
single phase alloys showed high strength combined
with good ductility and deep drawing properties
in consideration of which these can be substituted
for conventional brasses, such as bolts and tie-rods,
shafting, rivets, valves, automobile lamp bodies,
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lamp bases, domestic and industrial plumbing, etc.
The possibilities of using 65 per cent Cu-25 per cent
Zn-10 per cent Mn for cartridge cases need exami-
nation, but this alloy can be substituted for manga-
nese-bronze when corrosive conditions are not very
severe.

Low Carbon High Chromium Alloys

In the third session, five papers were presented.
J. Banerjee and G. P. Chatterjee (Durgapur Steel
Plant, HSL) dealt with development of a low carbon
high chromium master alloy for production of
different types of chromium steel. This alloy can
substitute the conventional imported low carbon
ferrochrome utilized for the above purpose.
Laboratory scale experiments to produce the low
carbon high chromium master alloy have been
carried out at Research & Control Laboratory of
the Durgapur Steel Plant and very encouraging
results have been obtained.

Nickel-free Austenitic Stainless Steels

Sustained work at NML on the substitution of
nickel in austenitic stainless steels has resulted in
the development of nickel-free austenitic stainless
steel which formed the subject of a paper presented
by B. R. Nijhawan, P. K. Gupte, S. S. Bhatnagar,
B. K. Guha and S. S. Dhanjal (NML). The Cr-Mn-N
austenitic stainless steel developed possessed higher
tensile strength than 18/8 chromium-nickel stainless
steel in solution treated condition. Impact tough-
ness of this steel showed the characteristics of the
conventional stainless steel. Results of swift
cupping test indicated higher drawing pressure for
this steel than 18/8 stainless steel. X-ray diffraction
study revealed the stability of austenitic steel even
after cold reduction up to 30 per cent. Results
of corrosion tests showed similar resistance of this
steel to 18/8 type stainless steel. Reference to pro-
duction technique for incorporating high nitrogen
contents in the melt and subsequent processing
cycles has been made.

J. K. Mukherjee and B. R. Nijhawan (NML) pre-
sented the results of the basic study made on nature -
and structures of precipitated phases in substitute
chromium- manganese-mtrogen austenitic stainless
steel containing 18-22 per cent Cr, 12-14 per cent Mn,
0-4-0-8 per cent nitrogen and 0:05-0-3 per cent carbon,
using X-ray diffraction and spectrographic analysis
techniques. The authors stated that the austenitic
phase in the chromium-manganese-nitrogen steels
remained stable up to 30-40 per cent of cold reduey.
tion. With further cold work a b.c.c. phase, having
a lattice parameter of 2-868 A., was observed; Cr,N
and CryCq types of precipitates were observed dunng
ageing treatments depending on the carbon or
nitrogen content of the steel. The activation energy
of formation of Cr,N type of precipitate during
ageing was found to vary from 33-85 to 38:71 kcal./
g-mole. The matrix remained austenitic after pro-
longed subcritical ageing and no ferrite was detected.

Electrolytic Manganese as Ferro-alloy
Substitute

B. C. Kar and T. Banerjee (NML) discussed the
applications of electrolytic manganese as a substitute
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ferro-alloy in relation to abundant manganese ore
resources in India and the work done at NML
on the production of electrolytic manganese. The

. authors illustrated the scope of such substitution
with practical service applications with electrolytic
manganese for diverse end uses, particularly in
foreign countries, and how these can be implemented
on an industrial scale in India.

Applications of Aluminium and Its Alloys

Five papers were presented at the fourth session.
P. Jacomet (Aluminium Frangais, France) reviewed
the recent developments of aluminium conductors
for public and industrial consumption in France
and described the technical improvements to be
achieved in order to permit the introduction
of aluminium in a field occupied traditionally by
copper. Very high voltage transmission systems,
overhead distribution systems, signal and telecom-
munication cables, underground cables, busbars,
etc., are some of the latest applications of aluminium,
while research is in progress in France to introduce
aluminium strips into windings for transformers
and electrical machines in general.

The use of aluminium foil in electrical windings
was also taken up by B. N. Bose (Indian Foils Ltd,
Calcutta). The author presented the techniques
developed for insulating, winding and joining alu-
minium foils and strips and discussed their typical
uses such as in transformers, lift magnets, auto-
motive horn and generator coils.

Dharmendra Kumar and V. S. Surana (Hindustan
Aluminium Corp. Ltd, Renukoot, Mirzapur) gave
an account of the specific mechanical and physical
properties and design consideration which favour
use of aluminium and its alloys in various appli-
cations and discussed the factors for redesigning
igaluminium in place of structural steel. In another
paper trom the same organization, Dharmendra
Kumar, G. C. Jain and V. K. Agarwal discussed the
various technical and economical factors about
the new ACAR conductors which offer a remarkable
range of flexibility to meet specific design require-

~ments. In addition to being suitable substitutes

for scarce EC grade aluminium metal, the new
conductors offer many benefits for a wide range of
applications. The authors stated that there is a
very wide area of usage where the new conductor
can be utilized with advantage and also as a substi-
tute for the conventional ACSR conductors. The
technical and economic advantages envisage pro-
Lising future for this type of conductor.

Substitute Alloys as Bearing Materials

D. Scott (National Engineering Laboratory, UK)
in a paper on ‘ Substitute alloys as bearing materials ’
discussed the metallurgy of plain and rolling bearings,
their properties, uses and comparison of substitute
materials, As substitute bearing material, alu-
minium alloys offer the best combination of strength,
wear and corrosion resistance. Successful tech-
niques of bonding to steel have rapidly increased
the potential of aluminium in automotive bearing
applications. To improve the fatigue life and
reduce the incidence of premature failure of rolling
bearings, the materials should be as free as possible

from deleterious, brittle type non-metallic inclusions.
The substitution of vacuum treated steels for air
melted steels improves performance. For specific
applications substitute high speed tool steels of
lower alloy content are satisfactory but it is essential
to control the heat treatment carefully to ensure
optimum hardness, satisfactory carbide distribution
and minimum retained austenite content. Lubri-
cating surface films formed in situ on treated surfaces
by special environments may be a way of enabling
simple materials to be used as substitutes for
complex highly alloyed materials.

Substitute Special Steels

The papers which were presented and discussed
in the fifth session covered mainly the subject of
substitute special steels. U. P. Mullick (Institute
of Consulting Engineers, Calcutta) reviewed the
critical raw materials and substitutes in the light
of India’s self-sufficiency and stressed the need for
intensive prospecting and critical investigation on
alloying properties in alloy, tool and special steels.
R. Chattopadhyay, B. K. Guha, S. S. Bhatnagar
and B. R. Nijhawan (NML) presented their work
on improved mild steel for structural purposes.
The authors stated that by making use of strengthen-
ing mechanism in mild steel containing residual
alloying additions, it would be possible to use a
cheaper steel in structure needing a more highly
alloyed steel, and a significant reduction in cost
can be achieved. Also, by replacing mild steel
with this improved variety, thinner sections can
be used in structures. The investigation covered
low alloy 0-5 per cent molybdenum-boron bainitic
steels, low carbon Nb-V-N and Nb-Ti steels. It
was found that 0-5 per cent Mo-B-Nb bainitic steels
would be useful for applications needing higher
strength but its poor welding characteristics would
not make it suitable for use in structures where
welding is necessary. The Nb-V-N steels showed
both high yield strength and low impact transition
temperature, and its carbon content is maintained
below 0-1 per cent for giving good welding properties.
Further work is, however, needed to optimize the
composition and working condition. The Nb-Ti
steel has higher yield strength than Nb-V-N steels
and where higher strengths are needed at the expense
of some toughness, this steel can be used in place
of Nb-V-N steels.

D. P. Chatterjee, G. Mukherjee and M. K. Datta
(Alloy Steel Project, HSL, Durgapur) gave a study
of some carburizing and hardenable steel with and
without nickel and molybdenum for automotive
industries. A few grades of steels can be popula-
rized in India and it has been found that with
suitable heat treatment, steels with manganese,
chromium and vanadium can be used for wide
varieties of parts in the automobile industry.

High Strength Steels

J. K. Mukherjee (NML) outlined the ausforming
process and effects of composition and processing
variables on the mechanical properties of high
strength steel in relation to their potential appli-
cations. Based on electron microscopic, X-ray
diffraction and other related studies on mechanical
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and physical properties of ausformed and conven-
tionally treated steels, the author suggested that
the following mechanisms are responsible for the pro-
perties of the steels: (i) increased strain hardening
of the martensite inherited from austenite, (ii) in-
crease in the dislocation density, (iii) precipitation
of carbides in the metastable austenite, and
(iv) improved dispersion of carbides subsequent to
tempering.

As there is acute shortage of tungsten resources
in India, development of substitute low tungsten
tool steel was investigated by R. K. Dubey, A. K.
Das, P. K. Gupte and B. R. Nijhawan (NML) in
relation to optimum heat treatment cycles and
resultant physical properties vis-a-vis conventional
18/4/1 high speed tool steels. After studying the
various factors, e.g. effect of austenitizing on the
hardness, effect of quenching media, effect of single
and double tempering treatments, microstructure,
etc., the authors observed that substitute tool steels
containing 07-0-8 per cent carbon, 6 per cent
tungsten, 4-5 per cent chromium, 1-1-4 per cent
vanadium, 0-6 per cent aluminium and 0-3 per cent
titanium developed adequate tool hardness in the
quenched and double tempered conditions, compar-
able to 18/4/1 high speed steel. Low tungsten
steel containing boron, zirconium and aluminium-
titanium in combination showed adequate hardness
in the as-cast condition and these steels are being
rolled and forged for further study.

R. Choubey, B. R. Nijhawan, P. K. Gupte, B. N.
Das, S. S. Bhatnagar and K. Prasad (NML), in their
paper on the development of substitute high tem-
perature creep resistant alloys, discussed the
possibilities of using Cr-Mn-N austenitic stainless
steel as a high temperature creep resistant material
in place of conventional alloys containing nickel,
cobalt, tungsten, etc. The creep properties of
Cr-Mn-N steel (C, 0-47; Cr, 18-:0; Mn, 14-0; and N,
0-32 per cent) have been found to be strongly de-
pendent on solution temperature. Preferred range
of solution treatment temperature is 1050-1100°C.
Optimum creep properties are obtained at C/N ratio
of about 1:1. The Cr-Mn-N steel appears to be
suitable for application as engine valve operating
at temperatures around 650°C.

Conservation of Non-ferrous Metals

Six papers were presented at the sixth technical
session. A paper from Defence Research Develop-
ment Organization, Kanpur, reviewed the various
methods of conservation of non-ferrous metals by
protective treatments and substitution by alumi-
nium. Conservation of non-ferrous metals can be
achieved by prolonging their life by passivation
treatments. Tin can be passivated by a 30 sec.
dip at 80°C. in a solution containing sodium dichro-
mate (3 g.), sodium hydroxide (10 g.) and wetting
agent (2 g.) in one litre of water. Lithoform treat-
ment followed by painting with red oxide, zinc
chromate and two coats of ALG.S increased the life
of galvanized sheets in marine atmosphere by many
fold. Aluminium can be passivated by MBV
treatment. Brass cartridge cases susceptible to
dezincification have shown considerable resistance
after passivation treatment. Bright anodized
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. printing rollers are made entirely of copper.

aluminium can be substituted for nickel- and chro-
mium-plated materials. The conservation of copper,
lead and zinc powder/pigments in paint formulation
is possible by aluminium pigments, both leafing and
non-leafing type, which are manufactured in the.
country. B. R. Nijhawan and C. Sharma (NML)
examined the substitution of copper and other
scarce non-ferrous metals and pointed out the need
of popularizing aluminium and its alloys as substi-
tutes. The authors stressed the need for long-range
research on the subject. They suggested that the
cost of aluminium should be brought down in line
with the world prices and the specifications for
application of aluminium and its alloys in place
of brass, copper, etc., should be revised.

Aluminizing of Steel

‘Substitution of galvanizing by aluminizing of
steel was dealt with by S. M. Arora, A. N. Kapoor,
P. K. Gupte and B. R. Nijhawan (NML). Based
on the pilot plant trials carried out at NML, the
techniques of aluminizing developed at NML were
found to be extremely suitable for substituting gal-
vanized products. Iield trials carried out on
aluminized and galvanized wire have established the
superiority of aluminizing over galvanizing. Tele-
graph and telephone wire, ACSR core wire, high
tension transmission tower members and other
hardwares have been successfully aluminized at
the pilot plant of NML and optimum conditions to
achieve desired results have been worked out.
Based on the work carried out at NML, aluminizing
has been accepted by Government of India as a
substitute for galvanizing.

Use of Clad and Composite Metal

In a paper entitled ‘ Economic uses and substi-
tution of non-ferrous metals and alloys’, B. N. Dag
(NML) advocated the use of clad and composite
metal in place of the individual metal. Cladding
is done by bonding two or more metals to impart
to the composite most useful property of each metal.
The technique of cladding stainless steel to mild
steel has been developed at NML and it can be used,
in chemical industries where heavy vessels made
entirely of stainless steel are utilized. Similarly,
the author suggested use of steel rollers cladded
with copper for textile printing purpose where the
Spring
material made of copper and suitable grade of steel
can substitute phosphor-bronze or copper-beryllium
spring. The author also drew the attention of the,.
work carried out in the USSR where bearings made
of pressed wood are in use for a large number of
applications in place of metal bearings and de-
scribed the metal economy that can be effected in
domestic application by using plastic and ceramic
wares.

Aluminium Base Bearing Alloys

The scope of aluminium base bearing alloys was
discussed by B. N. Das and S. K. Banerjee (NML).
The results obtained so far indicated that use of anti-
mony and lead in small percentages in substitute
aluminium base alloys offer potential scope as plain
bearing alloys. The question of substitute bearing
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alloys was also examined by N. J. Wadia and A. S.
Prasad (Tata Iron & Steel Co. Ltd, Jamshedpur).
The results of a study on substitute bearing alloys
of Alzen type (containing Al-Zn-Cu) and some zinc
-and aluminium base alloys were presented. Hard-
ness, tensile strength, impact strength and age-
hardening characteristics of these alloys have been
compared with those of conventional alloys.

Selenium and Tellurium in Ferrous
Materials

In the last technical session four papers were
presented. R. H. Aborn (American Smelting &
Refining Co., USA) discussed the beneficial effects
obtained by introducing selenium and tellurium
to ferrous materials. Addition of selenium and
tellurium to cast iron results in getting a hard, wear
resistant surface and maintains a tough underlying
body to meet severe operating conditions.

Revised Indian Standards

H. P. Ghose and B. S. Krishnamachar (Indian
Standards Institution) explained the efforts made by
their Institution in bringing about variety reduction
and in issuing emergency standards and amendments.
The IS Specification No. 1570-1961 has brought
down the variety of steels from approximately 1000
types to 140 types for general engineering purposes.
More rationalization of alloy and special steels is
under way and it is expected that it will be possible
to further reduce the variety of steels to about 50
only. The various Technical Committees of ISI
are also reviewing the standards relating to substi-
tution of non-ferrous and scarce metals and alloys
wherever possible.

Physical Metallurgy of Substitute Alloys

~The physical metallurgy of substitute alloys was
discussed by Rajendra Kumar and Ved Prakash
(NML). The study relates to (i) phase transfor-
mation including reaction kinetics, (ii) structural
features such as their distribution and influence
of vacancies and stacking faults, (iii) volume change,
~(iv) nature of carbides and carbide transforma-
tions in alloy steels, (v) precipitation hardening

including coherency of precipitates and (vi) plastic
deformation.

Theoretical Basis of Metal Substitution

The last paper dealt with theoretical considerations
in the substitutions of some common elements in
alloy steels. P. Tewari, S. S. Bhatnagar and B. R.
Nijhawan (NML) reviewed the theoretical basis
of metal substitution in relation to limitations in
practice on applied desiderata of potential substitute
alloys. The need for carrying out scientific studies
on the subject prior to large-scale studies was
emphasized.

Conclusion

Many of the overseas scientists and delegates
expressed the view that the symposium was
extremely .useful and the subjects discussed were
of great interest. Mr Jacomet, Chief Engineer,
Aluminium Frangais, observed that exchange of
technical information with France should be intensi-
fied and that such an exchange would be of mutual
benefit to India and France. He complimented
Dr B. R. Nijhawan and his colleagues for the good
work done in the various branches of metallurgy
and particularly in the field of substitute alloys.
Mr M. J. Smith, Director, International Copper
Development Council, said that he was greatly
impressed with the research and development work
under way at NML. The development work on
substitute alloys, particularly the work done on
aluminium alloy bearings, Mr Smith said, should
not only be of importance to India but also to other
countries where a constant search is being made
for developing new alloys. Lt W. F. Stuhrke, Air
Force Materials Laboratory, Ohio, USA, shared
the sentiments expressed by the delegates from UK
and France, and observed that substitution problems
in USA are engaging the attention of the materials
engineers. Referring to the problems investigated
by NML, Lt Stuhrke said that the results achieved
by the laboratory are praiseworthy, and in parti-
cular he considered the development work done
on nickel-free stainless steel as one of international
importance.
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Emerging Emulsions*

R. E. STAUFFER & E. A. MAcWILLIAM
Emulsion Research Division, Kodak Research Laboratories, Rochester, New York

recognized as a powerful tool of the scientist

and technologist. The photographic industry
has moved at an ever-accelerating pace to apply
the results of research to a bewildering array of
products.

Although numerous photographic systems are
known, the most versatile is based on the photo-
sensitivity of silver salts, particularly the salts of
chlorine, bromine and iodine. These sensitive salts
are suspended in a colloidal matrix, and the mix-
ture, called an ‘emulsion’, today is supplied in
sheets or rolls on film or paper, on glass, as a liquid,
or as unsupported thick layers known as ‘ pellicles ’.

Photographic ~ materials record information
received as bits or packets of electromagnetic radia-
tion or as high energy particles. The emulsion can
integrate successive packets of enmergy, which may
arrive in increments below the threshold sensitivity
of the material. This integration may require long
exposures, e.g. in astrophotography.

FROM its beginning, photography has been

Trends in New Materials

Information may be recorded by the eumulsion
as the traditional picture produced by a simple
camera or as the result of combination with some
other optical device such as a telescope or microscope.
Or the image may be a shadowgram produced by a
human being, metal casting, or other object inter-
posed in a beam of penetrating X-rays. Information
may be stored on films or papers by coding it as alpha-
numeric, digital, or other characters. After the
film or paper has been processed, the images may be
in black-and-white or in two or three colours.

Four trends in new materials are evident : (i) a
steady increase in the sensitivity or speed of films
and plates; (ii) an increase in the number of mate-
rials available for photography in colour; (iii) the
rapid trend toward simplifying production of the
finished photograph by the user; and (iv) introduction
of many new photographic processes based on the
chemistry and physics of new photosensitive systems,
especially for document copying and graphic arts.

Advances in Sensitivity

Black-and-white films have increased in speed,
on the average, about twofold every 10 years from
1850 to the present. At the same time, advances
in sensitivity have been used to produce films with
low speed but extremely fine grain, good sharpness,
and resolving power beyond the capabilities of present
optics.

On the other end of the scale, new developments
have made possible ultrasensitive films capable of
recording, with a fractional second exposure, scenes
lighted with only four foot-candles of illumination.

*Published by kind courtesy of the Eastman Kodak
Company, Rochester, New York, USA.
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By combining high speed films with an image-
intensifier tube, motion pictures of moonlit scenes
have been produced which show recognizable details
invisible to the unaided eye.

In astronomical photography, where exposures
extend from minutes to many hours, an increase in
sensitivity may either reduce the time required to
make a picture or increase the information content
of the picture. Two new Kodak special plates,
types 080-01 and 087-01, accomplish these goals.
The first, useful on any telescope, approximately
halves the time required to get a picture compared
to that with previously available plates. The
second, when used on instruments with apertures
of f/6 or faster, e.g. high aperture Schmidt telescopes,
more than doubles the number of detectable stellar
objects.

Another trend has been the extension of the
sensitivity of silver halide emulsions by dye sensi-
tizing throughout the visible spectrum and beyond
into the infrared. The limit of sensitivity is now a
little over 1300 my.

Radiation Effects

Beyond the violet end of the visible spectrum,
silver halides are inherently sensitive to ultraviolet
and shorter wavelength X-rays and Y-rays. In
fact, ultraviolet radiation was discovered in 1801
by Ritter and almost simultaneously by Wollaston
through the effect of such radiation on silver chlo-
ride. In 1895 Roentgen showed that the invisikle
radiation produced in a Crookes tube, which caused *
fluorescence in some substances, also affected the
photographic plate.

With the rapid development of nuclear physics,
special plates were introduced which featured rela-
tively fine and uniform grains, high concentrations
of silver halide, and increased total thickness of
emulsion. Because of the high track WVisibility
achieved, precision measurements of mass-energy
relationships from track data are possible (Fig. 1).

_ The plates also have the ability to record extremely

high energy particles, such as cosmic rays from out-
side the earth’s atmosphere and particles accelerated
in cyclotrons and bevatrons.

Pellicle Emulsions

Besides these special plates for nuclear studies,
unsupported layers of emulsions called pellicles
have been devised for recording nuclear events
caused by cosmic rays. Pellicles range in thickness
from 50 to 1200 y and are often used in blocks many
centimetres thick. After exposure to cosmic rays
or other types of radiation, the pellicles making up
the block are stripped apart, processed, then ex-
amined under the microscope, and the tracks of the
cosmic particles followed from one pellicle to.another.
There is an increasing tendency to use bubble
chambers in place of pellicle blocks to trace the *
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Tig. 1 — Nuclear collision observed in Kodak N'TB-3 emulsion,

exposed at 93,000 ft altitude and 30° geomagnetic latitude

[Calcium nucleus with 100 BeV. energy collides with a silver

or bromine nucleus of the photographic emulsion.  Explosion

emits 42 charged particles, one of which creates a second
explosion]

“paths of the particles involved in nuclear cvents.
Light reflected from these bubble tracks is recorded
on suitable photographic films for subscquent
analysis.

One region of short wavelength radiation is very
trongly absorbed both by air and by the gelatin
used in photographic emulsions.  This region, called
the * vacuum ultraviolet ’, could not be recorded on
photographic films until Schumann showed in 1893
that if silver halide emulsions were prepared free of
gelatin, they could be used to record rays of this
wavelength.  Special films and plates such as
Kodak SWR Plate, Kodak-Path¢ SC-7 Film (ultra-
wiolet sensitive), and special solar recording film
type SO 375, are being employed in research on
solar radiation and the composition of the outer
atmosphere (Fig. 2).

Emulsions with high sensitivity to the emissions
from radioactive tracer elements are used in studies
of vital processes. Thin tissue sections or other
microscopic samples are overcoated with photo-
graphic emulsion cither by stripping a precoated
layer of emulsion over the sample or by flowing on
liquid emulsion. After appropriate exposure and
processing the distibution of the radioactive tracer
elements can be specified within a few microns and
photographed against the background of the actual
tissue.

