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PACKARDHEWLETT ~
TEST SIGNALS: 50 kc to 40 gc

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

All microwave applications requiring signal

generating instrumentation find Hewlett-Packard

a source of equipment delivering the best

performance and greatest flexibility at prices

assuring the best value.

Hewlett-Packard offers a complete line of easy

to use hf, vhf, uhf and shf, signal generators,

special purpose signal sources and sweep oscil

lators. Auxiliary equipment available includes

microwave amplifiers, modulators, frequency

stabilizing instruments and special purpose

equipment.

hp SIGNAL GENERATORS SO kc to 40 gc

hp MODEL fREQUENCY Rl\NGE CHARACTERISTICS

606A Signal Generator SO kc to 6S me Output 3 't to 0.1 IJV into SO ohms: mod. band with de to 20 kc. low drift and noise, low
incidental FM, low distortion. direct calibration

6080 Signal Generator 10 to 420 me Output 0.5 v to 0.1 p.Y into SO ohms; AM, pulse modulation, low incidennl FM and drift.
direct calibration

8614A Sienal Generuor 0.8 to 1.4 ge Output +10 to -12.7 dbm into SO ohms. levelled below 0 dbm: internal square-wave, uter
nal pulse, AM and fM; auxiliary rf output, direct calibration

86148 Signal Source 0.8 to 2.4 ge Output IS mw; precision attenuator 130 db ranee; internal square-wave, external pulse and
FM; auxiliary rf output

6188 Sienal Generator 3.8 to 7.6 gc Output I mW to -127 dbm (O.I jlV) into SO ohms; pulse, frequency or square-,wave modula
tion, direct calibration

628A Sienal Generator 15 to 21 ec OutpUt + 10 to -90 dbm; pulse, frequency or square-wave modulation, direct calibration

9-40A Frequency Doubler 26.5 to 40 gc Driven by 13.25 to 20 gc source, hp 628 A., 695C or klystrons; 100 db precision attenuator

For details please write to:
SOLE DISTRIBUTORS

THE SCIENTIFIC INSTRUMENT ~O:Mg].\.::...~y LIMITED
ALLAHABAD BOMBAY CALCUTTA; .·-Mf\~V.t;S::: NEW DELHI

Head Office: 6 Tel Bahadur Sap~li Road, Allahabad
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ERRATUM

Article entitled "Organic Semiconductofs ", 24 (No.6) (1965), pp. 282-288: The correct
versions of Figs. 1, 2 and 5 appearing on pages 284 and 287 are as follows:,

Ao ·6·
co

Fig. 1 - Electron transition in benzene molecule

e'o
. n /2+,tIntr+

E
Fig. 2 - Creation of a positive hole in the benzene molecule

Fig. 5 - Synthesis of polymerized eu II derivative of dioxime
of 1,S-diacetyl-2.6-dihydroxy naphthalene
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We are proud •••

... of our
JAWANS

Well done Jawans! We are behind YOU
TOSHNIWAL INSTRUMENTS FOR ALL REQUIREMENTS

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

We are proud of our humble contribution.

The HOUSE OF TOSHNIWALS steps ahead to make the nation self-sufficient In

instrumentation.

• GENERAL LABORATORY INSTRUMENTS

• PHYSICS LABORATORY INSTRUMENTS

• ELECTRONICS AND ELECTRICAL INSTRUMENTS

• PROCESS CONTROL AND MEASURING EQUIPMENT

• INDUSTRIAL INSTRUMENTS AND MANY MORE~tl/"E. ~s~'\
S RESEARCH • ,,,0

All made in India, thereby saving foreign exchange

WRITE FOR PETAlLED INFORMATION TO SOLE SELLING AGENTS:

TOSHNIWAL BROTHERS PRIVATE LIMITED
198 JAMSHEDJI TATA ROAD, BOMBAY I'

Branches
Kacborl Road

A,fMER
85A Sar.t B... Road

CALCUTTA :Ji
3Et8 JhaiuIowaJan Enoaoloa

NEW DELHI
Ro....d T ..... Mo.mt Road

MADRAS :I
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BOROSIL

NOW OFFERS

" CORNINO®

BRAND

BEAKERS AND FLASKS
LOW & TALL FORM

UPTO 2 LITRE CAPACITY

FILTER

R.B., F.B., & CONICAL
UPTO 20 LITRE CAPACITY

FLASKS
HEAVY WALL

DIS TIL LA T ION F LAS K S

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 CHETTYSTREET,
MADRAS-1.
Phone: 23775
Grams: 'BOROSIL

19/90 CONNAUGHT CIRCUS
NEW DELHI-1
Phone: 42176
Grams: 'BOROSIL'

4 CANAL WEST ROAD,
CALCUTTA-15

CORNINGII is Registered Trade Mark of Corning Glass Works, New York U. S. A.