Fig. 2~ Photograph of sunspots taken at

Peak Observatory, New Mexico, USA, on new

special solar recording  film, type SO 375 than

1/10,000th of the sun’s visible light reached the film, as

a filter excluded all but a 1/2-angstrom-wide band in the

red spectrum. The photo was taken in February 1966,
during relatively minimal sunspot activity|

Photographic films are used to record images
transmitted by radio and displayed on a cathode
ray tube (CRT). In this way, spectacular ‘ photo-
graphs’ of the Moon and Mars were made at close
range. In the latter case, a memory device in the
United States” Mariner-4 probe recorded the pictures
and relaved them to earth twice during the succeed-
ing 19 days over the 140,000,000 miles intervening
between the planets. One of these spectacular
photographs is reproduced (Fig. 3).

Similar reconstructed photographs obtained from
earth-circling satellites of the Nimbus and Tiros
series have provided meteorological and geophysical
data of great value. These pictures are obtained
with both visible and infrared light.

These CRT images are produced by photographing
the light emitted by a phosphor which is excited by
the electron beam in the tube. A substantial im-
provement in the quality of such reconstructed
pictures can be achieved by producing the photo-
graphic image inside the CRT by direct impact of
the electron beam on the film. Experimental
direct electron-recording films which must meet
many requirements not normally imposed on a
photographic film are under development by the
Eastman Kodak Company.

Image intensifiers which convert an X-ray image
to an electrically amplified picture on a CRT are be-
coming more widely used in medicine. They allow
immediate monitoring of internal processes, without
the delay inherent in photographic processes. Once
again, photography is used to record the CRT image
for later study.

An important trend in modern films has been the
introduction of emulsions on polyester type supports,
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Fig. 3 — Photograph of the surface of the planet Mars taken by Mariner-4 in July 1965 [The photograph was taken at a

distance of 7800 miles and shows an area 170 miles by 150 miles.
A 75-mile wide crater enclosing smaller craters is seén dimly.

Sirenum and Mare Cimmerium —is known as Atlantis.

The light area between the two dark areas — Mize

At the time the picture was taken, Mariner-4 had been in flight for 228 days and was 130,000,000 miles from the earth.
The Mariner-4 picture was radioed back to earth in the form of digital data, which was recorded initially on magnetic tape.
Then, from the tape, the picture was projected on a cathode ray tube, and the image was photographed on Recordak Special
Dacomatic Film. ~This is a Kodak film designed especially for the recording of computer data that are projected on cathode

ray tubes for rapid read-out.

such as Cronar and Estar, which hold their size
through humidity variations much better than
conventional cellulose acetate-supported films. These
films, although introduced for use in the graphic arts,
are finding acceptance in many other areas as
well.

Use of Paper Support

Not all the innovations have been in film. Many
new products have been introduced with paper
supports, some of which are especially designed for
recording data from oscillographs and CRT’s. The
chief features of these new products are increased
sensitivity and simplified processing. This is exem-
plified by high speed recording papers of the * direct
print ’ types which provide visible records from high
speed multichannel oscillographs.

The writing speeds reached by these papers are
as high as 100,000 in./sec., and the record is brought
to full legibility by a subsequent dry photo-
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When the above photograph is viewed with the data block at the left, North is at the top]

development step accomplished in a few seconds by
passing the exposed record under a bank of photo-
developing lamps at a level of about 1000 foot-
candles of illumination, or more slowly bv post-
exposure at lower levels of illumination.

Minimum Processing

Another approach to films or papers that yield
images with minimum processing has been to utilize
the chemical development step, but to incorporate
some or all of the process components in the sensitive
materials.

An extreme example is a special Kodak paper
which contains all the components for development
and is processed after exposure by passing the paper
through a hot chamber or over a hot platen at a
temperature of 240-300°F.

Again the record is not permanent, but can be
made permanent, if desired, by a suitable series of
fixing-washing-drying steps after the records have
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received their first examination. A paper of this
type was used in connection with the telemetry of
the Mariner-2 Venus probe.
Besides dry photographic papers of the types de-
stribed, a number of so-called self-developing papers
Ims have been introduced in recent years.
These “materials are developed and stabilized by
simplified wet processes. Many are designed to work
with simplified processing equipment. Examples
include Kodak Gravure Resist Contact Film, a
silver-salt-sensitized film for preparing the * stencils’
used to control the etching of gravure printing
cylinders, and a new paper for rapid prepara-
tion of prints from microfilm negatives using
Documat, Duostat, Fotorite, and Polymicro
equipment.

Simplified Mechanism

Another approach to simplifying the photographic
process depends on the solvent-transfer or diffusion-
transfer mechanism in which a single processing solu-
tion is applied to the exposed negative material,
which is then brought into face-to-face contact with
a receiving sheet.

During development of the negative image, the
remaining positive silver halide image is dissolved
by complexing agents for silver ion, such as thio-
sulphate ion, present in the processing solution, and
then is transported by diffusion to the receiver,
where it is reduced ¢n sifu to a positive silver image.
The process, thus, is a developer-stabilizer system
yielding a direct positive.

Among the variety of Polaroid Corporation mate-
rials utilizing this principle are high and medium
speed sheet and roll films for continous-tone photo-
graphy, materials for preparing projection trans-
parencies, for lantern slides, and similar uses. A
neerer film has been introduced which provides a
positive print and a negative on film which can be
handled and utilized as a normal film negative. A
high speed, high contrast film, called Polaroid Pola-
Scope, type 410 Land Film, is designed to record
low-light-level sources, such as short duration
sathode ray oscilloscope traces.

A modification of this procedure has a special
receiving material, Kodak Bimat Transfer Film,
type 21A, which, while not obviously wet, contains
a solution of all the chemicals necessary to develop
and fix the negative. Using this Kodak Bimat
Film, a camera film can be processed to a reasonably
stable negative with a minimum of apparatus and
inconvenience by simply rolling the Bimat Film in
tight contact with the film. This is especially
useful in aerial photography where immediate
access to photographs is necessary but where liquids
are inconvenient and there is no room for bulky
apparatus. With certain films a usable positive
transparency may also be recovered in the Bimat
receiver.

Transfer Advantages

The diffusion-transfer process is employed to
produce photocopies on simple office equipment.
In this process, the negative is immersed in a single
solution and the negative sheet and receiver then are
squeezed into intimate contact and held there for

about a minute before the damp positive copy is
stripped away.

The advantages of transfer processes of producing
images from silver-halide-sensitized papers and films
have been utilized widely in the rapidly growing
documentation field. In one system, exemplified
by the Verifax copy process, development hardens
the gelatin of the negative image and the remaining
untanned positive gelatin image is transferred to a
receiver where it forms a black image.

Electrostatic Charging

Electrostatic systems depend on light-sensitive
semiconductors such as selenium or zinc oxide which
are sensitized by electrostatic charging. On ex-
posure to light, the semiconductor forms a latent
image in the form of an electrostatic charge pattern
on the sensitized surface. The image is developed
by dusting a powdered pigment over the surface.

‘In the case of the selenium surface, the pigmented
image is transferred from the semiconductor to a
sheet of paper to produce the copy. The selenium
surface then can be cleaned, resensitized by charging,
and reused. This system has been developed and
utilized by the Xerox Corporation in a series of
document-reproducing devices.

Electroconductography also depends on light-
sensitive semiconductors, but electrolytic conduction
is used to produce an image by depositing a metal,
such as silver from ionic solution, in the conduction
image areas. This process is available for preparing
prints from microfilm negatives under the name
3M Photocon.

The magnetic recording of visual images on tape,
although not strictly a photographic process, is
becoming increasingly important in television work
as well as in medical radiography. Its advantage
is, of course, its immediate accessibility and the
fact that no wet processing is required. The image
is viewed when necessary by presenting it on a CRT
from which it may be recorded on photographic film
as described previously.

Images by Heat

Thermography, as the name implies, is the process
of producing images by heat. In this case, the
document is placed in close contact with a sensitized
sheet containing chemical reactants which are kept
apart until the temperature exceeds a critical value.
At this point the chemical components react to pro-
duce a dye or pigment and hence a duplicate of the
original image. This simple process offers several
advantages. ) .

Thermography has the advantage, like silver-
halide-sensitized, direct print materials, of being a
truly dry, simple process. Unlike silver halide,
it is virtually insensitive to the visible spectrum,
and is inherently of very low photosensitivity even
in the infrared region.

Photochemical reactions in organic substances,
which make them less soluble in a solvent, allow
the photographic preparation of masks resistant to
metal-etching solutions. As a result, chemical
agents are being used to an increasing degree to dis-
solve unwanted material from metal parts in place of
grinding, machining, or other mechanical processes
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to shape material. Because of the high resolution
of photographic emulsions, thin metal coatings may
be etched to provide lines (* wires ') only 1/10,000th
of an inch wide between proportionately small tran-
sistors, resistors, and other elements of microelec-
tronic circuits.

Colour Photography

Modern colour photography dates from the intro-
duction of Kodachrome film in 1935. Prior to that
time, colour photography required complex appa-
ratus and cumbersome techniques to produce pictures,
and the processes were not suited to widespread
application.

Today, numerous colour photographic materials
are produced on film and paper supports. Colour
films and prints are being used in photomicrography,
medicine, surgery, biology, and every branch of
science. Even the science of astronomy, which has
relied most heavily on monochrome photography, has
turned to the use of colour photographic materials.

In keeping with the trend to simplify monochrome
photography for the user, manufacturers have
improved colour photographic materials to permit
the customer to manipulate the processing where
desired, and at the same time have markedly im-
proved speed, colour quality, and image permanence.
The Polaroid Corporation, for example, with its
PolaColour Film, provides the amateur with a means
of obtaining a colour print within two minutes of the
time of exposure.

Aerial photographs in natural colours or in false
colours, in which infrared light is recorded as a red

image on a displaced colour scale, are increasing in
use. Besides the normal use of such photographs
for mapping, for road planning, and for taxation
surveys, plant pathologists are able to distinguish
from acrial views the type of trees or crops and even
to distinguish whether they are diseased or he-!luy
(Fig. 4). Geologists can more accurately iuentify
geophysical features and archaeologists can distin-
guish man-modified areas from the natural back-
ground.

Special materials for applications outside the
field of natural-colour recording have begun to
appear.  One of these is a two-colour photographic
material called Kodak Linagraph 705 Paper. The
paper was developed to fulfil special needs in seismo-
graphic exploration.

Other Advances

Although this article deals primarily with light-
sensitive emulsions, advances in photographic tech-
nology have not been limited to emulsions. Recent
years have seen rapid evolution of more convenient
processes for developing and stabilizing the image,
and development of sophisticated equipment to
utilize the processes

Because of the extreme spatial resolutions that
can be recorded on photographic plates, which is at
least 10° yes-or-no signals per square inch, the
plates will certainly find widespread use in the data-
recording and information-sorting systems of the
future. The combination of the intense coherent
light of lasers with these high resolution plates may
make possible holograms which can be used in

Fig. 4 — Au application of aerial photography in archacology [Crop markings, showing ancient British and Roman sites]
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character-recognition systems approaching the effec-
tiveness of the human brain.

More and more sensitive materials, faster and
simpler processing, and new ways of recording
clectronic radiation — these appear to be the direc-

: "\in which photography is moving.

It is not possible in this brief article to discuss the
myriad applications of the materials and systems
dealt with, but applications are expanding at such
a rate that the newest innovations in photographic
technology become part of the researchers’ equipment
almost before they are out of the developmental stage.

Recent Developments in the Kinetics of Exchange Reactions

S. V. ANANTAKRISHNAN
Department of Chemistry, Madras Christian College, Tambaram, Madras 59

HERE have been a number of excellent
reviews on isotope effects® which have
sections on the subject under survey. The

present revicw is confined to only the work in the
last few years.

General and Theoretical

Theoretical aspects of isotope exchange have not
received as much attention as one might expect,
but there are a few that call for attention. Even
though it is not directly linked up with isotope
exchange, Eyring’s treatment® of departures from
equilibrium kinetics is a suggestive contribution.
Condensation, association and atom recombination
are processes involved in the study which are quite
relevant. The macroscopically simple reaction
H.—>H-+H is found to be suitable for treatment

~by multiple barrier kinetics. The rate equation is
represented by

N N+1
ACufdt = Y knCi— Y by, Cartdoafdt
i=0 =0

‘The second term takes into account an adsorbing
barrier while the remaining terms deal with trans-
port and may be put down in the form

N
dC,ldt =— > A, Ci+dp,[dt
2
where
N1

Ay, =—hy, + (Z /\‘ji)Sn,» and k; =0

7- 0

The equation is solved assuming that transition
probabilities £ are independent of time and concen-
tration and the matrix has positive eigenvalues
and also contain only the nearest neighbour transi-
tion probabilities. The solution of the transport
equation treats C(t) and g,(f) as linear combinations
of eigenvectors of the matrix 4 and applies an
orthogonality relation to these vectors. A rate of
passage over the highest barrier is got as a function
of the rate constant for equilibrium kinetics. The
results obtained compare very well with the earlier
work of Eyring and his collaborators.

-
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An aspect of the transition state is the possibi-
lity of metastable transitions and this is particularly
noticeable in mass spectral studies of isotope effects.
Applying quasi-equilibrium theory, Vestal’ obtains
for the rate of unimolecular reactions

R(E) = 1/A[W*(E—eq)[o(E)]

where E is the internal encrgy of the decomposing
molecule ion; p(E), the density of states for normal
configuration; and e,, the activation energy of the
reaction. W*(E—eg) = number of states of acti-
vated complex configuration with non-fixed energy
less than or equal to (E—e,). This leads to a
kmin. = 1/hp(e,). Metastable transitions are possible
only if quantity is less than the maximum rate of
production of the metastable state. Vestal makes
the interesting observation that the minimum rate
for CHD} is twice that for CDj.

An isotopic exchange can be generally represented
in the form

aA,+bB, = ad,+bB,

Rees ¢t al.® obtained the equilibrium constant of
such a system in terms of partition functions,
assuming only harmonic vibrations of molecules.
They found that the constant can be put in the
form®

Ko = (Q4./04)/(@5/0)

where

Q)01 = %@i—]’s (s3] ) (EP—“-H/ZX l—exp—uu)

exp—uy;/2/\ 1—exp—uy;

This may be compared with Bigelcisen’s equation®
3n—6

n—6
Uy;
In 0,/0, = In -~ 8; coth x;

as well as the simpler Urey expression’®

. nj(1—n)
* = N(i=N)

where o is the separation factor and #» and N
represent the number of molecules of the heavier
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isotope in solution and in the gas phase. An
application of the equation to *C isotope enrich-
ment using the reaction

C0,+-H,0 = H,CO;3 = CO,+H,0

showed that this slow reaction catalysed by carbonic
anhydrase involves three equilibria

ISCOQ(gas) = uCOz(aq)
13C0g(gas) = H™2CO3a)
13COs(gas) = 1*COffaq)

Added metal ions, pH and temperature, all play
important roles in the process.

Reference may be made here to Kreevoy's
interesting observation on deuterium isotope effects
that deuterons tend to accumulate in those posi-
tions where they are mostly confined by energy
barrier.

In the study of isotopic separation, it is useful
to evaluate the Morse potential. In a discussion on
the chromatographic separation of isotopic and
nuclear spin species, White'? using the partition
functions with the states/ =0, 1,2 and m = [, [—1
indicates how by an iterative procedure the constants
of the Morse potential could be determined.

Examining the problem of potential energy sur-
faces, Johnston and coworkrs!® found that a proper
picture of a well with symmetrical saddle points in
hydrogen-deuterium isotope effects can be given
only by a potential energy function using tunnel
correction.

On the other hand, Melander* ignores the tunnel-
ling effect and derives the functions for potential
and kinetic energy with the curve of reaction co-
ordinate postulated for the exchange reaction.
Melander’s study includes a bold treatment consider-
ing each hydrogen as an independent three-dimen-
sional oscillator. A remarkably close agreement
between theory and experiment is noticed. A novel
approach by Klots and Benson!® on the use of the
cell theory of liquids which is justified in aqueous
solutions leads to an understanding of the isotope
effects in the solution of oxygen and nitrogen in
water, the heavier species being more soluble in
both cases.

Exchange Reactions Involving Hydrogen
The isotopes of hydrogen continue to hold

considerable interest in exchange reaction studies. -

In the hydrogen ion-molecule reaction involving
the isotopic species, intramolecular isotope -effect
with a complex X* intermediate appears plausible?®.
The following reactions are envisaged to account
for the kinetics:

H}+H, —> Hj+H

D;+D, —>Di+D

HD*+HD — H,D*+D or HD;+H

H;=D, —> HD;+H

HD*+H, — H,D*+H

HD*+D, — D,H*+D
An important aspect of isotope fractionation

that continues to interest workers is the exchange
between water and hydrogen ions or hydroxyl
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ions. The use of various physical properties and
the overall equilibrium

2D,0"+3H,0 = 2H,0"+3D,0

as well as Bigeleisen’s rule of geometric mean!’
enabled Heinzinger and Weston'® to evaluate —af&
equilibrium constant K in the reaction

H,0-+ODH} = HDO+OH;}

These authors'® also found that for the purpose of
isotopic fractionation water molecules are weakly
bonded to OH. An aspect of this exchange re-
action of some interest is the one on adsorption
columns. A surface study of the OH groups of
aluminium hydroxide using infrared showed three
different types®. The high frequency band at
3785 cm.”! showed 30 per cent exchange in 10 min.,
while the other bands at 3740 and 3710 cm.”!
showed less than 9 per cent exchange in the same
period. It has also been noticed that the logarith-
mic rate law was similar to chemisorption and the
inclusion of even 0:6 per cent Pt considerably
increased exchange rate. Exchange catalysis by
carbon has led to differing views®::22, Presumably,
the real catalyst is an adsorbed metal cation where
there is catalysis of exchange.

Exchange reactions in protophilic solvents other
than hydrogen have received considerable atten-
tion especially in the USSR?. The high proton
affinity of NH; has been used not only in measuring
the relative acidity of hydrogen atoms in hydro-
carbons but also in studying the exchange rate in
liquid ammonia. The Russian workers observe
that compared to exchange reactions in ethanol,
the reactions in liquid ammonia were very much
faster (10* to 10® times). Potassium amide is an
effective catalyst for the exchange reaction in
liquid ammonia and similarly the alkoxide ion i
found to have a similar effect on exchange reaction
in ethanol. The remarkable difference in the rates
reported in ethanol requires verification. The im-
portance of the dielectric constant of the solvent is
shown in a comparison with several amines as the
exchange medium. Another aspect which requires
confirmation is the reported salt effect on exchange
rates which seem to parallel ammonolysis rates.

Exchange reactions in liquid ammonia appear
to be a function of NH; concentration and a recent
study®* indicates that the overall rate constant is
given thus

k= ky NH;-+k, NH; K*

The reaction appears to involve the following steps:
(i) Formation of a complex:

NH:+HD = [NH;, HD]
(ii) Dissociation of the complex:
—>NH,D+H"
[NH;, HD] —
—>NH,+D-

(iii) Rapid regeneration of amide

.

The rate constants are found to conform respec-,
tively to the equations log %, = 4-910—2000/7 and
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log %k, = 6-616—2000/T and the activation energy
is about 9:0 kcal.

Exchange Reactions Involving Carbon,
Nigrogen, Oxygen and Bromine

“SwLlicre has been a spate of work on the exchange
reactiins of carbon, nitrogen, oxygen and the
halogens. Decarboxylation reactions find a segrega-
tion of isotopes. Zielinski® has found Bigeleisen’s
approach unsatisfactory with quinaldic acid and
obtains a ratio Auc/kuc lower than those of di-
carboxylic acids. Yankwich and Zavitsanos®® re-
ported isotope effects in the pyrolytic decomposi-
tion of zinc oxalate. It is noticed that the intra-
molecular isotope effect falls off from 0:79 to 0-36
per cent between 282° and 500°C. Using the
Wilson-Johnston method?? in calculation they ex-
amined the reactions below:

2C00° ,
| —5 1200,+-12CO
2CO0~
ks

1BCOO™ L% 1C0,+12C0
|
12000° % 12€0,+1C0O

and found

ke (Xah R

ky (X)) 2k (Xa)y' Zhs (X,

%y ky %o

There appears to be an initial acceleration followed
by a decay period in the reaction.

The use of strongly basic Dowex-2 resin as ion
exchanger leads to "C enrichment in the ternary
system CH,00-HCOOH-HCl, and with multiple
column operation an enrichment factor of 2
could be reached®. In the reaction
—=iP*CO0H+H"CO0™ = H4COOH +H'2C00-
the enthalpy change is reported to be —4-3 cal.
mole while the entropy change is —6-3x10-% cal.
mole”! deg.”! at 25°C.

Chemical reactions figure prominently in the
uitrogen-oxygen isotope exchange?®-3!, Scrambling
among the oxides of nitrogen is so rapid that no
distinction is possible between O**NNO,, O'’N“NO,
and O“BNBNO, and similar situation is noticed
with isotopic oxygen too. However, the equilibrium
constant is greater for nitrogen exchange than for
oxygen exchange. Using a mass spectrometer, and
nitrogen monoxide with nitrogen dioxide as cata-
lyst the exchange rate is given by

N*O NO* 1

N*01NOF 1 0/
with the rate being proportional to NO, concen-
tration though the rate constant remains nearly
at 2-16x10-7. The temperature coefficient of the
reaction gives values for the Arrhenius activation
energy of 100 kcal. and log 4 =106 sec.?
which compares with the dissociation of dinitrogen
tetroxide. Taylor’s observations?® though more ex-
tensive are inadequate for suggesting any mechanism
for the reaction. Both nitric acid (10M) and
liquid dinitrogen trioxide exchange with nitric
oxide, the liquid phase concentrating the heavier

TABLE 1 — CaTALYTIC ISOTOPE EXCHANGE

Catalyst E 4
kcal,  litre mole! sec.™?
Ru(III) chloride in 4M HCI 23-8+0-5 5x10%
Co(II) cyanide in 0-5M KCN 7:0+1-0 1x102
NaOH in water 24:0+2:0 8 x 10!
KNH, in NH, 10 ~6x 101
It on charcoal in water 58 =3

nitrogen isotope. The reaction in N,O; is also
faster. Oxygen exchange is more noticeable with
more dilute nitric acid where the reaction may be

‘represented by

6M HNO,
- N10+H,"*0piq) === N*O+H,"*Oqq,
though the mechanism is quite complicated. The
heavier oxygen isotope is concentrated better using
carbon dioxide in the presence of a variety of cata-
lysts, with half times for exchange ranging from
1-25 to 135 sec.

An important development in isotope exchange
between hydrogen and water is the use of homo-
geneous catalysis®?. Table 1 gives some interesting
features.

The last one is clearly an exchange with chemi-
sorbed hydrogen while the first two involve the
complexes of the transition elements. The observa-
tions with Ru(III) are similar to the ones reported
by Halpern3 with Fe(III). A factor still to be
explained is the increase in exchange rate with added
salt. In the base catalysed exchange reaction there
are indications of an intermediate complex (HDOH)~
in the exchange process. The kinetics of the bro-
mine-hydrogen reaction with isotopic hydrogen®
follows the well-known path with exchange rate
governed by the reactions

k

Br+H, —» HBr+H
k"’m

Br+HD % HBr+D

k
Br+HD -2 DBr+H
and the rate given by

ky In [Hy] [Hyly = log (1—f)
kso + ke  In[HD/HD], log (e/po)(1—/)

The reactions with chlorine and iodine show little
difference in the exchange rates. Theoretical
calculations have been made using both Bigeleisen’s
theory and others, but agreement with experiment
was little better than 40-80 per cent.

Exchange Reactions Involving Complex
Metal Ions

Exchange reactions involving complex species
are on the increase. Using %°Sb as tracer, the
hydrogen chloride catalysed exchange between
Sb(IIT) and Sb(V) in carbon tetrachloride gives a
complex rate law®. Oxygen exchange in the bis-
oxalato platinate(II) ion and the free oxalate
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show a rate dependence on hydrogen ions® of the
type
R = 4ky[H*)[H,C,0,] + ky[H*][HC,04]
and
R = 8[k,(H") + ky(OH)J[Pt(C,0,);%

Above pH 55, the acid catalysed path is dominant.

The use of labelled oxygen atoms brings up the
question of steric problems in the hydration of ions.
While Nifq+ and Fe§; exchange in less than 0-05 sec.,
AB* has an exchange half-life greater than 0-05 sec.
By the use of flow techniques, Taube® has been
able to show that in all these fractionation takes
place in the first coordination sphere of the cations.

It is interesting to find® that oxygen in CrOf
is labile and oxygen exchange is first order with
respect to CrOj; in alkaline solutions but becomes
second order with respect to Cr(VI) below pH 7-2.
Oxygen exchange in PuO3', however, appears to
be quite complex®. In the absence of chlorine or
other scavengers, the reaction is autocatalytic.
The results of Rabidean and Masters® also show an
extraordinary extrapolation of a linear plot to
obtain the time for half reaction, while the data
given go to less than 10 per cent exchange in a
study of the effect of added Pu(III). PuO; cata-
lyses the change while Pu(IV) shows no exchange
in 30 hr. Fluoride ion catalysis is pronounced.
Further work is necessary before the actual mecha-
nism of the process can be understood.

Unlike CrOj, the permanganate ion shows an
inverse deuterium isotope effect in alkaline solu-
tion®®. The suggested mechanism is

MnO;+OH™ - MnO} --.OH
OH +.0H —.0"+H,0

but the information available cannot be considered
adequate for establishing the course of the reaction.
Exchange reactions involving the transition metals
are largely those of either ligand exchange or
central atom exchange. In spite of the large
amount of work, the position cannot be said to be
very clear. With silver, isotopic exchange is said
to be rapid and a single step reaction®'. Similarly,
the rates of zinc tracer exchange with zinc com-
pounds is too rapid to measure!>. A number of

other transition element compounds with organic -

radicals, however, have measurable exchange rates
and in quite a few cases mechanisms can be
proposed*3,

An instance of isotope exchange under non-
aqueous conditions is provided by the study of
Fe(II)-Fe(III) system in dimethyl sulphoxide®. A
first order dependence on the total iron in each
valence state, AH = 9-04-0-6 kcal./mole and AS,
—20+2 e.u. are the features of the exchange re-
action. An interesting feature of the reaction is
that while the rate constant is independent of
perchloric acid concentrations above 7x10-¢M,
in its absence the exchange rate is immeasurably
fast even at the extremely low concentration of
5x10-°M.

In dealing with isotopic fractionation in electron
transfer process one has often to consider non-
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bridging ligands. The electron transfer reaction
Cr(II)-Co(III) using various ammine complexes of
the latter showed little rearrangement or difference
in isotope fractionation?s.

The labile nature of the carbonyl group, at least
for exchange purposes, has been shown by mniczr
tetracarbonyl*® for both carbon and oxygea ex-
change with the former having a larger temperature
coefficient (Table 2).

ky

Ni(1%0),-4 CO <= Ni(1*C0),(1*C0) 412CO
ks

Ni(C'%0),+C'"0 = Ni(C'%0)4(C'*0)+-C1%0

TABLE 2 — EXCHANGE REACTIONS OF NICKEL
TETRACARBONYL

Temperature, °C.

-10 10 18
C-Isotope exchange
Iy <0-015 017 0-27
tyj9(min.) >37 0-52 0-28

O-Isotope exchange

ke <0-003 0-019 0-026

Tetravalent tin is of interest as an octahedral
coordinating species which is readily solvolysed.
It is observed that the acid dissociation of the
aquometal ions shows definite isotope effects?, the
proton transfer being a function of log (OH,)* or
log (OD,)".

Isotopic Exchange in Substitutions and
Rearrangements -

Catalytic exchange is often resorted to in syn-
thetic organic chemistry and Garnett's reporti is
of interest in this aspect. The observations lead
to a concept of an associative and dissociative
n complex substitution mechanism in aromatic
systems (Chart 1). -

@ [ @: A @:'—L@-o +]
001 QHEP:

M M M

Inclined to
catalyst surface

Chart 1 — Associative (A) and dissociative (I3) complex
substitution mechanisms in aromatic systems

The results of exchange rule out randomization
and the rate determining step appears to be the
reaction between chemisorbed benzene and chemi-
sorbed hydrogen. .

Amide catalysed exchange in liquid ammonia,
appears to be quite a fruitful field. Hall ef al.%% as well
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as Shatenshtein® report similar results where com-
parisont is possible. The Russian work is quite
extensive and partial rate factors vary over very
wide limits from 10% to 0-4.

+ Exchange of hydrogen atoms in the aliphatic
eriem appears to be much more complex. Of the
platinum group, platinum-rich alloys are most
active, but even with methane and deuterium there
is no rational order of appearance of substituted
methanes®. The rate studies of Kandel®* with
tritium also shows the complex kinetics.

Bunton ef al.®® have studied the hydrolysis of
esters using tracers and observe extensive exchange
of oxygen with the solvent water and notice also
mechanistic variations with pH and concentration.

The n complex mechanism useful in substitution
finds an application also in the isomerization and
isotope exchange in the stilbenes®. The out-of-
plane bending vibrations of C-H and C-D bonds
provide a convenient means of following the course
of the exchange reaction. In the interpretation a
comparison between the Horiuti®® and the Farkas®®
mechanisms is used in favour of the former.

Deuteroxide catalysis in the exchange reactions
of methylene cyclopropane mono- and dicarboxylic
acids with D,O at constant ionic strength suggests a
carbanion intermediate in which the trianion has
lower energy barrier®’.

Both bromides and iodides exchange with halo-
gen in halogen substituted compounds by a second
order reaction®%. The iodide exchange reaction
is found to conform to Eyring’s theory in the di-
electric constant region 12:57-34:69 in carbon tetra-
chloride-nitrobenzene mixtures but deviates at lower
dielectric constant values of the medium.

Radiation Induced Exchange

‘Increasing interest is evinced in radiation induced
1s0wpe exchange. . Gaseous nitrogen has been ob-
served to undergo radiolytic exchange both with
X-rays and Y-rays and a pronounced wall effect is
noticed. The following mechanism suggested® is
quite plausible:

" Ny o Nj e —=N; or Ny~ Nj
N3-+Ny——> 2N or BNIN - WNUN . 215NUN
N3+N, —> Np-2N (A4S state, atoms in ground

state do not exchange)

NN+ (M) —> Ny +(M)

N;-+(M) ——N,

An alternative picture of the exchange has been
suggested by the work of Dawes and Back®l.
These authors using mass spectrometry and ion
drift measurements suggest a random combination
of atoms by neutralization of N3 or Nj or by dis-
sociative excitation. Taking the effect of added
oxygen as well as nitric oxide they suggest an
alternative mechanism

Ny~ N 4e

Ny o> 2N

Nj 4N, —-> N (internal exchange by uncertain
mechanism)

N +NO-+e™ — 2N,

N-4+NO —> N, 40
-

Another radiation induced exchange is with water
vapour and B-raysé?. The rate remains constant
over a considerable range of water vapour pressure
and is found to be a second order function of tritium
concentration

d(HTO)/dt = 3:6 x 10%(T)?
A chain mechanism has been suggested. .
Photochemical separation of the isotopes of
mercury®? is a novel application of radiation which
involves the excited mercury atom in the reaction
with an alkyl halide.

Exchange Reactions in Organic Synthesis

The use of borohydride in labelling organic com-
pound is found to be a useful means of introducing
deuterium and tritium®. An even more useful
technique is the development of an electrodeposi-
tion method® for following moderately fast reactions
of the type

CH,I+Nal* = CHgI*+Nal

Enzyme Reactions

A very fruitful field in exchange kinetics is in the
study of enzyme reactions. The report of the steric
course of enzyme reactions at meso carbon atoms
by the use of hydrogen isotopes®® opens up a wide
field. The significant observation is made that in
succinic acid and in citric acid the CH,COOH
groups are different. Another feature noticeable
1s the observation that the isotope effect in the
enzyme action on deuterosuccinate is absent when
the fully substituted enzyme is used®”. Both
compounds react at the same rate. A complication
one has to guard in enzyme studies as observed by
Bigeleisen®® is the need for studies under varying
PH since ApK for protic and deuteroacids and bases
may differ by 0-3-0:6 K units.

Summary

The recent work on the kinetics of exchange reac-
tions with special reference to reactions involving
hydrogen, carbon, oxygen, bromine, nitrogen and com-
plex metal ions has been critically reviewed. Isotopic
exchange in substitution reactions and rearrange-
ments in synthetic organic chemistry, radiation
(X-, Y- and B-rays) induced exchange, exchange
reactions in organic syntheses and enzyme reactions
are some of the other important topics discussed.
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Chemistry & Technology of Myrobalan Tanning

GEETA KANJILAL & Y. NAYUDAMMA
Central Leather Research Institute, Madras

YROBALANS, the fruits of Terminaliachebula,
M are available in abundance almost throughout

Indial. The tree grows under a variety of
climatic conditions®. About 40,000 tons of myro-
balan nuts are exported annually and about 20,000
tons find use in the indigenous tanning industry3.
Myrobalan fruit analyses to : moisture, 10-0; tannin,
24-6-32:5; non-tannins, 13-9-16-4; and insolubles,
41-1-50-1 per cent; the pH of the infusion is 3-4-3-5.
Though other parts of the tree also contain con-
siderable amounts of tannin, myrobalan tannin
implies the tannin of the fruit alone!. Usually
mature fruits are collected by shaking the tree and
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dried in thin layers®, preferably in shade®. The
tannin is extracted under a variety of conditions? 1,

Myrobalan is one of the most important vegetable
tanning agents of hydrolysable type. One of the
principal advantages of myrobalans, from the
tanners’ point of view, lies in their acid forming
properties, for they contain a much higher percen-
tage of sugars (3-5 per cent) than most tannins. This
helps fermentation of the tan liquor and consequent
plumping of the leather. It is one of the chief
bloom yielding tans due to the high content of
ellagi-tannic acid and is especially useful in the
production of sole leather. It is widely used in
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EI tanning to get weight and to fix good colour
resistant to light and ageing; it is also used in
making book-binding leathers. Myrobalan tannin
is generally blended with other more astringent
_and quickly penetrating tans. It is used alone for
1aaning sole leather in an indigenous method known
as ‘Lhori’ or “bag’ tannage! in India. Myro-
balan extract has also been successfully tried for
pretanning cow and buffalo hides!?

Besides its use in tanning, myrobalan is used in
ink manufacture, textile industry, oil drilling and for
softening boiler feed water. The use of myrobalan
pulp from tanning industry wastes for preparing
activated carbon'™ and chemicals like ellagic acid
and furfural has also been suggested (Banerjee, S.,
unpublished work).

Defects in Myrobalan Tannin

Myrobalan tannin has certain drawbacks when
used alone. These are : (i) slow rate of penetration
of tannin, (ii) poor yield of leather, and (iii) produc-
tion of spongy leather with high water absorption,
poor abrasion resistance, low shrinkage temperature,
dark colour, cracky and bronzy appearance. Due
to these defects myrobalan tannin is not being fully
utilized, in spite of India’s monopoly in the field.
On the contrary, India has to import wattle bark
and extract to meet the demands of the tanners.
Therefore, the modification of myrobalan tannin
so that it can be utilized as a self-tanning agent
is a problem of considerable economic value. A
prerequisite to the modification of myrobalan tannin
is the need to understand its complex nature — its
composition and characteristics of the various
constituents.

Chemical Composition of Myrobalan

° Although chemical investigation of myrobalan
started as early as 1876™, its chemistry could
be successfully studied only recently. Systematic
and exhaustive studies*1537 have shown that myro-
balan nuts contain the following compounds :
(i) chebulinic acid, (ii) chebulic acid, (iii) chebulagic
acid, (iv) corilagin, (v) terchebin, (vi) 1,3,6-trigalloyl-
glucose, /vii) 1,2,3,4,6-pentagalloylglucose, (viii) ella-
gic acid, (ix) gallic acid, (x) glucogallin and many
sugars such as glucose, sorbitol, fructose, sucrose,
gentibiose and traces of arabinose, maltose, rhamnose
and xylose. Some typical plant amino acids are
also present besides small quantities of phosphoric,
succinic, quinic, shikimic, dihydro and dehydro-
shikimic acids.

It is rather difficult to categorize the different
constituents according to their tanning potency.
Studies on the fixation of polyphenolic constituents
by collagen® have shown that the fixing ability
of a specific component is greatly influenced by
its origin. From tanning studies carried out with
individual components like chebulinic acid®® and
fractionated!® myrobalans the tanning potencies of
these fractions have been determined.

Physico-chemical Characteristics of
Myrobalan Tannins

= Myrobalan tannins are fairly complex in nature
and exist in varying degrees of agglomeration'®,

/’

They also differ considerably in their susceptibility
to hydrolytic breakdown.

Myrobalan tan liquor reverses the birefringence of
collagen fibres; gallic acid (nontan) present in the
liquor is responsible for thist!.

Biosynthesis

From exhaustive studies on the isolation and
identification of myrobalan tannin constituents,
Schmidt and Hathway*? suggested a mechanism for
the biosynthesis of myrobalan tannin. 5-Dehydro-
shikimic acid (dehydroshikimic acid has been iso-
lated in myrobalan tan liquor) can be oxidized to
gallic acid by aeration in alkaline solution. Growth
experiments on glucose media showed 5-dehydro-
shikimic acid to be a direct precursor of gallic acid
with shikimic acid and 5-dehydroquinic acid as near
but notimmediate precursors®. Hexahydroxydiphenic
acid has been found to be a chemical precursor of
ellagic acid. It has been suggested by the same
authors that oxidative coupling of two galloyl
residues, either free or in the bonded state, yields
a diester type of derivative of hexahydroxydiphenic
acid from which derivatives of chebulic acid might
arise by processes involving oxidation, benzilic acid
rearrangement and either hydrolytic cleavage or
decarboxylation. Possibly the formation of chebu-
linic acid and the related tannins of Terminalia
chebula takes place by way of a stepwise combination
of several phosphorylated cyclohexane carboxylic
acid units of shikimic acid type with a glucose
molecule. Detailed enzymic studies are necessary
before the mechanism of biosynthesis of myrobalan
tannin can be fully understood. From the leaves
which are the seats of active metabolic activity,
shimikic, dehydroshikimic and quinic acids have
been isolated®. These compounds have been identi-
fied in the nuts also, but not in the other parts of
myrobalan plant. More amino acids have been
found in the nuts than in the leaves. Drying in-
creases the number of amino acids in the nuts. A
study of tannin extracts from fresh myrobalan nuts
of three different degrees of maturity revealed that
the total tannin and nontan content is the same
in each case, only salts being absent in the final
stage.

Sludge Formation

One of the drawbacks in the use of myrobalan
tan liquors is their sludge forming tendency on
standing. This is attributed to one or more of the
following reasons®: (i) crystallization of chebulinic
acid from the liquor; (i) separation of ellagic acid
held in colloidal suspension by the tannins present;
(iii) decomposition of tannins by enzymes into their
simpler constituents, one of which is ellagic ac1q;
(iv) oxidation of the tan liquor; and (v) hydrolysis
of tannins; the first and the last are the main causes
of the formation of insolubles.

It has been found that (i) myrobalan tan liquors
free from enzymes but containing ellagitannins do
not deposit ellagic acid, and (ii) enzymes are not
responsible for the deposition of chebulinic acid.

The exact mechanism of sludge formation is not
known, but the most probable explanation is the dis-
turbance in the balance of the mutual solubility of
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the different constituents in the tan liquor by some
external or internal influence. Slight disturbance in
the balance sets in the precipitation of certain
constituents resulting in ‘ bloom’ or sludge forma-
tion. The disturbance may be due to external causes
such as aerial oxidation or hydrolysis by mould
growth or internal causes such as enzymatic hydro-
lysis (enzymes being present in the nut itself). With-
drawal of certain tannin constituents during the
process of tanning itself results in the precipitation
of insolubles (the cause being again imbalance in
the tan liquor).

Addition of chemicals to prevent fermentation and
mould growth has been tried with promising
results®®46, Heat treatment and chlorination of
the myrobalan tannin prevent sludge formation to
some extent, but the tanning property of the liquor
does not improve!® (Sastry, K. N. S., unpublished
work). Ultraviolet irradiation'® of myrobalan tan
liquor for different lengths of time helps in checking
fermentation and consequently sludge formation to
some extent, but the finish obtained is not of superior
quality. Addition of sulphonic acid derivatives
prevents sludge formation to a considerable extent.
The use of sodium hexmetaphosphate, however,
does not give positive results (Rao, V. S. S., unpub-
lished results).

Modification of Myrobalan Tannin

Several approaches have been tried for modifying
myrobalan tannin so that it can be utilized more
efficiently.

Solvent extraction — The extract of myrobalan nuts
with solvents like chloroform, acetone, etc., was
found to give better finish to leather than myrobalan
liquor as such?. It has higher tan/nontan ratio and
buffer index? and causes less mould growth than
aqueous infusion.

Heat treatment — For destroying the enzymes
present in the nuts prior to leaching, myrobalan
nuts (whole and crushed) were subjected to sudden
heating (~ 120°C.) in an air oven for different
lengths of time. This treatment reduced sludge
formation to a great extent, but the tan liquor
darkened and insolubles increased slightly. Heating
of myrobalan extract powder was carried out in
vacuum as well as in an air oven for different
periods which reduced the sludge formation to a

considerable extent (Sastry, K. N. S., unpublished -

results).

Oxidative and degradative studies on myrobalan
involving heating myrobalan tan liquor at 105°C.
in sealed tubes for different periods showed gradual
degradation of tannins.

Treatment with wultraviolet light — Ultraviolet ir-
radiation of myrobalan extract powder?’ for several
hours increases the T of the leather tanned with it
and also eliminates the moisture absorbing property
of myrobalan extract. Decrease in tan content and
increase in insolubles have been observed on expos-
ing myrobalan liquor to ultraviolet light?’.

Chlorination — Passage of chlorine gas through
myrobalan tan liquor has been reported to prevent
sludge formation almost completely, but the finish
imparted to the leather is not satisfactory® (Sastry,
K. N. S., unpublished results).
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Treatment with salts — In analogy with sweetening
of chestnut extract’®50, an attempt was made to
improve myrobalan liquor by reducing its acidity. Ad-
dition of NaOH, Na,CO,, Na,PO,, NaHCO;, Na,S0,,
NH,OH, Na,B,0, and sodium citrate at different
concentration levels and under different conditions,
either singly or in combinatior, has beer tried.
Myrobalan liquor with borax added at 3 per cent level
has been found to yield better quality leather. Still
further improvement was possible when a combina-
tion of borax and sodium bisulphite (both 3 per
cent on solid weight) was used instead of borax
alone. These chemicals prevent sludge formation
to a considerable extent.

Partial deacidification of the tan liquor by the
addition of salts like NaCl, Na,SO,, Na,PO, and
borax increases the rate of penetration, but reduces
the fixation of tannin (Banerjee, S., unpublished
results). Use of myrobalan liquor after neutralizing
its acidity with precipitated chalk yields a very soft
and yellow-coloured leather.

In another attempt, addition of certain salts like
sodium fluoride, oxalic acid, sodium thiosulphate,
formaldehyde, sodium sulphite and sodium tartrate
has also been reported to improve the tanning
character of the myrobalan tannins (Olivannan,
M. S., Selvarangan, R. & Nayudamma, Y., unpub-
lished results). The resulting liquor gives higher
fixation of tannin and has less water solubles.

Addition of salts like sodium acetate, sodium
formate, calcium acetate and calcium formate in
small amounts has been found to bring about con-
siderable improvement in the leather forming pro-
perty of tan liquor (Kanjilal, G., unpublished
results). Preparation of myrobalan tan liquor in
acetate buffer produces good leather yielding liquor
besides preventing mould growth and sludge forma-
tion. Among the various salts tried, sodtum
acetate and calcium formate have been found o8¢
the best and most economical.

Miscellaneous lreatments — Studies on the co-
sulphonation and condensation of myrobalan tannins
with raw oils, and sulphited oils, using formaldehyde
and hexamine as condensing agents have shown that
sulphitation decreases the tan content by almost
one-half (Rao, V. S. S., unpublished results). Myro-
balan when treated with phenol-sulphonic acid (1/3
myrobalan) and formaldehyde does not produce
sludge and the tan content increases. Pelts tanned
with myrab-hexamine mixture containing sodium
bisulphite in different proportions yield leather with
high T value, but the sludge formation increases.
To eliminate some of the nontans from tan liquor,
dialysis'®:5! of the liquor has been tried, using naturin,
sausage casing and cellophane paper membranes.
The first two have been found to be better than cello-
phane paper which permeates all the constituents.
But the dialysed solution does not possess better
leather making property.

Combinations of Myrobalan with
Other Tanstuffs

Myrobalan and other vegetable tannin combina-
tions — Myrobalan is commonly used in combination
with other vegetable tanning materials likcs
wattle, avaram and konnam in EI tanning, and
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with, babul, wattle and goran in sole leather
tanning.

Myrobalan-mineral tanning agent combinations —
Myrobalan strips Cr and Al if it is used as a retan-
ning agent and hence it is not used for retanning
leather. However, it is used as a pretanning agent
follow »d by Al,Nreatment“. There is a consider-
able rise in Ts value. This treatment is most useful
in the preparation of heat resistant leathers and for
finishing of EI tanned kips. Mpyrab-Al combination
has been successfully used in single bath tannage for
the manufacture of soft leather?.

Myrobalan-syntan ~ combination — Treatment of
myrobalan tannin with cresol-sulphonic acid con-
densation products and in some cases with formal-
dehyde, sodium sulphite and urea along with the
condensation product, checks sludge formation to
some extent. Pelt tanned with myrab tan liquor
deacidified with w-sulphonated cresol and treated
with urea produces satisfactory leather in respect
of colour, strength and other properties, but the yield
of leather is poor (Banerjee, S., unpublished results).
Myrobalan in combination with Basyntan FC and
Basyntan extra-1-solid and some other BASF syntans
has been reported to produce satisfactory finished
leathers® (Banerjee, S., unpublished results).