ISIR-DECEHBER 1965 AS



A6

Imagine a world without colour-a Iight·and-shadow world instead or
our multi·hued universe. Colour implies life, vigour, variety ..•
Primitive man realised the significance of colour and made it very much
a part of his life. He incorporated it in rituaL He used it for adornment or
to make himself fearsome in bailIe.
Modern man uses colour even more-to make life varied and joyful
with bright colour schemes for homes, offices, automobiles-and beautiful
illustrated magazines, multi-coloured rubber and plastic articles.
All these and many others need pigments, and more so organic pigments
such as those manufactured by COLOUR·CHEM.
Textile printers use organic pigment emulsions as well as synthetic binder
materials, both of which COLOUR·c:tEM were the first to manufacture
in India. With the technical knowledge of Germany's leaders in the field
FARnENFAU?IKEN BAYER AG. and FARBWERKE HOECHST AG.-
and skill born of experience and unceasing research, COLOUR·CHEM
continue to manufacture the finest quality products.

UNQUESTIONABLY

COLOUR-CHEM
Distribllud through.-
• CHtKA LIMITED. ll.ehta Chambers, 13, Mathew Road, Bombay-4.
• HOECHST DYES &. CHE:olICALS LTD..

Parekh Mahal, Veer Nariman Road, Bombay·1,
• lNDOKEM PRIVATE LTD.. 221, Dadabhoy Naoroji Road, Bombay·l.

IfsIt@#ii] (Backed by JOO years 0/ German experience)
" J COLOUR.CHEM LIMITED

Fort 1I0use, 221. Dadabhoy Naoroji Road.
Fort, Bombay-I.
Makers ofPigments & Binders

in collaboration with
FARBENFABRIKEN BAYER AG., Leverkusen, West Germany; and
FARBWERKE HOECHST AG., Frankfurt. Wesl Germany.
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THE FINEST
IMPULSEDDD
BAJAJ Measuring and Testing Instruments
are standard equipment in educational and
research laboratories all over the country, and
play a vital role in training scientists and
technicians for the country's industrial and
technological progress.ooooooooooooo

b~~ elect.ricals liDJ.it.ed
45-47. Veer Nariman Road. Bombay·1.
Branches all over India.

ba~
·a~·M EASU RI NGAND TESTING

INSTRUMENTS

MIRROR GALVANOMETER
"'eros' BE-240
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ELECTROLYTIC
CONDUCTIVITY

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

BLUE STAR

AS

Self·balancing Conductivity Indicator

Soil Moisture Meter

~ Industrial Instruments Inc.
~U.S.A.

Sold and lenriced in India ezclUlively by

[!]

Solu Bridge Conductivity Meter

Portable Conduc~ivityRecorder

Gel complele deloil, (,om BLUE STAR ot!ice, 01 :

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

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

18 Kaiser Bungalow, Dindli Road, Jamshedpur
14}40 Civil Linesl Kanpur

JSIR-DECEM8ER 1965



Grating resolution
over fundamental IR range
with Model 237
SPECTROPHOTOMETER

You can now have the advantages of high-reso
lution analysis over the entire infrared spectral
range of fundamental analytical importance
4000 to 625 wavenumbers (2.5 to 161') -even if
your budget is limited. Perkin - Elmer Model 237
Double-Grating Spectrophotometer makes this
possible.

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

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

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

JSIR-DECEMBER 1965

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

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

Also available Model 337-range 4000 to 400

wavenumbers or 2.5 to 25 P

Ask for free literature

PERKIN-ELMER
Sold and serviced in India exclusively by

BLUE STAR

Get complete detaifs from BLUE STAR offices at :
Connaught House, Conn aught Circus, New Delhi '1

Band Box House, Annie Besant Rd" Bombay '18
7 Hare Street, Calcutta '1

23/24 S~cond Line Beach, Madras '1
18 Kaiser Bungalow, Dindli Road, Jamshedpur

14/40 Cil/il Lines, Kanpur
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FAR·REACHING....
Contact between peoples of the world is of first
importance in modern civilisation. Poor communications
can precipitate a crisis or stultify business and trade.
Links provided by telephony, radio and other forms of
telecommunication have brought far-flung capit,als and
cities of the world nearer ... within dialling distance,
you may say!

Single and Independent Side Band Transmitters and
Receivers are designed to meet heavy traffic requirements
in all climates. Made by BEL and used by the Overseas
Communications Service, these equipment have simplified
long distance radio telephone communications.MT\ A contribution of far.reaching importance indeed!

~ GEARED UP TO MEET THE NATION'S NEEDS

BHARAT ELECTRONICS LTD.
Regd. Office: JALAHALLI- BANGALORE 13
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B.I. CHEMICALS
It is long since Bengal Immunity started mal1l~racturing chemicals for

pharmaceutical and laboratory use. To-day the mall/fold activities of the

Company are based upon its accumulated experience and continued expansion

alld as s/lch it is in a position to offer a wide range of chemical products

-1I'ell known for their reliability and purity.

A S i. C J , 0 rJ 0 I 'S 0 N , A 1 '0 PtA N r

BENGAL IMMUNITY CO., LTD.
153. Dharamlala Street. Calculta-13
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• AMINACRINE HYDROCHLORIDE I.P.

• BEEF EXTRACT

• CALCIUM LACTOBIONATE

• CHLOROQUINE PHOSPHATE U.S.P.

• CHOLIC ACID

Q DEHYDROCHOLIC ACID U.S.P.

• DJ·IODOHYDROXYQUIN U.S.P.

• HYDROPROTEIN POWDER

• ISONIAZID B.P.

e MAGNESIUM ALUMINIUM SILICATE

• MAGNESIUM HYDROXIDE CAKE

• MAGNESIUM TRISILICATE U.S.P.

• MILD SILVER PROTEIN I.P.

• OX BILE EXTRACT N.F.

• PEPTONE POWDER

• PHENFORMIN HYDROCHLORIDE

• PROTEOLYSED LIVER I.P.

• PROTEOSE PEPTONE

• SULPHANILYlBENZAMIDE

• THIACETAZONE B.P.C.

• TRYPTOHE

All



BOMBAY II

Contact Sole Selling Agents:

DEALERS IN LABORATORY EQUIPMENT
OF EVERY DESCRIPTION

Gram: 'Esvijack'Phone: 76336

PEERBHOY MANSION

460 SARDAR VALLABHBHAI PATEL ROAD

BOMBAY 4 (BR)

INDIA SCIENTIFIC TRADERS

ANALYTICAL BALANCES &

WEIGHTS

'LAB-CHEM'

for

INDUSTRIAL, RESEARCH & COLLEGE

LABORATORIES

Manufactured by

LAB-CHEM BALANCE WORKS

THE INTERNATIONAL
CHEMICAL INDUSTRIES

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

CALCUTTA.9
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optical instruments
and

allied components
•

GHARPURE & co.
P·]6 INDIA EXCHANGE PLACE EXTN.

CALCUTTA I

RAW MATERIALS FOR

RESEARCH AND INDUSTRY·IO

CARL SCHLENK AG.
(West Germany)

One of the oldest and leading manufacturers of long

standing experience in the manufacture of tinned copper

tapes, plain copper and brass tapes, tinned andlor silvered

copper tapes and foils, copper and brass foils, etc., for

various applications such as in Condensors, Radiators,

Gaskets, Electrotechnical Parts, Clocks & Watches, Cables,

Patterns, Transformers, Electrical Me'.suring Systems, etc .

For further particulars contact:

K. S. HIRLEKAR
Western India House

Si r Pherozshah Mehta Road
BOMBAY I

Gram: MEENAMO • Phone: 22-2061
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Gram: INDBUREAU, Bombay Phone: 251931/252073
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Palynological Bulletin
Volume I, 1965

Contents

Palynological Society of India - Inaugural Address --lJy T. S. MAHABALE

Prof. Birbal Salmi's Contributions to Palynology - hy R V. SITHOLEY

Geological Sporology and Palynology - Past and Present - by R POTONIE

Role of Tapetum in Pollen Development --lJy S. P. SINGH

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

Normal and Ahnormal Pollen Grains in Abies pindrow - hy P. ;.J. IVIEHRA and
P. D. DOGRA

Studies on Pollen Storage of Lemon and Loquat- hy S. K. MUKERJEE and
P. K. DAS

Palynological Studies in Subtropical Fruit Trees - by R. D. BAMZAI and
G. S. RANDHAWA

Pollen Grains of Artocarpus- hy M. R. SHARMA and T. M. VARGHESE

Pollen Morphological Studies of Eriocaulon L. - hy M. SHAHMA

On Classification of Pollen Grains and Spores - by G. ERDTMAN

Palynological Studies in Indian Aizoaceae (Ficoic1eae, Mollugin:1ceae) - by
A. R. RAO, PRITI AWASTHI and PREM KHARE