Addition of B-naphthol syntan and also a conden-
sate of sulphonic acid and naphthalene after neutrali-
zation prevents sludge formation to a considerable
extent (Mukherjee, D., unpublished results).

Summary

The recent advances in understanding the
chemistry of myrobalan, the fruit of Terminalia
chebula, and the mode of biosynthesis of myrobalan
tannin are reviewed. The inherent defects which
stand in the way of full utilization of myrobalan
have been discussed and various treatments for
mowtying the material so that it may be efficiently
utilized have been reviewed. Among the different

approaches towards modification, pH control of the ,

tan liquor seems to be the most promising treatment.
By controlling pH, not only mould growth and sludge
formation can be prevented, but also superior quality
leathers can be obtained. The use of acetate buffers
and salts like sodium acetate and calcium formate
gives satisfactory results.
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Methods in Nucleoside Syntheses*

H. G. GARG
Twyford Laboratories, London NW 10

HE term ‘ nucleoside ’ was first introduced by

Levene and Jacobs! for the carbohydrate

derivatives of purines and pyrimidines iso-
lated by the hydrolysis of nucleic acids, but now is
applied to natural and synthetic glycosyl deriva-
tives of purines, pyrimidines and many other
heterocycles.

Interest in chemically prepared nucleosides has
remained high, in spite of the difficulties encountered
in their synthesis, due to the fact that unusual
purine and pyrimidine nucleosides have been ob-
tained from natural sources, e.g. angustmycin?
nucleocidin®, cordycepin®8, nebularin®1, psicofura-
nine!, crotonoside!?, puromycin!3, the aminonucleo-
side’* from puromycin, homocitrullylaminoadeno-
sine'®, helminthosporium sp. No. 21519, gougerotin!”18,
amicetin!®20, bamicetinl?, etc., and several of them
have antitumour properties at non-toxic dose levels;
for some of them, no data have been published?!,

Several reviews??3! have appeared that are con-
cerned with the subject of nucleosides. The purpose
of this article is to summarize briefly these reviews
and to relate them to recent developments. The
literature coverage in this review is essentially
complete through 1965.

SYNTHESES OF NUCLEOSIDES

The following methods are used for the prepara-
tion of nucleosides: (a) Metal salt method;
(b) Hilbert-Johnson method; (c) Trimethylsilyl
method; (d) Direct condensation of the purines with
various sugars; and (e) Nucleoside interconversions.

Metal Salt Method

Fischer and Helferich®® first condensed silver
2,8-dichloroadenine and theophylline with 2,3,4,6-
tetra-O-acetylglucopyranosyl ~bromide (I) and
obtained 2,8-dichloro-9-(2',3’,4’,6'-tetra-O-acetyl-
@-p-glucopyranosyl) adenine (II) and 7-(2,3'.4',6'-

tetra-O-acetyl-B-D-glucopyranosyl) theophylline
respectively.
Y,
N,
Vet
NN
EH 0 L%
% N
JSNoop——
s e
fig o
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*Abbreviations used: Ac, acetyl; Bz, benzoyl; Tr, trityl;
Ts, p-toluenesulphonyl; Mes, methanesulphonyl; ph, phtha-
loyl; PN, p-nitro; T, p-toluyl; Cbz, carbobenzyloxy; Bzl,
benzyl; Et, ethyl; Me, methyl; and IP, isopropyl.
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Davoll and Lowy® obscrved that chloromercuri
derivatives of purines, rather than silver purines,
gave better results. Since then, the synthesis of
nucleosides of purines, pyrimidines and other hetero-
cyclics using mercury salts has become a practical
method.

The silver and mercury salts of pyrimidines yield
different products with the same glycosyl halide.
Ulbricht®* suggested that chloromercuripyrimidines,
dipyrimidinylmercury and pyrimidine silver salts
are oxygen derivatives (e.g. III and IV), and these
derivatives react with glycosyl halides to give,
initially, O-glycosides, many of which, under the
conditions of the reaction, rearrange to N-glycosides.
Recently, the rearrangement of O-glucoside (V) with
mercuric bromide to N-glucoside (VI) has been

Ni o€t
9 4
AeN cuboJ\l
III Iv
NHA.
0 y
r)
Q
D e
A “SB":. 9
Ao ok
Ohe Ao
Ohe
v vI

reported®. In a preliminary report®, mechanism A
for the rearrangement was suggested. An alter-
native mechanism B has been proposed by Wagner
and Pischel®’.

Winstein e¢f al.%® demonstrated that the salt
effects on the rate of ionization of organic substrates
can become enormous in poorly ionizing solvents.
Of a number of salts investigated®, lithium per-
chlorate proved effective in promoting ionization,
by preventing ion-pair return (‘covalent return’).
However, it was found to be ineffective in O — N-
glycoside rearrangement. Mechanism A is, there-
fore, the one which is more likely.

In most of the early reports, the isolated products
have been the N®-nucleosides with #rans configura-
tion for the base and the protected hydroxyl group
on C-2. The explanation of the anomeric configura-
tion obtained with these different sugars can be
found in Tipson’s trans rule®® as extended by B~%crd?.
Baker and coworkers*!42 have also found excepiiope.
to the C-1—C-2 frans rule. Recently, Wolfrom

-
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Mechanism B
=2,3,4,6 - Tetra - 0 - acetylglucopyranosyl

et al.® synthesized both anomeric nucleosides of
2-amino-2-deoxy-D-glucose.

Table 1 lists the mercury salts of various purines,
pyrimidines, etc., which have been successfully con-
densed with halo sugars to obtain the nucleosides.

A method of preparing aminodeoxyglycosylpurines
is to treat a mixture containing the chloromercuri
salt of a purine and an acylated aminosugar with
TiCl, in an inert hydrocarbon or halogenated hydro-
carbon* solvent at 50-90°. Thus, 2-methylthio-
6-(dimethylamino)-purine chloromercuri salt (VIII)
was condensed with 1-(O-acetyl)-2,5-di-O-benzoyl-
3-acetamido-3-deoxy-D-ribofuranoside (VII) in ethy-
lene chloride in the presence of TiCl, to give (IX).

u«EL
N
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B:0CH, 2 N Boch
E I "/j\ TCh
e XY 2
s ]
wia; 0Bz Hyet NHA: OBz
VII VIII IX

The following were prepared by similar techni-
ques: 2-methylthio-6-dimethylamino-9-(2'-acetamido-
2'-deoxy-3',4',6'-tri-O-acetyl - B - D- glucopyranosyl)-
purine; 6-dimethylamino-9-(2’-acetamido-2'-deoxy-
3',4',6" - tri- O - acetyl- B - D - glucopyranosyl) - purine;
2-methylthio-6-dimethylamino-9-(2’,5’-di-O-benzoyl-
3’-acetamido-3’-deoxy-a-D-arabinofuranosyl)-purine;
6-dimethylamino-9-(2’,5’-di-O-benzoyl-3’-acetamido-
3’-deoxy-u-D-arabinofuranosyl)-purine; 6-dimethyl-
amino-9-(2',5’-di-0-acetyl - 3’ -acetamido- 3’ -deoxy-
.- D - ribofuranosyl) - purine; 6 - chloro-9-(2',5" - di-
O-benzoyl-3’-phthalimido-3’-deoxy-#-D-ribofurano-
syl)-purine; 6-chloro-9-(2',5’-di-O-benzoyl-3'-aceta-
mido-3'-deoxy-D-ribofuranosyl)-purine; 2,6-dichloro-
9-(2',5'-di-O-benzoyl - 3’ - phthalimido - 3’ - deoxy-
‘g;$igoﬁ1ranosyl) - purine; 6-mercapto-9-(2’',5'-di-O-
~ beproyl - 3' - phthalimido - 3'- deoxy - 8 - D - ribofurano-

syl) -purine; 6 - methylthio-9-(2’,5"-di-O-benzoyl-

3’-phthalimido-3’-deoxy-p-D-ribofuranosyl) - purine;
9-(2',5'-di- 0 -benzoyl- 3’-phthalimido-3'-deoxy- 8-
D - ribofuranosyl) - purine; 6 - chloro-9-(2',3'-di-O-
benzoyl-5'-phthalimido-5’-deoxy-B-D-ribofuranosyl)-
purine; 9-(2',3'-di- O - benzoyl - 5 - phthalimido-
5’-deoxy - B - D - ribofuranosyl) - purine; 6-dimethyl-
amino-9-(2,3’-di-O-benzoyl-5'-phthalimido-5'-deoxy-
£-D-ribofuranosyl)-purine; 2-methylthio-6-dimethyl-
amino-9-(2'-acetamido-2'-deoxy-4',6’-O-benzylidene-
B-D-glucopyranosyl)-purine; 2-methylthio-6-dimethyl-
amino-9-[2'-acetamido - 2'- deoxy - 3'-mesyl-4',6"- (O-
benzylidene)-B-Dp-glucopyranosyl]-purine; 2-methyl-
thio - 6 - dimethylamino - 9 - [2'- acetamido - 2'- deoxy-
4',6' - (O - benzylidene) - 8 - D - allopyranosyl] - purine;
2 - methylthio - 6 - dimethylamino - 9 - [2' - acetamido-
2'-deoxy-3'-O-acetyl-7’,6'-(0-benzylideng)-B-D-allo-
pyranosyl] - purine; 2-methylthio - 6 - dimethylamino-
9-(2'-acetamido - 2'-deoxy-3',4',6'-tri-O-acetyl-8-D-
allopyranosyl)-purine.

" Recently, 1,2-di-O-acetyl-5,6-di-O-benzoyl-3-deoxy-
D-galactofuranose (X) and 1,2-di-O-acetyl-5-O-
benzoyl-3-deoxy-L-arabinofuranose (XI) have been
condensed with chloromercuri-6-benzamidopurine in
the presence of titanium tetrachloride®,

e 00&,
A 0
= Balicle Ok

C€Hy OBz

OBz

X X1

Condensation of 5-O-benzoyl-2-deoxy-D-ribose
diisopropyl dithioacetal (XII) with chloromercuri-
6-benzamidopurine, followed by removal of the
acyl groups, gave 2'-deoxyadenosine and its anomer4é
(XIITa and XIIIb).
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TABLE 1 — VARIOUS PURINES AND PYRIMIDINES WHICH HAVE BEEN CONDENSED WITH VARIous HALo SuGARS TO GET

Halo sugars
NE-ACETYLPURINE DERIVATIVES

2,3,5-Tri-O-acetyl-p-ribofuranosyl chloride
D-Psicosyl chloride tetraacetate
Hepta-O-acetyl-a-lactosyl bromide
Hzpta-O-acetyl-a-cellobiosyl bromide
Penta-O-acetyl-1-bromo-1-deoxy-1-O-methyl-
aldehydo-prgalactose aldehydrol
2,3,4,6-Tetra-O-acetyl-a-D-galactopyranosyl
bromide
2,3,4,6-Tetra-O-acetyl-D-glucopyranosyl bromide
3.4,5,6-Tztra-O-acetyl-1-bromor1,1,2-trideoxy-
2-(2,4-dinitroanilino)-1-ethylthio-p-glucose
aldehydrol
3,4,5,6-Tetra-O-acetyl-1-chloro-1,2-dideoxy-
2-(2,4-dinitroanilino)-1-O-ethyl-p-glucose
aldehydrol
3,4,5,6-Tetra-O-acetyl-1-chloro-1,2-dideoxy-
2-(2.4-dinitroanilino)-1-O-methyl-p-glucose
aldehydrol
3.,4,6-Tri-O-acetyl-2-deoxy-2-(2,4-dinitroanilino)-
«-D-glucopyranosyl bromide
Penta-O-acetyl-1-O-benzyl-1-chloro-1-deoxy-p-
galactose aldehydrol
Mzthyl 2,3,4-tri-O-acetyl-a-p-glucopyranosyl-
uronate 1-bromide

N¢-BENZAMIDOPURINE

Tetra-O-acetyl glucosyl bromide
5-0-B:znzoyl-p-ribofuranosyl bramide 2,3-cyclic
carbonate
2-Deoxy-3,5-di-O-p-nitrobenzoyl-p-ribosyl
chloride
2-0-Acetyl-5-O-methoxy carbonyl-3-O-(p-
toluenesulphonyl)-p-xylofuranosyl chloride and
bromide
2,3,5-Tri-O-beazoyl-6-deoxy-p-allofuranosy!l
chloride
2,3,5-Tci-O-benzoyl-6-deoxy-L-talofuranosyl
chloride
2,3-Di-O-acetyl-5-deoxy-p-ribofuranosyl chloride
3,4,6-Tri-O-acztyl-2-benzylsulphonamido-2-deoxy-
«-D-glucopyranosyl chloride
Penta-O-acetyl-1-O-benzyl-1-bromo-1-deoxy-p-
galactose aldehydrol
2-Chloro-3,5-diacetyl-2-deoxy-p-arabinofuranosyl
chloride
2-Deoxy-3,4,6+tri-O-p-nitrobenzoyl-a-D-ribo-
hexopyranosyl bromide
2,5-Di-O-benzoyl-3-B-deoxy-p-ribofuranosyl
bromide
2,3,5,6-Tetra-O-acetyl-B-p-galacto-furanosyl
chloride

N6 N6-DIMETHYLAMINOPURINE DERIVATIVES

2,3-Di-O-acetyl-5-deoxy-p-ribofuranosyl
chloride

2,3,5-Tri-O-acetyl-p-ribofuranosyl chloride

2,3,5-Tri-O-bznzoyl-p-ribofuranosyl bromide

2,5-Di-O-acetyl-3-phthalimido-3-deox y-B-D-
ribofuranosyl chloride

2,6-DIACETAMIDOPURINE DERIVATIVES

2,3,5-Tri-O-acetyl-p-ribofuranosyl chloride

2,3,5-Tri-O-benzoyl-6-deoxy-L-talofuranosyl
chloride

2,3,5-Tri-O-henzoyl-6-deoxy-p-allofuranosyl
chloride

Hepta-O-acetyl-a.-lactosyl bromide

2,3,4,6-Tetra-O-acetyl-glucosyl bromide

NUCLEOSIDES
Ref. Halo sugars Ref.
Hepta-O-acetyl--cellobiosyl bromide <127
2,5-Di-0O-benzoyl-3-deoxy-3-phthalimido-®. »- 148
124 ribofuranosyl chloride e e
125 2,3,5,6-Tctm-O-ucetyl-B-D-galaq:(\',Aranosy] 143
126 chloride -
127
128 6-CHLOROPURINE
128 2,5-Di-O-benzoyl-3-deoxy-3-phthalimido-B-p- 149
ribofuranosyl chloride
33 2,3,5-Tri-O-benzoyl-p-ribofuranosyl chloride 16
129 2,3-Di-O-acetyl-5-deoxy-5-fluoro-p-ribofuranosyl 111
chloride
2,5-Di-O-benzoyl-3-deoxy-3-phthalimido-B8-p- 150
130 ribofuranosyl chloride
2,5-Di-O-b2nzoyl-3-deoxy-B-p-ribofuranosyl 142
bromide
130 2,5-Di-O-benzoyl-3-phthalmido-3-deoxy-B-p- 150
ribofuranosyl chloride
2,5-Di-O-benzoyl-3-acetamido-3-deoxy-B-p- 150
43 ribofuranosyl chloride
2,3,5,6-Tetra-O-acetyl-B-n-galactofuranosyl 132
131 chloride
2-0-Acetyl-3-O-benzoyl-5-deoxy-p-xylofuranosyl 151
132 chloride
2-METHYLMERCAPTO-6-DIMETHYLAMINO PURINE DERIVATIVES
2,3,5-Tri-O-acetyl-B-p-ribofuranosyl chloride 144
2,3,5-Tri-O-benzoyl-B-p-ribofuranosyl chloride 144
33 2,3,5-Tri-O-benzoyl-p-xylofuranosyl chloride 152
133 2,5-Di-O-benzoyl-3-N-acetyl-3-deoxy-D- 153
134 arabinofuranosyl chloride
135 2,6-DICHLOROPURINE DERIVATIVES
2,3,5-0-Acetyl-p-ribofuranosyl chloride 108
136 2,3,5-0-Benzoyl-p-ribofuranosyl chloride 108
2,5-Di-O-benzoyl-3-phthalimido-3-deoxy-B-p- 150
137 ribofuranosyl chloride
42 6-MERCAPTOPURINE DERIVATIVE -
125,138 3 5.Dj-O-benzoyl-3-phthalimido-3-deoxy-B-p- 150
131 ribofuranosyl chloride
139 6-METHYLTHIOPURINE DERIVATIVE
2,5-Di-O-benzoyl-3-phthalimido-3-deoxy B-p- 150 *
140 ribofuranosyl chloride "
114, 141 2-ACETAMIDO-6-CHLORCPURINE DERIVATIVE
143 2-Deoxy-3,5-di-O-p-toluyl-p-ribofuranosyl 142,154
chloride
2,6-DIBENZAMIDOPURINE DERIVATIVE
2,5-Di-0-benzoyl-3-deoxy-3-phthalimido-8-p~ 113
42 ribofuranosyl! chloride
2,5-Di-O-benzoyl-3-deoxy-p-ribofuranosyl 142
144 bromide
144
145 5-NITROBENZIMIDAZOLE DERIVATIVE
2,3,5-Tri-O-benzoyl-p-ribofuranosyl chloride 155
6-NITROBENZIMIDAZOLE DERIVATIVE
33'1 41624 2,3,5-Tri-O-benzoyl-p-ribofuranosyl chloride 155
136 3-BENZYLHYPOXANTHINE DERIVATIVES
2,3,5-Tri-O-acetyl-p-ribofuranosyl chloride 156
126 2,3,5-Tri-O-benzoyl-a-p-arabinofurarosyl © » BRI
33 bromide [
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TABLE 1 — VARIOUS PURINES AND PYRIMIDINES WHICH HAVE BEEN CONDENSED WITH VARrious HALO SuGarRs To GET

NUCLEOSIDES — contd

Halo sugars Ref.
€A ELAMIDOHYPOXANTHINE DERIVATIVE
Ty
2,5-Di-0-benzoyl-3-dev.tw-prribofuranosyl 157
bromide T
6-BENZAMIDO-3-BENZYLPURINE DERIVATIVES
Tri-O-acetyl-p-ribofuranosyl chloride 158
5-0-Benzoyl-p-ribofuranosyl bromide 2,3-cyclic 158
onate
6-(N-METHYLBENZAMIDO)-PURINE DERIVATIVE
2,5-Di-O-benzoyl-3-deoxy-p-ribofuranosyl 114
bromide
THYMINE DERIVATIVES
2,3,5-Tri-O-benzoyl-p-ribofuranosyl chloride 147
or bromide
2,3,5-Tri-O-beneoyl-p-xylofuranosyl bromide 147,159
or chloride
2,3-Di-0-b3nzoyl-5-deaxy-5-phthalimido-p- 160
ribosyl chloride
Tri-O-benzoyl-a-L-rhamnopyranosyl bromide 161
Penta-O-acetyl-1-O-methyl-1-chloro-1-deoxy- 131
D-galactose aldehydrol
2,3,5-Tri-O-benzoyl-a-p-arabinofuranosyl 58
bromide
N-ACETYL CYTOSINE DERIVATIVE
Tri-O-benzoyl-D-ribofuranosyl chloride 160
2,5-Di-O-benzoyl-3-deoxy-3-phthalimido-g-p- 160
ribofuranosyl chloride
2,3-Di-O-bznzoyl-5-deoxy-5-phthalimido-p- 160
ribosyl chloride
2,3-Di-O-acetyl-5-deoxy-5-fluoro-p-ribosyl 111
chloride
Tri-O-benzoyl-a-L-rhamnopyranosyl bromide 161
3,4,6-Tri-O-agetyl-2-deoxy-2-acetamido-D- 104
glucopyranosyl chloride
3,4,6-Tri-Oracetyl-2-dzoxy-2-carbobenzyloxy- 104
ino-p-glucopyranosyl chloride
3,4,6-Tri-O-ac:atyl-2-deoxy-2-carbomethoxy- 104
amino-p-glucopyranosyl chloride
Hepta-O-acetyl-a-lactosyl bromide 105
Hepta-O-acetyl-a-cellobiosyl bromide 105
2,3,5-Tri-O-benzyl-p-arabinofuranosyl chloride 162
4-ETHOXY-2-(1H)-PYRIMIDINONE DERIVATIVES
2,5-Di-O-benzoyl-3-deoxy-3-phthalimido-f-p- 160
ribofuranosyl chloride
2,3-Di-Oracetyl-5-deoxy-5-fluoro-p-ribofuranosyl 111
chloride
2,3,5-Tri-O-benzoyl-¢-p-arabinofuranosyl 58
bromide
2,3,5-Tri-O-acetyl-p-lyxofuranosy! chloride 58
2-THIOURACIL DERIVATIVE
Il
2,3,4,6-Tetra-O-acetyl-a-p-glucopyranosyl 163
bromide
5-(ETHOXYCARBONYL) CYTOSINE DERIVATIVE
2,3,5-Tri-O-benzoyl-p-ribofuranosyl chloride 164,165
5-FLUOROURACIL DERIVATIVES
2,3,5-Tri-O-benzoyl-p-ribofuranosyl chloride 166
2Z0a 77 4,6-tri-O-acetyl-D-glucopyranosyl 167

tearie

Halo sugars Ref.
AZATHYMINE DERIVATIVE
2,3,5-Tri-O-benzoyl-p-ribofuranosyl chloride 168

4-DIPHENVLMETHYL-6-TRIFLUOROMETHYL-aS-TRIAZINE-
3,5-(2H,4H)-DIONE DERIVATIVE

2-Deoxy-3,5-di-O-toluyl-p-ribofuranosyl chloride 173
5-BROMOURACIL DERIVATIVE
2-Deoxy-3,4,6-tri-O-acetyl-p-glucopyranosyl 167
bromide
5-I0DOURACIL DERIVATIVES
2-Deoxy-3,4,6-tri-O-acetyl-p-glucopyranosyl 167
‘bromide
3,5-Di-0-p-toluyl-2-deoxy-p-ribofuranosyl 51
chloride
5-ALLYLURACIL DERIVATIVE
3,5-Di-0-p-chlorobenzoyl-2-deoxy-n-ribofura- 169
nosyl chloride
5-NITROURACIL DERIVATIVE
3,5-Di-0-p-toluyl-2-deoxy-p-ribofuranosyl 170
chloride
1-DEAZAPURINE
2,3,4,6-Tetra-O-acetyl-a-p-glucopyranosyl 171
bromide
2,3,5-Tri-O-benzoyl-p-ribofuranosyl chloride 171
2,3,4,6-Tetra-O-acetyl-D-galactopyranosyl 171
bromide
2,3,5-Tri-O-acetyl-p-xylopyranosyl bromide 17
6-CHLOROIMIDAZO-(b)-PYRIDINE
2,3,5-Tri-O-benzoyl-B-p-ribofuranosyl chloride 172
6-BROMOIMIDAZO-(b)-PYRIDINE
2,3,5-Tri-O-benzoyl-B-p-ribofuranosyl chloride 172
IMIDAZO-(¢)-PYRIDINE
2,3,5-Tri-O-benzoyl-B-p-ritofurar.osyl chloride 172
7-NITROIMIDAZO- (¢)-PYRIDINE
2,3,5-Tri-O-benzoyl-B-p-ribofurarcsyl chloride 172
TRIAZOLO-(4,5-b)-PYRICINE
2,3,5-Tri-O-benzcyl-p-ritofurar csyl chlcxice 174
TRr1AZOLO-(4,5-¢)-PYRIDINE
2,3,5-Tri-O-benzoyl-p-p-ribofurar csyl chlerice 174
2,8-DICHLOROADENINE
2-O-Acetyl-3-O-tosyl-5~O-methoxycarbonyl-p- 114
xylofuranosyl chloride
6-AzA-3-(DIPHENYLMETKYL)-URACIL
2,3,5-Tri-O-benzoyl-p-xylofuranosyl chloride 175
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TABLE 2 — VARIOUS NUCLEOSIDES SYNTHESIZED BY HILBERT-JOHNSON METHOD

Halo sugars Ref.
2,4-DIETHOXYPYRIMIDINE

2,3,4,6-Tetra-O-acetyl-x-D-glucopyranosyl 47, 48,
bromide or chloride 177

2,3,4,6-Tetra-O-acetyl-D-galactose bromide or 176,177
chloride

Tri-O-acetyl-p-xylopyranosyl bromide or 176,177
chloride

Tri-O-acetyl-n-arabinopyranosyl bromide or 176,177
chloride

Tri-O-acetyl-L-arabinopyranosyl bromide or 176,177
chloride

2,3,5-Tri-O-acetyl-p-ribofuranosyl bromide 49

3,4,6-Tri-O-acetyl-n-glucopyranosyl chloride 178

3,4,6-Tri-O-acztyl-2-deoxy-2-acetamido-D- 104
glucopyranosyl chloride

3,4,6-Tri-O-acetyl-2-deoxy-2-carbobenzyloxy- 104
amino-a-p-glucopyranosyl chloride

3,4,6-Tri-O-acetyl-2+deox y-2-carbomethoxy- 104
amino-p-glucopyranosyl chloride

Hepta-O-acetyl-a-p-lactosyl chloride 105

Hepta-0-acetyl-a-cellobiosyl chloride 105

2,3,4-Tri-O-acatyl-6+O-trichloroacetyl-a-p- 105
glucopyranosyl bromide

2,3,4-Tetra-O-acetyl-6-(2-deoxy-2-benzamido- 105
3,4,6-tri-O-acetyl-B-pvglucopyranosyl)-p-
glucopyranosyl chloride

2-Deoxy-3,4,6-tri-O-p-nitrobenzoyl-a-- 179
arabino-hexosyl bromide

2-Deoxy-3,4,6-tri-O-p-nitrobenzoyl-a-p-ribo- 179
hexosyl bromide

2,4-DIMETHOXYPYRIMIDINE

2,3,4,6-Tetra-O-acetyl-a-D-glucopyranosyl 180
bromide

3,5-Di-O-p-toluyl-2-deoxy-p-ribofuranosyl 52,181,
chloride 182

3,5-D-O-p-chlorobenzoyl-2-deoxy-p- 182
ribofuranosyl chloride

3,5-Di-O-p-nitrobenzoyl-2-deoxy-p- 182
ribofuranosyl chloride

2,3,5-Tri-O-benzyl-p-arabinofuranosyl chloride 162

Hepta-O-acetyl-a-p-lactosyl chloride 104

5-METHYL-2,4-DIMETHOXYPYRIMIDINE

3,5-Di-0-p-toluyl-2-deoxy-D-ribofuranosyl 52
chloride

3,5-Di-O-chlorobenzoyl-2-deoxy-p-ribofuranosyl 181
chloride

Halo sugars Ref.
3,5-Di-p-nitrobenzoyl-2-deoxy-n-ribofuranosvl . *181
chloride BT
. g .
5-1000-2,4-DIMET¥Y,« PYRIMIDINE
3,5-Di-O-p+toluyl-2-deoxy-p-ribofuranosyl 51
chloride
5-CHLORO-2,4-DIMETHOXY PYRIMIDINE
3,5-Di-O-p-toluyl-2-deoxy-p-ribofuranosyl 182
chloride
5-BROMO-2,4-DIMETHOXYPYRIMIDINE
3,5-Di-Orp-toluyl-2-deoxy-p-ribofuranosyl 182
chloride
5-FLUORO-2,4-DIMETHOXYPYRIMIDINE
3,5-Di-O-p-toluyl-2-deox y-p-ribofuranosyl 170
chioride
5-NI1TRO-2,4-DIMETHOXYPYRIMIDINE
3,5-Di-0-p-toluyl-2-deoxy-p-ribofuranosyl 170
chloride

2,4-DIMETHOXY-5-TRIFLUOROMETHYLPYRIMIDINE
2,3,5-Tri-O-benzyl-p-arabinofuranosyl chloride 162
2,4-DIETHOXY-5-FLUOROPYRIMIDINE

3,4,6-Tri-O-p-nitrobenzoyl-2-deoxy-a-D-arabino- 183
hexopyranosyl bromide

2,4-DIETHOXY-5-METHYLPYRIMIDINE

3,4,6-Tri-O-p-nitrobenzoyl-2-deoxy-a-p-ribo- 140
hexopyranosyl bromide

2,3,5-Tri-O-acetyl-p-ribofuranosyl bromide 1847186,
187

2,3,4,6-Tetra-O-acetyl-a-n-ghicopyranosyl 185, 186
bromide

2,3,4,6-Tetra-O-acetyl-D-galactopyranosyl 36
bromide

2,3,5-Tri-O-acetyl-p-arabinofuranosyl bromide 173,186
or chloride i

2,3,5-Tri-O-acetyl-L-arabinofuranosyl bromide 177,186
or chloride >

Tri-O-acetyl-p-xvlofuranosyl chloride 177

Hilbert-Johnson Method

A method for the synthesis of pyrimidine nucleo-
sides was described by Hilbert and Johnson? who
prepared (-D-glucopyranosyl uracil (XV) by the
reaction of 2,4-diethoxypyrimidine with 2,3 4,6-tetra-
O-acetyl-a-D-glucopyranosyl bromide (I) followed by
hydrolysis.

Treatment of the protected nucleoside inter-
mediate with methanolic ammonia gave B2-D-gluco-
pyranosyl cytosine®® (XVI).

Todd and coworkers® in 1947 were the first to
synthesize cytidine (Chart 1), a natural nucleoside,
by this method. In some cases both anomers are
obtained%-52, Since then a number of nucleosides
have been synthesized by this method. They are
listed in Table 2.

408

Trimethylsilyl Method

A new method for the synthesis of pyrimidine
and purine nucleosides, based on Birkofer’s original
discovery®®:54 of the activation of heterocyclic ring-
nitrogens by silylation, was described by Nishimura
and coworkers-81, Trimethylsilyl ethers of uracil
(XVII), on fusion at 180-190° with 2,3,5-O-tri-
benzoylribofuranosyl chloride (XVIII), produced
1-(2',3',5'-tri-O-benzoylribofuranosyl) - trimethylsilyl
uracil (XIX), which on treatment with aq. ethanol
gave 1-2',3',5"-tri-O-benzoyl-8-p-ribofuranosyl uracil
(XX). Similarly, prepared nucleosides are listed
in Table 3.

It was shown earlier’® that all the nu >y .
possessed @-configurations in glycosidic cenviagia
However, Nishimura and Shimizo, recently, were




GARG: METHODS IN NUCLEOSIDE SYNTHESES

Aocit
Br +
i G40
0A¢ OAc
eG iy
N
Ay o
40 M Hocks
ode o oH

e

MgOH
HCL L o
Ho
N G
Xv

OH

Chart 1 — Synthesis of cytidine
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TABLE 3 — NUCLEOSIDES PREPARED BY TRIMETHYLSILYL
METHOD

Acylhalogeno sugar Ref.

BIs-(TRIMETHYLSILYL)-URACIL

2,3,4,6-Tetra-O-acetyl-a-D-glucopyranosyl 55, 56,
bromide 188
2,3,5-Tri-O-benzoyl-a-b-arabinofuranosyl 58
bromide

2,3,5-Tri-O-acetyl-p-lyxofuranosyl chloride 58

2,3,4,6-Tetra-O-acetyl-p-galactopyranosyl 188
bromide

2,3,5-Tri-O-acetyl-L-arabinopyranosyl bromide 188

2.3,5-Tri-O-benzoyl-p-ribofuranosyl chloride 188

3,5-Di-0-(p-toluyl)-2-deoxy-D-ribofuranosyl 188
chloride

B1s-(TRIMETHYLSILYL)-THYMINE

2,3,4,6-Tetra-O-acetyl-a¢-p-glucopyranosyl 55, 56,
bromide 188

2,3,5-Tri-O-benzoyl-¢-D-arabinofuranosyl 58
bromride

2,3,5-Tri-O-acetyl-p-lyxofuranosyl chloride 58

2,3,4,6-Tetra-O-acetyl-n-galactopyranosyl 188
bromide

2,3,5-Tri-O-acetyl-L-arabinopyranosyl bromide 188

2,3,5-Tri-O-benzoyl-p-ribofuranosyl chloride 188
3,5-Di-O-(p-toluyl)-2-deoxy-p-ribofuranosyl 188

- chloride

BIs-(TRIMETHYLSILYL)-N-ACETYLCYTOSINE

2,3,4,6-Tetra-O-acetyl-a-D-glucopyranosyl 55, 56
bromide

2,3,4,6-Tetra-O-acetyl-p-galactopyranosyl 188
bromide

2,3,5-Tri-O-acetyl-L-arabinopyranosyl 188
bromide

Bis-(TRIMETHYLSILYL)-N-BENZOYLADENINE

2,3,4,6-Tetra-O-acetyl-a-D-glucopyranosyl 56, 57
bromide
2,3,5-Tri-O-acetyl-p-ribofuranosyl chloride 55

Bis-(TRIMETHYLSILYL)-HYPOXANTHINE

2,3,4,6-Tetra-O-acetyl-a-D-glucopyranosyl 56, 57
bromide
2,3,5-Tri-O-acetyl-D-ribofuranosyl chloride 55, 56

TETRABIS-(TRIMETHYLSILYL)-URIC ACID
2,3,5-Tri-O-benzoylribofuranosyl bromide 54
Bis-(TRIMETHYLSILYL)-5-HYROXYMETHYLCYTOSINE

2,3,4,6-Tetra-O-acetyl-a-p-glucopyranosyl 188
bromide

B1s-(TRIMETHYLSILYL)-4-ETHOXY-5-METHYLPYRIMIDINONE (2)

2,3,4,6-Tetra-O-acetyl-p-galactopyranosyl 188
bromide

6-TRIFLUOROMETHYL-3,5-BIS-TRIMETHYLSILYLOXY=
as-TRIAZANE

2-Deoxy-3,5-di-O-p-nitrobenzoyl-p-ribofuranosyl 188
chloride

6-BrROMO-3,5-BIS-(TRIMETHYLSILYLOXYL)-as-TRIAZINE

2-Deoxy-3,5-di-O-p-nitrobenzoyl-p-ribofuranosyl 189
chloride
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able to isolate 9-a- and 9-8-nucleosides in case of
adenine®, thymine*® and uracil®.

Direct Condensation of Purines with
Various (Protected) Sugars

The methods used in the synthesis of purine
nucleosides by direct condensation of a base with a
sugar derivative can be classified into two types:
(i) heating fully O-acetylated p-pentoses and
hexoses with various purines in the presence of a
catalyst; and (ii) condensation of the purines with
acylglycosyl halides in a solvent with or without
hydrogen halide acceptors.

Shimadate and coworkers® developed a method
of nucleoside synthesis, which involves heating
1,2,3,5-tetra-O-acetyl-D-ribofuranose  (XXI) with
various purines and a catalyst (e.g. p-toluenesulpho-
nic acid) to yield p-nucleosides (XXII).

Aeo Cly, > P P
+ PURINE

Ofe O on ok

XX1 FLII

Zinc chloride, conc. sulphuric acid®?, sulphamic
acid®s, chloroacetic acid®, bis-(p-nitrophenyl) hydro-
gen phosphate and its methyl derivative®® have also
been used as effective catalysts for the fusion
method.

Goodman and coworkers® obtained after deacyla-
tion both «- and B-nucleosides by the fusion of
6-nonanamidopurine (Q = CH) or 6-nonanamido-
8-azapurine (Q =N) with 1,2,3,5-tetra-O-acetyl-
p-xylose (Chart 2).

NH co(eHy ) CH;
;)' - Reo chl,~
arrez
' \ Ok DCAGE!".AY
S
NMy. Niz
~ N
c"/ \\Q \)
HOoCh 0 HOCHy
+
oH ov

Q=CH; Q=N

Chart 2 — Preparation of x- and B-nucleosides by the fusion
method
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Non-catalytic fusion® of 1,2,3,5-tetra-0-acet§r‘-
B-p-ribofuranose with 6-chloro-, 6-iodo-, 6-cyano-,
2-chloro-6-iodo-, 6-chloro-2-iodo- and 2,6,8-trichloro-
purines gave the corresponding ribonucleosides in
10-67 per cent yields.

Schramm et al.%® observed that thg/r::.;ﬂ,uadtxon
of adenine with D-ribose in the piésence of poly-
phosphate ester gave adenosi,<. The synthesis of
2'-deoxyadenosine using pl’ryphosphat(, ester has
been shown to give a mixture of at least six
products®.

Direct Condensation of Purines with
Acylglycosyl Halides ==

When adenine was reacted with 2,3,5-tri-
0-benzoyl-p-ribofuranosyl bromide (R=Bz; X=Br)
in acetonitrile, the 3- and 9-isomers of (2',3’,5'-tri-
O-benzoyl-g-D-ribofuranosyl)-adenine (R = Bz) was
obtained in 25 and 18 per cent yields respectively™
(Chart 3).

3

RoCHs My

L —

oR.0R L

';m‘ N

o a0

N
Roch o o

+

6R oR OR OR

R = Re or gz
x=zcl or Br

Chart 3 -— Synthesis of 3- and 9-isomers of (2',%',5"-tri-O-
benzoyl-B-n-ribofuranosyl)-adenine

Condensation  of  2,3,5-tri-O-benzyl-p-arabino-
furanosyl chloride (XXIII) with N-benzoyladenine
in the presence of molecular sieve (Fisher Scientific
Co., USA, type 4A, { in. pellets) in dichloro-
methane gave after debenzoylation 9-(2',3',5'-O-
benzyl-¢-D-arabinofuranosyl)-adenine? (XXIV).

NHy.

(V13 ¢
BzLock. ,

oy

.

L

XXIv

BzloCh o

l »
018z

XXIII
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NHR:
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“,'\ N\
X
" ke NH; Bz feoth
07 i, Mg (cN)y 1w
o + )m/} .’—'., ofic
. e \, NITROMETHANE |
ofe - ~ Ohe

Chart 4 — Synthesis of a 9-nucleoside by the method of
Yamaoka ¢t al.”®

Yamaoka ef al.™ developed a method, which
involved the direct condensation of certain purines,
such as free N-acyladenine, chloropurines, theophyl-
line, N®-benzoylcytosine, and benzimidazole with
acylglycosyl halides in nitromethane containing
hydrogen halide acceptors [Ag,0, Hg(CN),, Zn(CN),,
AgCN or KCN] to give the corresponding crystalline
9-nucleosides in yields 20-40 per cent higher than
the conventional processes. This method also elimi-
nates the step for formation of the metal salts
(Chart 4).

A nucleoside, gentibiose (XXVI), containing a
disaccharide, has also been prepared by adopting this
procedure.

cHfe » oL
\o—§h CN).
Q 0 Wy or HENS
0Ohe o /k\ NITRO METNAVE
A Y <@ (42 o
Ohe ofe
. XXV
“ oL
(4
UhOA o—CHhe
/——o
okc ok
AeO AcO
ofe ohe
XXVI

Nucleoside Interconversions

By oxidation — An interesting path to the nucleo-
sides of 3-amino-3-deoxyaldoses has been found by
Fox and coworkers™ 7. Periodate cleavage of
uridine produced a dialdchyde without breaking
the glycosidic linkage. Addition of nitromethane
led to renewed cyclization. After reduction of the
nitro group, 1-(3'-amino-3'-deoxy-3-p-glucopyranosyl)-
uracil was obtained (Chart 5).

Treatment of adenosine with metaperiodate fol-

’]gwed by condensation with nitromethane yielded a
mivtrre of 3'-deoxy-3'-nitrohexopyranosyl adenines

“Rhie". were converted to 3’-amino-3'-deoxyhexo-
pyranosyl nucleosides (Chart 6).

o
°
HN s
‘OIS
6N OJ\
HOCH o HoChy N L NaoW, chzno,
1o . .79 2. RcOH
CH-cH
oH oH o &
o
hi
HN

i
A

N
eH:0H i N
O] Fmerniy) o
. o, ? b,
HO
0
oM =

OoH

Chart 5 — Preparation of a nucleoside of 3-amino-3-deoxy-
aldose by the method of Fox and coworkers?s-7

Ny N, A,

N N
O S A,
con

ek |
”JP“ O,
}—o uc@ i
Ho oV

oH oM
Chart 6 — Synthesis of 3’-amino-3’-deoxyhexopyranosyl
nucleosides

By anhydronucleosides — The use of anhydro-
nucleosides as a route for preparing other pyrimidine
nucleoside analogues have been used by Michelson
and Todd? for the conversion of 02,3!-cyclothymidine

(XXVII) to 1-(2"-deoxy-8-p-threo-pentofuranosyl)-
thymine (XXVIII).
o

]

oy n
4 "y

Hoa, © Hccn,_o//\hr

L ")

—_
XXVII XXVIII
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/T"
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Chart 7 — Synthesis of spongothymidine
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This method has been extended™ to the synthesis
of spongouridine.

Fox et al.™% synthesized ‘ spongothymidine * by
virtue of the epimerization sequence (Chart 7).

The anhydronucleoside process has also been used
for replacing the oxygen atom at C-2 of the agly-
cone residue with other substituents. Thus,
2',3'-O-isopropylidene-02,5’-cyclouridine (XXIX) is
readily hydrolysed to 2’,3'-O-isopropylideneuridine.

°
Hock
N;:f
s
\ Yo
XXX XXXT
wl,
s
NeSET HoCHy
I \
HN
oJ‘ XXXII
CoMgS Cle
rz XXXIII

Treatment of the cyclouridine (XXIX) with
methanolic ammonia at room temperature afforded
(XXX) which on prolonged treatment with metha-
nolic ammonia gave (XXXI); compound (XXIX)
with hydrogen sulphide plus triethylamine in DMF
or with sodium thioethoxide gave (XXXII) and
(XXXIII) respectively®!. Similarly, 022!-cyclouri-
dine gave the 3'-deoxyuridine®! (Chart 8).

The 2'-O-tosyluridine derivative (XXXIV), when
reacted with sodium iodide, is converted into the
2'-iodonucleoside (XXXV), which upon reduction
under alkaline conditions, yields 2'-deoxyuridine
(XXXVI)8283,

The synthesis of 5'-amino-5'-deoxyuridine from
uridine has been achieved® (Chart 9). Conversion

412

0 o 3
W e
HN
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ﬂocla vk |
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- /‘J

Chart 8 — Synthesis of 3’-dcoxyuridine
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R=Hor Ac _, .as .
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Chart 9 — Synthesis of 5’-amino-5'-deoxyuridine
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)
(]

Hock,

oH
XXXVI

of thymidine to 5'-amino-5’-deoxythymidine by a
similar sequence has also been effected.

Mesylation of 3'-O-acetylthymidine affords 3'-O-
acetyl-5'-O-mesylthymidine which on deacetylation
with methanolic ammonia gives 5'-O-mesylthymi-
dine®® (Chart 10). Similarly, mesylation of 5'-O-tri-
tylthymidine gives 3’-O-mesylthymidine. Treat-
ment of 5-O-mesyl-02,3'-cyclothymidine with aq.
alkali effects ‘aryl-oxygen’ fission of the anhydro
bond with the formation of 1-(2’-deoxy-3’,5-epoxy-

o o (+]
M,
Hﬂ}jcm "" " uu e
H
CII MesoC s
Noch ok J HesOChy e,

[ o
oYy h
|
ol O/\J oJ\
MeSOCH, MeSOCH ke
- S =y
MeSO
o
HN i
~
o
MO‘”zo
ot

-

hart {1 —Synthesis of 1-(2-deoxy-B-n-threo-pentofuranosyl) -
thymine

g-p-threo-pentofuranosyl)-thymine. Cleavage of the
epoxide ring with dil. sulphuric acid yields 1-(2-deoxy-
g-n —tkreo-pentofura.nosyl) -thymine®® (Chart 11).

Treatment of 5’-O-trityluridine with thio-carbonyl-
diimidazole gives 2-(2-anhydro-1-(5"-O-trityl-B-D-
arabinofuranosyl)-uracil, which on de-tritylation and
treatment with dil. alkali yields 1-3-p-arabinofurano-
syluracil$? (Chart 12). 3’-Amino-3'-deoxythymidine
has been synthe51zed by the reduction of the cor-
responding 3'-azido derivative over platinum oxide®®
(Chart 13). The synthesis of 2',5'-dideoxycytidine
and other derivatives of 2’ deoxycytldme has been
reported recently starting from 2'-deoxy-5'-O-
tritylcytidine®® (Chart 14).

Tyro {2 TroCH
—_— —_—
oN OH [(+) ?
N
L 1
S :d
(]
H
b X
Tr oa;,xz 0 Hock,
_— [’
oH oN

Chart 12 — Synthesis of 1-B-p-arabinofuranosyluracil
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Chart 13 — Synthesis of 3’-amino-3’-deoxythymidine
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c series, R = OH, R' = 0Bz, R" = CH,

Chart 15 — Synthesis of pyrimidine nucleosides by thiation procedure
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Cytidine (XXXVII) has been oxidized to cytidine
3-N-oxide (XXXVIII) with m-chloroperbenzoic
acid®.

By thiation of pyrimidine nucleosides — A number
of pyrimidine nucleosides have been synthesized by
Fox et al.®* (Chart 15) by use of the thiation pro-
cedure. Other thiation reactions have recently
been reported®® (Chart 16).
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Chart 16 — Thiation reactions in the case of certain nucleosides
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Conversion of Pyrimidine or Purine Moiety:
Halogenation of Nucleosides -

Conversion of pyrimidine nucleosides to 5-substi-
tuted analogues was reported originally by Levene
and LaForge®® who prepared 5-bromouridine by
treating uridine with bromine water, which on
treatment with liquid ammonia gave 5-aminouri-
dine™. 5-Chloro-%, 5-iodouridine-*¢ and 5-hydroxy-*
analogues were also prepared.

Recently,  1-(2'-deoxy-B-p-lyxofuranosyl)-5-iodo-
uracil (XL) has been synthesized from 1-(2'-deoxy-
B-p-lyoxofuranosyl)-uracil (XXXIX) and iodine in
the presence of N-nitric acid®. P

o

o o
|
g 'y’
1
g e ‘\'J
uof‘b. wo dﬁ_z |
M JOWNE
Hm_:,
XXXIX XL

Halogenation of 1-arabinofuranosyl- or a poly-
O-acylated 1-arabinobinofuranosyl uracil gave 5-halo-
uracil derivative®. Iodination of 2'-deoxycytidine
(XLI) in the presence of iodic acid gives 5-iodo-
2'-deoxycytidine (XLII) and 5,6-dihydro-5,6-diiodo-

5 =
LA E

deoxyuridine (XLIII)®.
w,
e
OQ aJ\ y I:T

N
:of]l : | ok
Hock o Tobdlc Acld Nolky + 0. e
on oN *
LI

on
<

XLII XLIII

Bromination of acetyl derivatives of adenosine,
deoxyadenosine, guanosine and inosine yield, after
deacetylation with ethanolic ammonia, the corre-
sponding  8-bromopurine nucleosides!®. N-Iodo-
succinimide in the presence of catalytic amount of
n-butyl disulphide acts as an iodination agent.
Thus, guanosine and xanthosine were converted
into the corresponding 8-iodo derivatives!ol,

Hydroxyl groups in the heterocyclic ring can be
replaced by chlorine using N,N’-dialkylchloro-
methylene ammonium chloride as chlorinating agent,
e.g. 6-chloro-9-(3-p-ribofuranosyl)-purine was ob-
tained, starting from the 2',3',5"-tri-O-acetyl deriva-
tive of inosinel%2,

Hydroxyl groups in the sugar can be replaced Ly
iodine using triphenyl phosphate methiodide and
triphenyl phosphite diiodide as iodination agents®s, "
The following compounds have .been prepared by
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R = Alkyl; R’ = Sugar

this method: 5’-deoxy-5"-iodo-2’,3'-O-isopropylidene-
uridine, 5'-deoxy-5'-iodouridine, 5'-O-acetyl-3"-deoxy-
3' - 10¢~thymidine, 3’ - deoxy - 3’ - jodothymidine,
3’ - deoxy - 3’ - iodo - 5’-O-p-nitrobenzoylthymidine,
3',5'-dideoxy-3',5'-diiodothymidine, and 2',3',5'-
trideoxy-3',5’-diiodouridine.

4-Alkoxy-2(1H)-pyrimidone derivatives (XLIV)
are converted to the corresponding cytosine (XLV)
with ethanolic ammonia!?4:1%,

Fischer and Helferich®® were able to prepare the p-
glucosyl analogues of adenine and guanosine by the
appropriate transformations of 2,6-dichloro-9--p-
glucopyranosyladenine.

The chlorine atoms in the 2- and 6-positions of
the nucleoside are much more reactive than the
chlorine atoms of 2- and 6-chloropurine. Further-
more, the 2-chlorine in the dichloro-nucleoside is,
in certain reactions, less reactive than the 6-chlorine
atom. Hence, nucleophilic substitution of chloro-
purine nucleosides has permitted the preparation of a
large variety of purine nucleosides (Chart 17)42106-115,

The synthesis of 9-8-p-ribofuranosyl uric acid
has been accomplished in several steps from guano-
sine (Chart 18)6, 2-Amino-9-3-p-ribofuranosyl-6,8-
purinedione was also synthesized.

Refluxing aq. hydrazine and 8-bromoguanosine
yields 8-am‘noguanosine, the first reported 8-amino-

Jpurine nuc'zoside. 8-Aminoadenosine was also pre-
paréi niom 8-bromoadenosine via 8-azidoadenosine

+ whkich was converted to (I) by catalytic reduction
«Cha:t 19)118,

The synthesis and cleavage of the cycloadenosine
derivative has been investigated (Chart 20)!15.

An alternative synthesis of 2’,3"-dideoxyadenosine
has recently been reported (Chart 21)17

3'-Amino-3'-deoxyadenosine (XLVI) has been
oxidized to 3'-amino-3'-deoxyadenosine-1-N-oxide
(XLVII)1s,
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Chart 17 — Synthesis of some purine nucleosides
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Chart 18 — Synthesis of 9-8-p-ribofuranosyl uric acid
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Chart 19 — Synthetic routes for obtaining 8-aminoadenosine
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[ Chart 20 — Synthesis and cleavage of the cycloadenosine
derivative of 8-aminoadenosine
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Chart 21 — Synthesis of 2/,3-dideoxyadenosine
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2',3'-Unsaturated Nucleosides

The action of aq. sodium hydroxide on 2'-deoxy-
3',5'-di-O-(methylsulphonyl)-uridine (XLVIII, R=H)
gave (XLIX, R=H). Treatment of (XLIX, R=Me)
with potassium tert-butoxide (2 equiv.) in DMF
yielded the 2',3"-unsaturated nucleeside (L)1?,

(] o °

O a e e
O% 0//\” OJ\NJ
Y
XLIX L

_ Stevens et al.’®® obtained the unsaturated nucleo-
side (LI) by the following sequence (Chart 22):

¢ <
Ho-che Ayo"""
ﬁ oGl —— Zj:LZ .-
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Chart 22 — Synthesis of the unsaturated nucleoside (I.1) ~

Other Derivatives of Nucleosides

Furoylation of adenosine with Z-furoyi chloride
gives  6-furoylamino-9-(tri-O-furoyl-2-p-ribofurano-
syl)-purine, which on reduction yields 6-furfuryl-
amino-9-(3-p-ribofuranosyl)-purine (Chart 23)!2!,

o= U—co- "

23 —Synthesis  of  6-furfurylamino-9-(8-p-ribo-
furanosyl)-purine g

Chart



GARG: METHODS IN NUCLEOSIDE SYNTHESES

Condensation of guanosine, uridine or cytidine
with benzaldehyde in the presence of zinc chloride
at low temperature (0-5°) gave the protected
nucleosides as shown below!22;

HotH: O R Ho Ck R
OH oH 0O o

X
R R
R = Guanyl, Uracilyl or Cytosilyl
R’=Ph and R,= H

r”z F Nk - “"‘ ”
N
QR Qb QO
XK c’m& X R
P, o 6 ol o
Ne Mo I'is“ J
LIII
LII Ly
X =p-MeC H, S0,

. The isomerization of 5'-0-p-tolysulphonyl-2’,3"-0-
isopropylicene adenosine (LII) to a cyclonuclepside

» salt (LIJT, X =p_MeC¢H,S0,), occurring in nucleo-

philic substitution reactions,

can be avoided by
N-acylation, which -

allows various exchange re-

="actions!23,
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REVIEWS

AN INTRODUCTION TO ELECTRONIC COMPUTERS by
Gordon B. Davis (McGraw-Hill Book Co. Inc.,
New York), 1965. Pp. 541. Price $ 9.75

Electronic digital computers are increasingly playing
a vital role in the day-to-day life in industrially
advanced countries. In India, the computer industry
is bound to gather momentum in the near future.
It is, therefore, very important that the scientists
and the professional engineers should receive proper
training in computer sciences at graduate and
post-graduate levels in the universities and institutes
of technology. This book, therefore, is a very
welcome arrival from the point of view of the
teaching profession.

The book is an excellent introduction to both the
hardware as well as software aspects of digital
computers. The text avoids both the shallowness
of the brief introduction approach and also the
narrowness of the approach which ties the student
to asingle computer. The division between hardware
and the software is almost half to half, which is
desirable to avoid tendency to emphasize only one
aspect. The first four chapters deal primarily with
machine organization. The next few chapters deal
primarily with machine-oriented instructions and
provide excellent text for understanding these aspects.
Chapters 11 through 15 cover problem-oriented
languages, namely Fortran and Cobol in a very lucid
manner, providing numerous problems for home study
and self-instructions. The entire treatment of the
text is non-mathematical, simple and direct in its
approach with plenty of illustrations to bring home
the specific point in a simple manner, and for easy
understanding of the text. The other special features
of the book are a chapter on ‘ evaluating computers ’,
which is rather interesting and chapter 17 which
presents future trends in computer hardware and
software. Another interesting feature of the book
is the information contained in the 4 appendices which
ranges from a list of computer manufacturers to
‘ data processing management association certificate
programmes .

All in all this book has substantially contributed

in filling up the pressing need for a good text at the -

undergraduate level for self-study and regular
instructions. The book is highly recommended
both for the students and for the teacher.

P. K. PATWARDHAN

PLAsMAS — LABORATORY AND CosMmic by Forrest I.
Boley (D. Van Nostrand Co. Inc., New York),
1966. Pp. 154. Price $ 1.75

This book is one of the publications in the ‘ Momen-

tum Series’ published for the Commission on

College Physics. It gives an excellent presentation

of the fundamental characteristics of laboratory

and cosmic plasmas of current interest. The
physical concepts are developed systematically and
mathematics is kept to a minimum. Besides deal-
ing with the general properties of plasmas, the
book deals with instabilities, plasma waves, high
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temperature laboratory plasma .and controlled
thermonuclear fusion experiments. The naturally
occurring plasmas discussed are the sun, solar
wind, ionosphere and plasma beyond the solar
system. This book is one of the best which have
appeared on the subject and can be recommended
even to a reader who is not a specialist in this branch
of physics.

F. C. AuLuck

PROCEEDINGS OF THE SUMMER SEMINAR IN MAGNETO-
HYDRODYNAMICS edited by P. L. Bhatnagar
(Indian Institute of Science, Bangalore), 1965.
Pp. ix4376. Rs 12.50

The proceedings embody the review talks and
original papers presented at the Summer Seminar
in Magnetohydrodynamics held in May 1963 at
the Department of Applied Mathematics, Indian
Institute of Science, Bangalore, under the direction
of Prof. P. L. Bhatnagar. There are eighteen good
reviews on some of the outstanding problems like
wave propagation, stability pinch effect, motion of
charged particles, plasma oscillations and sunspot
magnetic field. Attempts have been made to dis-
cuss these topics both from the fluid and the
kinetic approach. Nine original papers dealing with
various problems of magnetohydrodynamics are also
reported.

The book gives an excellent review of the subject
from the theoretical point of view and can be
recommended to a beginner on the subject of
magnetohydrodynamics. .

F. C. AuvLuck

-
INTERACTION OF METALS AND GASES: Vol. 1—THERMO-
DYNAMICS AND PHASE RELATIONS by J. D. Fast
(Philips Technical Library, Eindhoven; Distribu™
tors for India, Burma and Pakistan: B. 1. Publica-
tions, 359, D. Naoroji Road, Bomtay 1), 1963.

Pp. x+302. Price Rs 40.00
The book under review by J. D. Fast, the Chief
Metallurgist of the Philips Research Laboratories
which deals mainly with thermodynamics and
phase relations with reference to the interaction of
metals and gases, covers cogently and briefly the
available extensive material in the literature on
the broad important subject of metal-gas problems.
The aim as the author opines is to bring out a
text-book for the student of metallurgy and a
guideline to the practising industrial metallurgist
and chemist.

The subject in the first volume has been con-
veniently divided into 9 chapters, the first being
mainly a simple introduction to thermodynamics,
which is very well presented. The concept of
chemical equilibrium, based on chemical affinity
and potential in chemical reactions is explained
next, which is followed by a detailed explanatios,
of procedure for the calculation of equilibrium with
very useful practical examples. Typical cases of*
attack of metals by gases resulting in the formation
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of new ph’a‘ses, selective and internal oxidation and
porosity are discussed at length. Also serious
deleterious effects like the loss of ductility, brittle
failure and peculiar difficulties caused by the pre-
sence of the gases in the metallurgy of steel, copper,
tungsten, titanipm, zirconium, molybdenum, vana-
dium, hafnium, niobium and tantalum are explained
and discussed. The utilitarian aspect of the inter-
action of metals and gases for such useful metal-
lurgical processes like case hardening of certain
types of steels, production of grain oriented magnetic
steel, and ‘getters’ in high vacuum application is
also dealt with lucidly.

Well presented, this book is a must for the serious
researcher in the metal-gas reactions as well as to
the practising metallurgist and chemist.

A. A. KRISHNAN

MOLECULAR SYMMETRY : AN INTRODUCTION TO GROUP
THEORY AND ITs Uses 1N CHEMISTRY by D. S.
Schonland (D. Van Nostrand Co. Inc., New York),
1965. Pp. xii+298. Price 70s.

Although the value of group theoretical methods for

the study of molecular properties is now well recog-

nized, among chemists the actual number of users
of this powerful tool has remained limited. This has
been apparent because most of the books on group
theory are addressed to mathematicians and physi-
cists and they assume too much by way of mathe-
matical background. The nced for a book that
appeals to the chemist has been only partly satisfied
by the publication of Cotton’s Chemical applications
of group theory. The effort that Dr Schonland has
made to address students of chemistry on this
abstract subject is, therefore, most welcome. The

mathematical background he assumes is that of a

raduate student who has had a first course in
quantum mechagics. The book is intended to
help. those ‘who, without calling themselves
theoreticians ', would like to make practical use
of the theory and it may be said at the very outset
“that the author has largely achieved his aim.

After an introduction to the scope of the book,
the basic principles are set forth in six chapters

(second to seventh) covering 138 pages. The

development follows the natural sequence. The

reader is first introduced to symmetry operations
and molecular point groups. The mathematical
framework necessary for the discussion of symmetry
properties is developed next. The other stages in
the sequence are matrix representation of symmetry
operations, reducible and irreducible representations
and their properties, and, finally, the use of re-
presentation theory in quantum mechanics. Once
the theoretical section is properly digested, the
reader should experience no difficulty in following
the applications discussed in the last three chapters
entitled ‘ Molecular vibrations ’, * Molecular orbitals ’
and ‘ Electronic spectra’. The examples chosen
for discussion in the last two chapters are mainly
those of benzene and transition-metal complexes.
The author has presented the material in a good
pedagogic style and not as a set of definitions and
theorems. There has been no loss of rigour how-
ever. The policy of discussing ‘a few things in
fair detail’ has produced a book that does not

neglect depth of understanding for the sake of
variety. The problems given at appropriate places
and the mathematical appendices attached, includ-
ing a long list of character tables, serve a useful
purpose. The book is recommended highly to all
chemists interested in the applications of group
theory.

P. MADHAVAN NAIR

THERMAL NEUTRON SCATTERING by P. A. Egelstaff
(Academic Press Inc., New York), 1965. Pp. xv
+523. Price 115s.

The book deals with many interesting aspects of

thermal neutron scattering by solids and liquids

leading to a study of the dynamical motion of atoms
in the condensed state of matter. The book com-
bines both experimental and theoretical aspects of
the problem suitable for post-graduate students and
researchers in this field. The first chapter summa-
rizes the theoretical aspects of neutron scattering,
both elastic and inelastic, from condensed matter.

The next three chapters deal extensively with

instrumentation, while the rest of the book gives a

comprehensive summary of the results achieved so

far in various fields of application. Among the
applications are the study of thermal vibrations of
crystal lattice, spin waves in ordered magnetic
substances, dynamics of molecular motion and the
dynamics of atomic motion in liquids. The various
chapters have been contributed by people who
have specialized in those particular fields and the
book has been edited in a very useful fashion.

It will prove to be creative reading to solid state

physicists in general.

P. K. IYENGAR

MecuANICAL WORKING OF STEEL II: Vol. 26, edited
by T. G. Bradbury (Gordon & Breach Science
Publishers, New York), 1965. Pp. ix+-542.
Price $27.50 (cloth); $ 14.50 (paper)

The present volume, which is a continuation of the

series started two years back, contains papers

presented at the conference held at Chicago during

30-31 January 1964. The papers deal with bar and

semi-finished products of the free machining quali-

ties, flat rolled products and pipe and tubular pro-
ducts. While the articles on role of oxygen in
free cutting steels and factors affecting the machin-
ability of free machining steels are of considerable
practical interest both to practising metallurgists
as well as to mechanical engineers concerned with
machine shop practice, the subjects tend to be of
specialized interest to some restricted aspects of the
problem of machining of steel. The paper on
measurement of machining performance in_steels
is an exhaustive study of different test procedures.
The chapter on flat rolled products dealing with
the metallurgical aspects of cold rolled products
such as ‘recrystallization behaviour effect of the
rolling load * throws new light on the present know-
ledge in this field. The two articles on ageing of
flat rolled steel products as investigated by electron
microscopy and the strain ageing, quench ageing
and magnetic ageing in low carbon steel are reports
on a detailed study of the problem which is engag-
ing the attention of steel sheet and strip producers
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all over the world. The third part of the book
deals with current matters of interest to all pipe
and tube manufacturers. The article on continuous
casting process and the suitability of continuous
cast blooms for pipe making will support some
of the claims made for the continuous casting
process.

The volume will be a very useful addition to a
technical library as it makes a useful contribution
on the current knowledge on the mechanical work-

ing of steel.
K. N. P. Rao

ALLOYING BEHAVIOUR AND EFFECTSIN CONCENTRATED
SoLip SorutIons: Vol. 29, edited by T. B. Massalski
(Gordon & Breach Science Publishers, New York),
1965. Pp. ix+445. Price $ 22.50 (cloth); $ 9.50
aper)

This is a collection of eight articles of widely vary-

ing lengths, but representing a fairly consistent

body of material. The time elapsed between the
symposium and the publication is over two years.

This, although surprising, does not mean that the

articles are that much out of date. Most of them

contain references to papers published in 1964.
The first three of these (by Cohen, Rayne and

Blandin respectively) deal with electronic properties.
Cohen’s article (The electron theory of simple metals
and alloys) will be hard and somewhat abstruse
reading for most metallurgists and experimenta-
lists if only because it is too terse. To these the
other two articles will be more useful since they
compare experimental results with theoretical deduc-
tions at every stage.

King’s article on atomic volume and size correla-
tions effectively demonstrates that the mean volume
per atom in a solid solution is independent of the
coordination number. Haasen’s article on structural
defects in solid solutions is extremely readable
and, among other things, nicely summarizes the
known interactions between dislocations and solute
atoms. Duwez’s article presents some new ideas
on metastable solid solutions. Those who deal
with solid solutions every day will find much useful
information in all these articles.

But the highlights of the collection are the exhaus-
tive articles by Christian and Swann (Stacking
faults in metals and alloys, 165 pp.) and Sato and

Toth (Long period superlattices in alloys, 125 pp.). .

The former is a masterly review of the present
knowledge of that elusive if not obscure property:
stacking fault energy. It also beautifully illus-
trates the close relationship between mechanical
properties and conduction electrons. Sato and
Toth’s article is a fresh attempt to discuss the rela-
tive stabilities of the basic and long period super-
structures in terms of the electron energy and the
antiphase boundary energy.

Thirty years ago Mott and Jones said, in their
now famous book, that the work of Taylor (1934,
introducing dislocations as agents of plastic deforma-
tion) “inspires the hope that soon it may be poss-
ible to apply the methods of atomic physics to the
property of metals which is of the greatest technical
importance, namely that of strength”. The book
under review is witness to the continual fulfilment
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of that hope. If there is one single thing that the
book may be said to emphasize, either directly or
by implication, it is that, as said in the editor’s
preface, the electronic theories ~* imperfect struc-
tures must also include dislocations and stacking
faults. And this is a very welcome emphasis.

A. S. PARASNIS

THEORY OF OPTIMUM AERODYNAMIC SHAPES edited
by Angelo Miele (Academic Press Inc., New York),
1965. Pp. xix+454. Price $16.50

Subtitled ‘ External problems in the aerodynamics
of supersonic, hypersonic and free-molecule flows’,
this publication is timely, indeed overdue, being
the first attempt at presenting a coherent and well-
organized picture of the considerable advances
achieved in this field over the past twenty years or
less. The problem of the design of optimum two-
and three-dimensional shapes for minimum drag at
supersonic speeds has become increasingly important
to the aerospace vehicle designers, and the remark-
able success of mathematical techniques in this
application has made it one of the relatively few
areas in aerodynamics where theoretical results
have been of such direct interest to the practical
engineer.

The first part of the book provides an engineering
introduction to the calculus of variations as the
basic mathematical key to the later parts. The
application of the mathematical tool and some basic
results in the domains of linearized and non-linea-
rized supersonic flows for minimum drag design of
two- and three-dimensional wings and bodies of
revolution are given in the next two parts, which
also include an interesting exercise in the design of
maximum-thrust rocket nozzles. This is followed
by the consideration of slender and non-slender
shapes at hypersonic speeds and in free-molecule
flows in the final three sections. .

The book is essentially a compilation of original
contributions, but careful editing by Prof. Miele,
who has himself contributed significantly in this’
field, has enabled a degree of uniformity to be
achieved in the overall presentation. The book
is unhesitatingly recommended as a reference to
workers in the field, and to a lesser degree, as a
classroom text in view of the advanced level of the
treatment.

D. M. Rao

Hice Speep PuLst TecHNoLoGY: Vol. I — Capa-
CITOR  DISCHARGES-MAGNETOHYDRODYNAMICS—
X-RAYS-ULTRASONICS by Frank Friingel (Academic
Press Inc., New York), 1965, Pp. xiii+620.
Price § 24.00

Very rarely one comes across a scientific work

which is so expertly written and encompasses such

variety of diverse applications in a single volume as
the treatise produced by Dr Frank Friingel which
presents the entire field of capacitors and their
associated circuitry in relation to high voltage and
high current pulses. The original text is in German
and has been expanded almost 60 per cent in the

English version. The translation of the original

German work into English has been done exceedingly

well.
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The text s rich in its scientific content and covers
detailed dgiiberations on diverse subject matter
such as MHY), plasma guns, high temperature pheno-
mena, exploding—vires, high magnetic fields, shock
waves, metal forming techniques, etc. These
things have been treated in a phenomenological
way by the author with excellent illustrations and
direct approach in the method of treatment of the

" entire subject. The subject matter is lucid and
should be very useful to both the students and
the professional as a text as well as a reference
work.

Vol. T is divided into 10 chapters covering 500
and odd pages with three chapters in the second
volume. The author has touched upon basic con-
siderations in respect of capacitors in various simple
circuits and then gone on to switching techniques,
line conductors, conversion of capacitor energy to
voltage pulses and interesting applications, such as
X-ray flashes, neutron generators, high temperature
plasma, creation of very intensive magnetic fields
and metal forming.

The second volume deals with fast nanosecond
techniques at high power levels and general high
speed cinematographic and communication tech-
niques, including laser applications.

Another very important feature of the book is
its excellent scientific bibliography covering over
1000 references to original works. The subject
index is very detailed and runs into some 15 pages.
Indeed the author deserves congratulations and
thanks for not only bringing out such a classic but
for completing it, as Prof. Edgerton points out in
his foreword.

P. K. PATWARDHAN

THE BIOCHEMISTRY OF ANIMAL DEVELOPMENT:
° ¥Yol. I — DESCRIPTIVE BIOCHEMISTRY OF ANIMAL
FEVELOPMENT edited by Rudolf Weber (Academic
Press Inc., Newe York), 1965. Pp. xiii{648.
\ Price §23.00
' The two-volume treatise proposes to provide an
introduction to a biochemical interpretation of
developmental mechanisms.

Vol. I .which covers descriptive biochemistry of
animal development is divided into three parts:
(1) Biochemistry of ovum and fertilization, (2) The
role of biochemical patterns in embryogenesis, and
(3) Informational molecules and embryonic de-
velopment. J. Brachet presents a clear picture of
the history of chemical embryology. J. Williams
reviews the chemical constituents and physiology
of the eggs. Although much is known of the
physiology of eggs, the submolecular constitution
of the eggs or of the control mechanisms regulating
cytodifferentiation of the mosaic eggs is not well
known. Alberto Monroy gives an excellent review
of the biochemical aspects of fertilization, with
particular reference to changes in metabolism.
The general suggestion is made that maturation of
the egg inhibits the metabolic activities residing in
the cytoplasm and the nucleus; fertilization may
remove the repressor(s) resulting in an expression
of the nuclear genetic system.

One of the most complex aspects of embryogenesis
is the progressive differentiation of many types of

cells from a single fertilized egg. The differentia-
tion of structures dependent on the development of
enzymes, activation of genes and DNA-dependent
RNA and protein synthesis as a result of response
to intrinsic and extrinsic factors acting on the
chromosomal apparatus, have been ably discussed
at length by Tryggve Gustafson, J. R. Collier,
E. M. Deuchar, Florence Moog, J. B. Solomon,
Matthys Staehelin and Philip Grant. The repressor
control circuits suggested by Jacob and Monod and
the relationship of allosteric inhibition of enzymes
serves as an important working hypothesis for the
analysis of development. This, however, may not
be the only mechanism accounting for sequential
changes seen during development. This volume
marks a landmark in our understanding of the
biochemistry of the intricate processes of early
development and differentiation. There is no doubt
that this book will be most valuable to all interested
ih the subject.

M. R. N. Prasap

PHYSICO-CHEMICAL TECHNIQUES OF ANALYSIS: Vol. I,
by P. B. Janardhan (Asia Publishing House,
Bombay), 1965. Pp. viii+356. Price Rs 32.00

This text-book is primarily intended for the student

who has a genuine interest in instrumental methods

of analysis. There are not many books written by

Indian authors on the level of this text. The con-

tention of the author that every topic in this

book has been developed right from its elementary
stage may, however, be questioned. During the
past decade few branches of research in chemistry
have experienced the rapid advances comparable
to those associated with the technique of analysis.

The compact treatment in this book of the modern

methods of instrumental analysis provides a

theoretical background as well as some useful

practical details.

The topics dealt with in consecutive chapters are:
absorptiometry, conductometric and high frequency
analysis, chromatography, spectrography, Raman
spectroscopy, mass spectrometer, X-ray methods of
analysis, and magnetography. Index and numerous
references in the text are adequate for advanced
reading.

It is difficult to assess the quality of a text-book
without giving it a fair trial in a regular course of
teaching at the advanced level. Out of the topics
incorporated in this book there are some which are
quite comprehensive, while the presentation of others
could probably be improved. A typical example
is the thorough treatment of chromatography and
optical methods of analysis. The chapters on high
frequency titrations, magnetochemical analysis and
coulometry deserve further elucidation. Many of the
diagrams also leave much to be desired. An
elementary treatment of electronic circuits would
have been a welcome addition. This is not, however,
a serious deficiency and the book should find wide
acceptance among teachers and students of analytical
chemistry. Dr Janardhan has managed an excellent
organization of material and the book deserves a
place in all libraries which claim to provide analytical
literature.

G. S. DESHMUKH
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StarcH: CHEMISTRY AND TEcHNoLOGY: Vol. T —
FuNDAMENTAL ASPECTS edited by R. L. Whistler
and E. F. Paschall (Academic Press Inc., New
York), 1965. Pp. xviii4-579. Price $ 22.00

This book is the first of a set of two volumes of a
competent review on various fundamental aspects
of the chemistry and technology of starch and
comprises 21 chapters written by authors who are
recognized for their experience and knowledge of
the subject.

While information about analytical and experi-
mental procedures and specialized methods required
for work on starch and its various fractions has
already been covered by another recent publication
of the Academic Press, forming Volume IV of the
series in ‘ Methods in Carbohydrate Chemistry’,
the present volume is mainly concerned with the
fundamental aspects of starch chemistry in which
information on analytical and experimental labo-
ratory procedures is restricted.

The ficst three chapters of the book deal with the
historical and economic aspects of the starch industry
and discuss its future. This is followed by four
chapters on the occurrence and development of
starch in plants and genetic control of its develop-
ment, minor constituents of starch and fundamental
concepts on the enzymic synthesis of starch in plants
and pathways of enzymic conversion of starch into
D-glucose.

The oligo- and megalosaccharides of starch,
their structural analyses and uses are described in
the next chapter which is followed by a chapter
describing an interesting group of substances known
as cyclomyloses, cyclodextrins or Schardinger
dextrins. These are macrocylic non-reducing
D-glucosyl polymers containing six or more residues
bonded by «-(1—+4) linkages. The method of separa-
tion of members of this group differing in degree
of polymerization is based on the interesting method
of their selective precipitation exploiting the
variation in the diameter of the cavity of the ring.
Fully acylated members of this group have been
used recently as the stationary phase of gas liquid
chromatography and need for further research in
this field has been stressed.

The next two chapters deal with the evidence
on the structure of starch which includes the appli-
cation of X-ray methods. This is followed by

chapters on gelatinjzation of starch, its organic .

complexes, fractionation of starch, physical pro-
perties of amylose and amylopectin in solution and
mechanical properties of starch paste.

Development of low-cost radiation sources has
made it possible these days to utilize radiation for
sterilization of food materials. This has made it
imperative to study the effect of radiation on starch,
which is fully covered by the next chapter, which
includes also the effect of radiation on cellulose and
other polysaccharides.

The last four chapters describe the various de-
gradative and non-degradative reactions of starch.
The non-degradative reactions involve mainly the
esterification and oxidation at C 2, C 3 and C 6
positions leading to interesting and useful products.
The degradative reactions described are pyrolysis
of starch for the production of various types of
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pyrodextrins, acid hydrolysis for the ;production
of p-glucose, other lytic reactions, such a. acetolysis,
hydrogenolysis, hydrozinolysis and methgnolysis and
alkaline degradation of starch. Thjis volume helps
one in having a close look at the rapid advances
which have been taking place in recent years in the
chemistry of starch. It will be a valuable reference
book for carbohydrate chemists and for those who
are concerned with fundamental and applied aspects

of starch chemistry.
The printing and get-up of the book are excellent.
J. L. Bose

PUBLICATIONS RECEIVED

CoMPUTERS IN BloMEDICAL RESEARCH: Vol. 2, edited
by R. W. Stacy & B. Waxman (Academic Press
Inc., New York), 1965. Pp. xix+363. Price112s.

ApPLIED INFRARED SPECTROSCOPY cdited by D. N.
Kendall (Reinhold Publishing Corp., New York),
1966. Pp. xv+560. Price $ 23.00

FrLuipizATION AND RELATED PROCESS — A SyM-
posiuM  (Council of Scientific & Industrial
Research, New Delhi), 1966. Pp. xi+271.
Price Rs 24.00; 48s.; § 8.00

THERMOANALYTICAL METHODS OF INVESTIGATION
by Paul D. Garn (Academic Press Inc., New
York), 1965. Pp. xvi+606. Price $ 19.50

APPLICATIONS OF MASS SPECTROMETRY TO ORGANIC
CHEMISTRY by R. I. Reed (Academic Press Inc.,
New York), 1966. Pp.ix-+256. Price 63s.

Mass SPECTROMETRY edited by R. I. Reed (Academic
Press Inc., New York), 1965. Pp. x-+463.
Price 105s.

RADIATION DAMAGE IN GRAPHITE, International
Series of Monographs in Nuclear Energy, Vol.
102, by J. H. W. Simmons (Pergamon Press
Ltd, Oxford), 1965. Pp. xii+242. Price 80s.

FUNDAMENTALS OF CHEMISTRY: AsMnnrry INTRO-
pucTioN by F. Brescia, J. Arents, H. Meislich
& A. Turk (Academic Pres§ Inc.,, New York),
1966. Pp. xv-}-816. Price § 8.95

PROBLEMS IN ParTICLE PHYsIcs by A. N. Kamal
(McGraw-Hill Book Co. Inc., New York), 1966.
Pp. vii4126. Price 38s. :

VIBRATIONS, WAVES AND DIFFRACTION by=H. J. J.
Braddick (McGraw-Hill Book Co. Inc., New
York), 1966. Pp. x+4217. Price 36s.

Crassical MEcHaNIcs by T. W. B. Kibble (McGraw-
Hill Book Co. Inc., New York), 1966. Pp. xv+
296. Price 42s.

RECENT PUBLICATIONS

RaApiaTioN Brorogy: Part 1, edited by A. Zuppinger
(Springer-Verlag, Berlin), 1966. Pp. 680 approx.
Price $ 60.00

Rap1aTION BroLocy: Part 2, edited by A. Zuppinger
(Springer-Verlag, Berlin), 1966. Pp. 640 approx.
Piice § 57.50

INTEGRATED CircuIT ENGINEERING — Basic TEcH-

NoLOGY by G. R. Madland, R. L. Pritchard, H. K.
Dicken, D.B. Kret, R.D. Richardson, F. H. Bower
and others of the staff of Integrated Circuit
Engineering Corporation, Phoenix, Arizona (Boston
Technical Publishers Inc., Massachusetts), 1966.
Pp. 408. Price § 22.50



A new massive nuclear
particle

The discove==. of the most
mrassive nuclear particle known so
far has beem reported [Phys.
, Rev. Lett.,, 16 (18 April 1966), 16].
The new particle, a nucleon reso-
=gance (observed only in particle
accelerators) known as N*3245,
is three and a half times as heavy
as a proton. The lifetime of the
new particle (longer than 1022
sec.) is fairly long by nucleon
resonance standards. The lung
lifetime is believed to be due to
the particle having a greater spin
than other nucleon resonances.
Though the place of the new
particle in the general scheme
of the nucleus has not been
decided, it is said to belong to
the proton family.

The N*3245 was discovered in
the complex reaction of particle
production and decay that followed
a 180 degree elastic scattering
of pi mesons and protons. The
pi mesons, produced by beaming
protons at 13-5 GeV. of energy
using a zero gradient synchrotron
into a copper target, were scattered
into protons in liquid hydrogen
and the resulting particle reactions
were recorded on a scintillation
counter.

'}J(sﬂ;of solid_state detector for

X-ray spectroscopy

A new system of detectors for
use in X-ray emission spectro-
scopy studies, viz. the use of semi-
conductor diodes as detectors,
has been developed at the
University of California’s Law-
rence  Radiation  Laboratory,
Berkeley, USA. In the system
used in the laboratory, gamma
rays from radioisotopes are used
as the primary radiation and
the semiconductor diode detector
converts secondary X-rays emitted
by the sample to an electrical
signal at high efficiency. A com-
plete spectrum of the samples’
characteristic ~ emissions,  with
energy peak resolution of about
1 keV., 1s obtained and displayed
in a few seconds of operation.
This arrangement eliminates the
high voltage X-ray tube used as
the primary radiation source in
conventional X-ray spectrography.
The only electrical input required
is a 120 V. line current which
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could be had from a portable
battery powdered unit.

In conventional X-ray spectro-
graphy, since the X-rays from
the sample are scattered by a
crystal surface, the angle of dif-
fraction varies with the wave-
length and hence to plot
a spectrum accurately small
differences in angle of reflection
must be determined with the
use of a precision goniometer.
The new system by contrast mea-
sures radiation intensities at all
wavelengths simultaneously. The
sample is exposed to gamma
radiation from a radioisotope
(americium-241 or cobalt-57) and
secondary X-rays emitted by the
sample pass through a thin beryl-
lium window into the detector
chamber, which operates under
high vacuum. A semiconductor
diode, either silicon or germanium
depending on the range of elements
being analysed, turns the radiation
into an electrical input. The
amplified signal produces a spec-
trum almost immediately as a
pulse height analyser display with
the proper combination of radio-
isotope and diode material.
Overall efficiency of energy
detection is 100 to 1 million times
greater than that of a conventional
X-ray spectrograph. Further, it
is possible with this new system
to produce clear spectra of K
radiation peaks of characteristic
X-rays of even heavy elements
which cannot be excited by X-ray
tubes using voltages usually avail-

able with conventional instru-
ments,
The wuse of semiconductor

detectors may open the way to
a rugged, compact X-ray emission
spectrograph adapted to field
use as, for example, for a rapid
analysis in a mine or an oil well.
Further, in industry it can be
used for fast, non-destructive,
quantitative analyses of elements
present in milligram or smaller
quantities in a sample. One
defect of the system is that the
noise level may set a lower limit
on the energy spectra available
and spectra of elements below
scandium in the periodic table

are not resolved at present by
the system. However, it is hoped
that the noise level can be reduced
sufficiently by equipment refine-
ment [Chem. Engng News, 44
(No. 1) (1966), 42].

Two new X-ray galaxies

Two new X-ray galaxies with
powers 100 times greater than
their combined radio and optical
‘ brightness * have been identified
by Dr H. Friedman and his col-
leagues at the US Naval Research
Laboratory. The new galaxies,
Cygnus A and N-87, are among
the strongest radio sources in
the sky, and their X-ray strength
is 101 times that of the sun.

The discovery was made by
a simple instrument during a five-
minute flight above the atmo-
sphere in an Aerobee rocket. An-
other important discovery made
by this flight was that X-ray
sources can fluctuate in power
like the variable stars; Cygnus
X,-1, another galactic X-ray
source first observed in 1964,
recorded only a quarter of its
original X-ray brightness.

The energy output of the two
new galaxies cannot be explained
by known physical processes.
Friedman feels that either they
are an entirely new class of celes-
tial objects or the current theories
of stellar energy processes needs
revision [Sci. J., 2 (No. 6) (1966),
11].

Complete star catalogue

The first comprehensive cata-
logue of stars that can be used
for finding the positions of nearly
250,000 heavenly light sources,
prepared by the Smithsonian
Astrophysical Observatory, Cam-
bridge, Massachusetts, is now
available from the Superintendent
of Documents, US Government
Printing Office, Washington DC
20402.

The new catalogue has been pro-
duced with the help of an electronic
computer by combining in one,
uniform, four-volume, 2700-page
compilation, all the available
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information on star locations
hitherto scattered in various
separate star atlases. Before this
compilation was available, astro-
nomers sometimes had to consult
as many as 50 different sources
to check the position of a star
they were scanning. The precise
information was assembled by a
team of astronomers, mathemati-
cians and computer programmers
and reduced to a common reference
system. A special ‘electronic
printing’  procedure, involving
computer programmed tapes and
photographing, on to printing
plates, the signal images on a
TV-like tube produced by the
tapes, saved the costly and tedious
job of type setting and proof read-
ing this formidable amount of
closely packed numerical data.

The catalogue gives the position,
proper motion photographic and
visual magnitude, spectral type
and other essential data for each
star, thus providing an instant
reference to the entire sky. The
catalogue identifies and locates
every known star in the heavens
down to those of the ninth mag-
nitude as well as many much
more faint. Under the best
conditions, stars of sixth magni-
tude can be seen by the naked
eye; a good binoculars will show
stars of ninth magnitude.

One of the first uses of the cata-
logue is in the preparation, now
in progress, of the most accurate
maps of the heavens ever produced.
The catalogue, in a hardbound
edition, is priced § 20 [Sci. News,
89 (No. 17) (1966), 297].

Equilibrium constants of in-
completely ionized electrolytes

Equilibrium constants for the
ionization and dissociation of
incompletely ionized electrolytes
in liquid ammonia have been
determined for the first time.
Dr J. J. Lagowski of the Univer-
sity of Texas, Austin, has de-
veloped a  spectrophotometric
technique to study the equilibria
between a weakly acidic electrolyte
and its ion (Eq. 1) and an ion pair
and its dissociated ions (Eq. 2)

(1)
K

(NH{ X) = NHf +X-  ...(2)

o- and p-nitroacetanilides were

among the first compounds to be
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studied. The ionization constant
for the ortho isomer is 2x 1072 at
—55°C. and the dissociation con-
stant 2Xx 1074 For the paraisomer
the constants are 9xX 102 and 104,
The spectra of both the anilides
in ammonia, and in acidic and
basic media suggest that they
behave like partially ionized acids.
They are characterized by two
bands, a low wavelength band
corresponding to the unionized
molecule and a high wavelength
band corresponding to the anions
and the ion pairs. The addition
of electrolyteslike potassium iodide
do not change the shape or position
of the bands indicating that an
ion aggregate containing an anion
cannot be distinguished spectrally
from the free anion; however,
the intensity of the low wave-
length bands changes markedly
indicating that the position of
equilibrium changes with change
in the activity of the species in
solution.

The degree of ionization can be
calculated from the spectral data.
For both anilides at —55°C. and
10-¢ molal, it is about 25 per cent.

Another compound that has
been studied is o-nitrophenol. In
liquid ammonia it has an equili-
brium constant of 3-:90x10-* at
—33°C. But the spectral data
indicate  complete ionization.
Therefore the reported equilibrium
constant corresponds to the dis-
sociation constant, K.

Dr Lagowski plans to use this
new method to establish a scale
of acidities in liquid ammonia
solutions [Chem. Engng News, 44
(No. 3) (1966), 51].

Gel technique for growing
crystals

A gel technique for growing
crystals developed at the Pennsyl-
vania State University is parti-
cularly suitable for certain
materials which defy conventional
growth processes like those that
resist all plausible solvents or
those which cannot withstand
heat. The method depends on
the diffusion and reaction of
chemicals within a silica gel, and
when properly done it yields
crystals of high optical perfection
and large size, hitherto unattain-
able. The gel used is effectively
a three-dimensional network of
quartz. Because of its physical

nature, the gel yields t# the grow-
ing crystals, permittirz them to
expand without externl restraint.
In contrast to x=uwth process in
solution, in the new method, the
crystal grows in &' non-turbulent
enviro. ment. Mercuriciodide, lead
iodide, thallium iodide, lead sul-
phide, calcite, silver oxalate anc
various citrates and tartrates are
among the compounds crystal-
lized so far by the new technique,
either in the pure state or with
controlled additives to modify the
crystal properties. Some of the
crystals exhibit light sensitive
electrical properties which may
be of practical interest [Sci. J., 2
(No. 1) (1966), 7].

Valence isomerization of a
cis-dienone to an a-pyran

The valence isomerization of
cis-dienones to a-pyrans has been
earlier invoked to explain certain
otherwise enigmatic results with-
out isolating the species. The
first example of such a valence
isomerization has now been pro-
vided.

A sample of 1-oxa-2,5,5,9-tetra-
methyl - 1,5,6,7,8,10 - hexahydro-
naphthalene has been isolated by
irradiation  of  trans-B ionone.
The NMR spectrum of the pro-
duct is in complete accord with
«-pyran structure,, for. the pro-
duct except for a series u1 weak
bands which had two striking
features: (i) they were not
removed by further purification
of the pyran; and (ii) formed a
part of a series of bands expected
for unknown css-3-ionone, It was
further noted that the spectrum
of cis-B-ionone showed an increase
in intensity with increasing tem-
perature and consequent decrease
in the intensity due to a-pyran.
The total spectrum reverts to its
original form when the tempe-
rature is returned to normal.

The rate of valence isomeri-
zation has been determined by
perturbing the equilibrium and
measuring the rate of reversion.
The rate is followed by measuring
the decrease in the peak height
of the larger peak in the doublet
at § 6:03. In view of the high
rate of dienone to pyran isomeri-
zation the failure to isolate both
valence isomers earlier seems
reasonable [J. Amer. chem. Soc.,
88 (1966), 619].



A new ca'cium silicosulphate

While sti dying the high tempe-
rature pha.~__equilibria in the
system  Ca0-510,°SO;, a new
compound of molar composi-
tion (2Ca0.5i0,).CaSO, has been

» located. The compound has been
.. prepared from calcium carbonate
~99-9 per cent pure), crushed
quartz (99-95 per cent pure) and
‘AnalaR CaSO, 2H,0 by ignition
for 150 hr at 1150°C. in platinum
boats in a platinum-rhodium resis-
tance furnace. For successful
preparation the mixture has to
be finely ground (300 mesh sieve)
in between periods of heating.
X-ray diffraction pattern gave the
indication of compound formation
after about 2 hr heating. On
continued heating, the X-ray
diffraction patterns of the reactant
and dicalcium silicate became pro-
gressively weaker until, after 150
hr, they reached intensity levels
representative of trace quantities.

The X-ray diffraction pattern
of the new compound resembles
that of a compound detected earlier
by Sundins and Peterson [Radex
Rundschau, (1960), 100] as a green
mineral which colours the sulphate
rings accumulating in cement
rotary kilns. The optical proper-
ties of the two compounds are also
similar and both compounds are
goloured green in ordinary. The
slick* diffe—=ze==in X-ray pattern

“may bedue to the impure compound
from the rotary kilns [Nature,
\Lond., 210 (1966), 408).

New method for studying
mammalian melanocytes
in vivo

A new method developed by
Snell et al. of Yale University
School of Medicine for studying
mammalian melanocytes enables
the observer to study the activity
of a single melanocyte or a group
of melanocytes in their natural
undisturbed environment for a
considerable length of time.

The method consists in anaesthe-
tizing black C;, mice (3-4 weeks
old) with ‘nembutal’ (80 mg./
kg. body weight) given intra-
peritoneally. The hairs of the
pinna of the ear are removed
by a depilating agent (Neet).
Glycerine is gently massaged into
the epidermis to improve the opti-
cal properties of the epidermis so

NOTES & NEWS

that the melanocytes become more
clearly visible.

The dorsal surface of the pinna
is placed downwards on to a glass
slide and the edges are glued in
position with rubber cement. The
microscope objectives are then
lowered on to the pinna and
glycerine added to immerse the
lens. A particular field can be
observed continuously for a
number of hours. It has been
observed  that  ether  plus
‘nembutal ’ is a satisfactory com-
bination, if the melanocytes are
to be observed for a long time.

The method is simple as com-
pared to the earlier methods for
observing melanocytes either by
a split skin preparation or by
tissue culture and is particularly
suited to time-lapse photography.
It is being used to study the
influence of hormones and other
agents on the morphology of
mammalian melanocytes, and the
circulatory and follicular changes
accompanying the hair cycle
[Nature, Lond., 210 (1966), 219].

Progress Reports

Paint, colour and allied
research in Britain

The thirty-eighth annual report
of the Research Association of
British Paint, Colour and Varnish
Manufacturers for the year ending
30 June 1964 reviews the major
research activities of the Associa-
tion. The main areas of work
have been: (1) pigment media;
(2) pigment-medium relationship
and paint making; (3) paint appli-
cation and properties of paint films.

Water-based coatings received
priority of attention. Studies
have been carried out on glossy
emulsion type coatings, particular-
ly on the factors limiting the gloss,
the aim being to obtain a better
understanding of film-formation.
The various reactions in water-
soluble alkyd-amino resin systems
on storage have been studied,
particularly the behaviour of the
alkyd or polyester component,
ageing conditions being so chosen
that essentially only hydrolytic
stability was considered. Studies
on curing of water-soluble alkyds
with hexamethoxy methylmel-
amine have indicated that stoved
films  of alkyd/hexamethoxy
methylmelamine are considerably

more flexible than corresponding
films prepared using a partially
methoxylated melamine as cross-
linking agent. This has been
attributed to the greater tendency
of the polymethylated melamine
to react with the alkyd rather
than with itself. Among other
problems under active research
are yellowing of drying oils; cufing
of films from two-pack systems
based on organic polyisocyanate
adducts and hydroxyl terminated
polyesters; constitution of fish oils
in relation to their performance;
evaluation of heavily fluorinated
compounds as resin components;
and evaluation of adhesion and
dispersion promoting capacities of
different  organo-metallic com-
pounds.

Priority has been given to
studies aimed at increasing the
efficiency of paint milling and
improving the ease of dispersion
and dispersion stability of paints.
Infrared spectroscopic studies have
been conducted on pigment-
medium interface to determine the
nature of adsorbed layers on pig-
ment surfaces. The flocculation
behaviour of phthalocyanine pig-
ments in alkyd media has been
investigated, = with  particular
reference to the effects of particle
size and the extent of flocculation.
Detailed studies on the electro-
phoretic behaviour and stability
of dispersions of pure rutile tita-
nium dioxide in solutions of Aerosol
OT in xylene have shown that
a striking correlation exists be-
tween surface potential and floccu-
lation, although not in direct
relation to the adsorption of the
agent. Data obtained using alu-
mina, carbon black and copper
phthalocyanine green point to
the importance of the nature of
the solid surface in stability
behaviour of dispersions in non-
aqueous media.

Studies on the effect of surface
contaminants on the adhesion of
paint films have shown that addi-
tion of trace amounts of various
fatty and other organic acids to
the surface affects adhesion in
several ways. Reduction of the
low molecular polar component
and blocking of hydroxyl groups
improves the adhesion of alkyd
paints. Small additions of hydro-
carbon oils and waxes to a paint
have been found to give a hydro-
carbon-rich surface layer.
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In connection with studies on
the mobility of ions in paint films,
the effect of level of pigmentation
or the application of a potential
difference on the release of ions
from, and the movement of ions
through, chromate pigmented
epoxide/polyamide films has been
investigated. Considerable differ-
ences have been observed in the
effect of pigmentation on the rate
of release of ions from films con-
taining zinc potassium chromate
compared with strontium chromate
pigmented films.

An accelerated dirt pick-up test
using an electrostatic precipitator
indicated a close connection be-
tween tackiness and dirt pick-up
of gloss paints. A number of
factors affecting dirt pick-up have
been studied and it has been found
that the presence of crystalline
bloom can increase dirt pick-up
especially at high humidities.

New Periodical
Indian Geohydrology

The first volume (October 1965)
of this new journal, the organ of
the Indian Association of Geo-
hydrologists, contains in addition
to the speeches made during the
inaugural meeting of the Asso-
ciation held on 23 December
1964, a number of research reports
which will be of interest not
merely to geohydrologists but also
to geologists, irrigation engineers
and even soil physicists. The
volume is priced at Rs 6. Further
information may be had from the
Indian Association of Geohydro-
logist, Geological Survey of India,
Lucknow.

Dr B. D. Tilak

Dr B. D. Tilak has been
appointed  Director, National
Chemical Laboratory, Poona.

Dr Tilak (b. 26 September 1918)
had a brilliant academic career at
Bombay University taking his
B.Sc. (Chgm.) and B.Sc. (Tech.)
degrees in 1937 and 1939 respec-
tively. Immediately after, he took
to teaching and research in the
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same university and was awarded
Ph.D. degree in 1943. He pro-
ceeded to Oxford in 1944 and
received his D.Phil. degree from
Oxford University in 1946. He
has been holding teaching and
research posts in the Department
of Chemical Technology, Bombay
University, since 1940. He be-
came Professor of Dyestuff
Technology in 1950 in the same
Department.

Organic chemistry and chemical
technology have been the major
fields of research carried out by
him and he has made valuable
contributions in these fields. He
hasbeen the Investigator-in-Charge
for a number of industrial and
fundamental research schemes of
CSIR and other bodies, and his
work in dyestuff technology has
earned him a name in industry.
He has published over hundred
original research papers in Indian
as well as foreign scientific journals
on pure and applied organic
chemistry. He was awarded the
Basudev Banerjee Medal and Prize
for the year 1959-60 by the Indian
Chemical Society for his contri-
bution in organic chemistry and
K. G. Naik Gold Medal by the
Baroda University in 1959 for the
best contribution made by an
Indian chemist in the field of
industrial research during the last
5 vyears. He is consultant to
Indian Dyestuff Industries, Kalyan,
and Messrs Aniline Dyestuffs &
Pharmaceuticals Private Ltd, and
his guidance is being utilized by
many other firms.

In 1951 he attended, as a
Government of India delegate,
the Diamond Jubilee Celebrations
of the American Chemical Society.
He visited dyestuff factories in
USA and Western Europe in 1952.
During 1960-61, he proceeded to
Harvard University and worked
under Prof. R. B. Woodward.
In 1961, he was awarded D.Sc.
degree in organic chemistry by the
Oxford University. He visited
Poland, East and West Berlin,
Czechoslovakia and Yugoslavia
in 1962 as consultant to Aniline
Dyestuffs &  Pharmaceuticals
Pvt Ltd, and participated in the

Second International Gplour Sym-
posium held at Schiss Elman,
West Germany, in Aprix 1964.

Dr Tilak has .boem associated
with CSIR as a member of its
Pharmaceutical & Drugs Re-
search Committec during 1959-62.
At present, he is a member of the ¢
Board of Scientific & Industria .
Research and its Sub-Committec,..
and Working Group of CSIR on__
its plans for Fourth Five Year
Plan. Dr Tilak is a Fellow of the
National Institute of Sciences
(India), and the Academic Council
and Technology Faculty, University
of Bombay. He is a member on
several scientific research and cul-
tural organizations including ISI
Committee on standardization of
dyes for food, and coal tar inter-
mediates.

Announcement

= Kalinga Prize Award for 1966 —

Dr Eugene Rabinowitch, editor

and one of the founders of the

Bulletin of the Atomic Scientists,

has been selected as the fourteenth

winner of the Kalinga Prize

for popularization of science.

Dr Rabinowitch has had a long

and distinguished career both as a

scientist and as a leading figure

in international cooperation in

science. After studying chemistry

in Germany, he worked with Niels

Bohr in Copenhdgéir i 222 =i
went to the United States in 1938 *
where he took part in the

Manhattan Project. He became !
the editor of the Bulletin of the

Atomic Scientists in 1945. He

has been taking an active part

in the * Pugwash ’ moverhent. As

early as 1945, he coauthored

a report warning against the

political consequences of nuclear

weapons.

Since 1947, Dr Rabinowitch is a
member of the faculty of the
University of Illinois. Apart from
numerous scientific articles written
in the past 40 years, Dr Rabino-
witch has to his credit books
on uranium chemistry, photosyn-
thesis and the implications of
modern science for the world of
the present and the future.
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FIRST GET-TOGETHER OF RESEARCH AND INDUSTRY
PUBLICATIONS

The Council of Scientific & Industrial Research (CSIR) organized a two-day First
Get-Together of Research and Industry in New Delhi during 20-21 December 1965.

The gist of speeches delivered and the key papers prepared are presented in one
Yolume entitled Addresses and Key Papers. Out of the papers received, some selected
;pzlpors having a direct bearing on the objectives of the Get-Together are being
published separately under the 15 Working Groups embracing related groups of industries.

ADDRESSES AND KEY PAPERS

Pages iv{273 (24 <16 cm.) _ Price Rs 15.00 sh. 30 $5.00

WORKING GROUPS

1. Electronics, Instruments, Radio Television, Public Address Systems, Standards, Physics Based Industries

2. Industrial Organic Chemicals, Biochemicals, Dyes and Intermediates, Rubber, Resins, Adhesives, Plastics,
Paints, Varnishes, Surface Coatings

3. Inorganic and Heavy Chemicals, Fertilizers, Cement, Marine Chemicals

4. Drugs and Pharmaccuticals, Medicinal and Aromatic Plants, Public Health Engineering

5. Chemical Plant and Equipment, Electrical and Mechanical Engineering, Agricultural, Textile and Mining
Machinery, Automobiles

6. Food, Agriculture, Agro-industries, Fish, Meat, Sufar, Tea, Coffee and Industrial Crops, Oilseeds, Edible Oils
7 Metal'=g Iron and Steel, Non-ferrous Metals

8. Paper, Pulp, Forestry, Man-made Fibres, Wool, Leather, Plywood

9. Mining, Ores, Minerals, Geophysics, Oceanography

10. Petroleum Refining, Petrochemicals, Petroleum Technology and Oil and Gas Exploration

i1. Energy, Coal

12. Glass, Ceramics, Enamels, Clays and Refractories, Mica

13. Aeronautical Engineering, Aircraft Struc'turcs, Materials, Propulsion Systems, Aviation Fuel

14. Buildings, Roads, Civil Engineering Materials

15. Research Utilization, Cooperation between Research and Industry, Policies on Research and Development

The Working Group publications are also priced

Copies available from:
THE SALES & DISTRIBUTION SECTION
PUBLICATIONS & INFORMATION DIRECTORATE, CSIR
HILLSIDE ROAD, NEW DELHI 12
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‘LAB-CHEM’

b
ANALYTICAL BALANCES &
WEIGHTS,, -~

for
INDUSTRIAL, RESEARCH & COLLEGE -
LABORATORIES

Manufactured by
LAB-CHEM BALANCE WORKS

BOMBAY 11|
@

Contact Sole Selling Agents:

INDIA SCIENTIFIC TRADERS

DEALERS IN LABORATORY EQUIPMENT
OF EVERY DESCRIPTION

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

Precision Balances
from

OSCHATZ

Dependable and approved aids in institutes,
training centres, at numerous workbenches
in large companies, and for efficient service
in small laboratories.

The series OWA-LABOR 705 is designed for
precision weighing of loads up to 200 g
and is employed to determine unknown
weights and for comparison weighing.

VEB
OSCHATZER WAAGENFABRIK

726 OSCHATZ/SAXONY
GERMAN DEMOCRATIC REPUBLIC

AGENTS

MESSRS K. LAL BHAKRI

P.O.B. 487, New Delhi, India
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f Fempo~
LABORATORY
EQUIPMENT

ELECTRIC OVEN

WATER STILL

INCUBATOR

SEROLOGICAL DING
BATH

Manufactured by

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

THE WEALTH OF INDIA
Industrial Products: Part VI (M-Pi)

Contains comprehensive account of development and present position of 28 Indian
industries, important among them being Machinery, Motor Vehicles, Petroleum
Refining, Pharmaceuticals, Paints & Varnishes, Paper & Paperboards, Metal
Containers & Closures, Perfumery, Opium Alkaloids, Mica & Mica Products, Oxygen,
Pin & Clips, Needles, Match and Papier Mache.

Pages xiv315-xii Demy 4to, 6 plates and 89 illustrations
Price Rs 28.00 (§8.00, sh. 56)

DRUG ADDICTION

With Special Reference to India

by
R. N. CHOPRA & I. C. CHOPRA

Contains two parts consisting of 2 chapters dealing with: Drug addiction as a
world problem, Addiction producing drugs, Psychiatric and clinical aspects of drug
addiction, Treatment of drug addiction, Minor drug habits, Tobacco habit, Alcohol,
Barbiturates, Cannabis, Opium, Cocaine, Control of drug addiction in India.

Pages xiii-+264 Royal 8vo Price Rs 12.00 ($3.50, sh. 24)

Copies available from :
Publications & Information Directorate, CSIR
Hillside Road, New Delhi 12
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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

Heavy Duty
Vacuum-Pressure
———1IF Pump

1)

TITIN

1|

An ideal pump for routine filtration

for the laboratory as well as light
= = industry where vacuum or pressure

l , is required continuously.

Widely in use in Research and Testing Laboratories
* Pharmaceutical Industry * Glass Blowing * Perfumeries, etc. etc.
Supplied fitted on a common base plate with a } h.p. motor for years of continuous service

* Pressure: 12 Ib. p.s.i. * Vacuum: 30 in. of Hg (approx.) * Displacement: 70 lit./min.

Also available: VACUUM OIL AND VACUUM GREASE

LABORATORY FURNISHERS

DHUN MANSION, 186C VINCENT ROAD, DADAR, BOMBAY 14 DD
Branch Office: Kapasia Bazar, Ahmedabad 2
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choose
from

ACIDS & SOLVENTS

m Acetone G.R./Extra Pure

B Acid Acetic Glacical G.R./B.P.C.
W Acid Hydrochloric G.R./B.P./I!.S.P.
®m Acid Nitric G.R./B.P.C.

B Acid Sulphuric G.R./Pure

| Benzene Crystallizable G.R./Pure

@ Carbon Tetrachloride G.R.
Extra Pure/Pure

B Methanol Pure
® Toluene Pure

MANUFACTURED IN COLLABORATION WITH
E. MERCK AG., DARMSTADT, GERMANY.

Sales Enquiries to:

SARABHAI MERCK LIMITED

© 0. Box 16555, Worli, Bombay 18
SM 44

RAW MATERIALS FOR

N. V. HOLLANDSCHE
TUNGSTENDRAADFABRIEK
(Holland)

molybdenum wire, etc.

For further particulars contact:

K. S. HIRLEKAR

Western India House
Sir Pherozshah Mehta Road
BOMBAY |

Gram: 'INDBUREAU’, Bombay ®  Phone: 251931/252073

RESEARCH & INDUSTRY...8

Tungsten wire and filaments,

COUNCIL OF SCIENTIFIC &
INDUSTRIAL RESEARCH

(Indian Languages‘Unit)

Advertise in and subscribe for
popular science journal in Hindi ‘VIGYAN
PRAGATI' approved by the Hindi .speak-
ing States for subscription by all Schools,

the only

Libraries, etc.

Single copy
Annual subscription

0.50 paise
Rs 5.00

For full particulars, please write to the Manager,
Indian Languages Unit, CSIR, P..D. Building,
Hillside Road, New Delhi 12

Note — M.O.s/Cheques should be sent drawn in favour
of the Secretary, Council of Scientific & Industrial
Research, Rafi Marg, New Delhi |
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N\
Spet}ify ‘AnalaR’ whenever you need analytical reagents. Ensure factory-packed,
effe :tively labelled, completely reliable materials for every analytical procedure in
your own laboratories. *AnalaR’ reagents are not expensive, working hours are.
Unreliable results can be most expensive of all. For micro-analytical work there are
B.D.H.'M.A.R.’ reagents, and for all general laboratory purposes some seven thousand
B.D.H. Laboratory Chemicals, with well over a thousand of them carrying printed
specifications of purity.

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

i British Drug Houses (India) Private Ltd.
Labo”atopy Chemlcals Laboratory Chemicals Division,

8 Graham Road, Bombay 1+
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Available from Stock

* METROHM pH-METER E 350

o Measuring range 0-'+ pH; —500 500 mV
e Accuracy of reasing: 0.05 pH, 5 mV
o Absolute accivacy: 0.1 pH, 10 mV

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

o Maximum load: 200 gm.
o Sensitivity: | mg.

% ENDECOTT’S STANDARD TEST
SIEVES

Contact:

PHARMA TRUST

114 Princess Street, Bombay 2

MODERN SCIENTIFIC INSTRUMENT

COMPANY
48A/48B SADASHIV CROSS LANE
" . BOMBAY 4
optical instruments 2
a"d Direct Importers & Stockists of

‘PYREX’ Brand

a"ied compune"ts Laboratory Glassware and

Apparatus
° *
G H A RP U R E & CO. Manufacturers of
P-36 INDIA EXCHANGE PLACE EXTN. ‘ ’
N Tl TR MODERN’ Brand
Gram: MEENAMO @ Phone: 222061 Laboratory Equipment
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, JOURNAL OF THE
INDlAN INSTITUTE OF SCIENCE

A quarterly, containing papers on original research
carried out in the laboratories of
the Indian Institute of Science, Bangalore 12

SUBSCRIPTION
(Post Free)

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

: Rs. 30 Rs. 8

Indian currency Indian currency

6% per cent discount to Agents

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

All communications should be addressed to :

THE ASSOCIATE EDITOR
JOURNAL OF THE INDIAN INSTITUTE OF SCIENCE
BANGALORE 12, INDIA
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“CORNING”

BRAND

LABORATORY
GLASSWARE

(MADE IN INDIA)
®

““CORNING”’ Brand Laboratory Glassware
is now manufactured in India by

BOROSIL GLASS WORKS LTD.
Bombay

in collaboration with a world leader
in the field

CORNING GLASS WORKS
Corning, N.Y., U.S.A.

The Balanced Glass

“CORNING” Brand Glass is manufactured from ‘harder’
heat resisting BOROSILICATE GLASS in which the
properties of mechanical strength, thermal and chemical
resistance are ideally balanced for general laboratory
application. lts formula (Corning formula No. 7740)
assures high chemical stability and still provides ex-
ceptional resistance to thermal shock. It is, therefore,
the best glass available in the market for over 99 per
cent of all requirements.

EQUAL TO ANY IMPORTED
BOROSILICATE GLASSES

Our new price list sent on request
®

DISTRIBUTORS

B. PATEL & CO.

DIRECT IMPORTERS & STOCKISTS OF
SURGICAL & SCIENTIFIC GOODS

27/29 POPATWADI, KALBADEVI ROAD
BOMBAY 2
Phones: 38689 & 39702 e Grams: GLASALSORT

Over twenty years” proved -
performance \
(INDIA MA 5E)

X-RAY DIFFRACTION
APPARATUS

complete with

MACHLETT Shockproof Beryllium
Window Sealed Tubes of different
Target Materials

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

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

Electromagnetic, Electronic, Servomechanical

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

CAMERAS of various types can also be
supplied for the MACHINE

also

X-RAY PLANT FOR BIOLOGICAL

RESEARCH & INDUSTRIAL -RADIO-

GRAPHY & HIGH TENSION
TESTING SETS

DELIVERY EX-STOCK
NO LICENCE REQUIRED

Further details from

RADON HOUSE

PRIVATE LIMITED

7 SARDAR SANKAR ROAD
CALCUTTA 26
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'UNIVERSAL APPLICATION
PRECISION

ECONOMIC

~

Rotary Viscosimeter ‘Rheotest’ Immersion Thermostat, Type E 3 E Ultra Thermostat, Type NBE
High-performance measuring and controlling instruments
for scientific research in widely differing institutes and

laboratories and for unfailing service in all branches
of industry.

Liquid circulation thermostat

Rheological measuring instruments
(viscosimeter, consistometer)

Analytical instruments for examining lubricants and fuels

General laboratory apparatus

AGENCY:
VEB Prifgerate-Werk Medingen MENSSRS K. LAL BHAKRI
German Democratic Republic P.O.B. 487, New Delhi, India
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ADVANCES IN INSTRUMENTATION FOR PROTEIN ANALYSIS

N
Diagrammatic representation of the immunoelectiophorélic pattern of a single normal human serum Sample volume needed 15
such minuscule samples, analysis of concentrated insect blood, or proteins from spinal fluid, is brought within the reaim
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THE IMMUNOPHOR BY LKB

For rapid, routine clinical determinations of the proteins, lipoprotein and glucoprotein components in
blood serum, spinal fluid, urine and other body fluids, LKB IMMUNOPHOR is best suited. Some
vitamins, carbohydrates and hormones are also separated. Over 30 components can be isolated and
characterized in normal serum by immunoelectrophoretic analysis. Pathologic components and dys-
proteinemic patterns of C.S.F. as well as of blood plasma are readily recognizable, making the IMMUNO-
PHOR an important diagnostic and prognostic tool for a wide variety of diseases.

The equipment has already been used extensively for research work in the biological science, especially

in taxonomy, allergy, genetics, microbiology and cancer research.

The Immunophor enables the biological scientist to exploit the potentialities of immunoelectrophoresis,

probably the most powerful analytical technique presently available in protein chemistry.

The field of applications of immunoelectrophoresis extends from studies in allergy and genetics to

clinical diagnostic, from agricultural research and brewing technology to criminology.

Among the important characteristics of the Immunophor are its large processing capacity of 100 samples
per technician per day.

LKB Produkter AB, Stockholm, SWEDEN

For details please write to:
SOLE DISTRIBUTORS

THE SCIENTIFIC INSTRUMENT COMPANY LIMITED
ALLAHABAD BOMBAY CALCUTTA MADRAS NEW DELH!
Head Office: 6 Tej Bahadur Sapru Road, Allahabad
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ELECTRONIC
A RANGE FROM THE HOUSE OF
SCIENTIFIC .NS\TRUMENTS | N S T R U M E N T S

PHILIPS made
@] supply

Multimeters

Vacuum Tube Volt Meters

SURVEYING
PHOTO~
GRAMMETRY

Oscilloscopes
AF Generator

HF Service Oscillator

*

*

*

*

*

* Signal Tracer
% Conductivity Measuring Bridge
% pH Meters

% Stroboscopes

% Transistor Tester

* LCR Bridge

*

Voltage Stabilizers

GORDHANDAS,
DESAI PVT. LTD.

Equipment and instruments for all branches of science, | Q U A L ’ TY ' N S T R U M E N TS

technology and industry
KERMANI BLDG. SIR PHEROZSHAH MEHTA RD., BOMBAY-1. d . ’ d H
PR 1252 MADRAS-I. P.B. 328, CALCUTTA-L. P.B. 192 NEW DELHLL. madae In naia
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Gallenhan)

Incubator for growing cultures under controlled conditions

Oehital Incubatrs

No attendance needed—Set and Forget

The Orbital Incubator has been designed in consultation with Dr.S. J. Pirt, Microbiology
Department, Queen Elizabeth College, London, to meet present-day requirements
in the fields of microbiology, botany, zoology, virology, bacteriology, biochemistry
and metallurgy for incubation under conditions of gentle, continuous agitation. It
is one of a range of incubators designed for modern incubation techniques.

Controlled Aeration by Orbiting Action: The gentle orbiting action of the
platform minimizes accretion of material ( ‘tide marks’) on the sides of the flasks,
but ensures controlled aeration of cultures.

Controlled Temperature: The temperature of the incubator is very closely and
reliably controlled by an efficient hot air circulating system working in conjunction
with a ‘Compenstat’ and an independent safety thermostat.

Controlled Speed: Orbiting speed is adjustable by a front panel control and the
apparatus runs quietly and without attention for long periods.

Large Capacity: The flask platform accepts thirty-six 250 ml. flasks or equivalent.
Various platforms are available for flasks of capacity up to 2 litres.

AUTHORIZED DISTRIBUTORS:

MARTIN & HARRIS (PRIVATE) LTD.

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

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