Pollen Morphology of Himalayan Daplmes - by P. K. K. NAIR

A New Record of PediastY'um delicatites from India- hy C. P. VERMA and
N. C. SRIVASTAVA

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

Male Gametophyte and Poller Structure in Furcraea gigantca - lJy M. C. PA:-<
CHAKSHARAPPA

Price per copy

India (Rupees 7), Foreign (Rupees 10) plus postage charges

For copies, please contact

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

(INDIA MADE)

X-RAY DIFFRACTION
APPARATUS

complete with

MAC H LETT 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
IS 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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RADIOTONE
PRODUCTS

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

• Selenium metal rectifiers

• Rotary switches up to II pole II way

• Potentiometers, adjustable resistances
for different ratings

• Spectral chokes/ballasts for SV, MV,
Wotan, Fluorescent Lamps, etc. etc.

These are our special products and in demand
with Industry, Trade and Government Depart
ments.

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

RADIO ELECTRIC PRIVATE LTD.
Manufacturers of RADIOTONE Products

Lamington Chambers, Lamington Road
BOMBAY ..

mm GRAM: : 'ASHACOM' PHONE: H8SS

mm SUPERIOR LAMP BLOWN
mm PYREX GLASS APPARATUS;
mm ASSEMBLIES ACCESSORIES

111111 OF ALL TYPES

f~~~~=l~1!~f1tI~{~2~JL~::~~:;r:S:i2~~~li~.iE':1

6 Man~~~~tured by

SCIENTIFIC EQUIPMENT
MFG. CO.

An associate of

ASHA SCIENTIFIC CO. \
DIRECT IMPORTERS & MANUFACTURERS' REPRESENTATIVES.

S03, GIRGAUM ROAD. BOMBAY 1.'

111111
Interchangeable Laboratory

Glass:~:~re 'Ocr Special it/

WE SUPPLY COMPLICATED RESEARCH APPARATUS
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Available from Stock

*METROHM pH-METER E 350
• Measuring range 0-14 pH; -500+500 mY • Accuracy of reading: 0.05 pH, 5 mY • Absolute

accuracy: 0.1 pH, 10 mY

*KUSTNER ANALYTICAL BALANCE, with and without air damping from Germany.
Models AL 49 and AF 48 with weight box
• Maximu~ load: 200 gm. • Sensitivity: I mg.

*EDWARD VACUUM PUMP, Model RB 4 'Speedivac' Combined Vacuum
Pump and Compressor

*ENDECOTT'S STANDARD TEST SIEVES

Contact:

PHARMA TRUST
114 PRINCESS STREET, BOMBAY 2
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Current

National & International Trends in
Research in Chemistry

WHEN one look~ back into the history of chemi
cal research in India, one limb that even about

two decades back, chemical research was can lined
to a handful of laborafories mostly in the universities.
Since then scientilic research in general, and research
in chemistry in particular, have taken long strides
in India, due mainly to the impetus given to it by
the Council of Scientific IX Industrial Research
(CSIR). Through the national laboratories and
through the schemes, units and schools sponsored
by the Chemical Research Committee (CRC) , the
CSIR has now built a basic pattern of research in
India.

To take it a step further, the future planning in
research should be based on an objective survey of
the current chemical research in India in the per
spective of the world-wide research in general and in
the perspective of the needs of India in particular.
The need for such a snrvey was strongly felt by
Dr Husain Zaheer, Director-General, CSIR, and at his
initiative the CRC adopted a scheme for compiling
a research directory of recent chemical research in
IlHlia, the task being taken up by us in the Indian
Association for the Cultivation of Science, Jadavpur.
The compilation of the I{esearch Directory in
Chemistry (1960-62) is now complete and it will be
published shortly; the compilation for the years
)963-64 is in progress. One main objective of such
surveys was to find out areas of our deliciencies
in the light of modern trends in research - areas
which need more attention.

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

The number of papers with at least one Indian
author was abont )665 in a total of 33,760 papers.
This amounts to about 5 per cent of the total. If
one remembers that this estimate leaves out techno
logical research, in which India is particularly lagging
behind aIHI that, on the other hand, countries like
USA, USSR and Germany average to about 27,
)9 and II per cent of the papers respectively', the
fignre for India would show that we have far to go
to catch up with the industrially developed countries
in chemical research.

In order to ascertain the exact arcas of (Ieficiencies
a comparison was made between the national ami
international trends of research in the different

.Tlwse figures arc from a surv('y of Chemical Ahsfracts for
1961 [Bak('r, fl. B" Chen!. l,'uK"" N",us, 39 (l96\), 78]. Com
pare also tIll' lil(un's for pap"rs in physical e1wmis!ry in 1961:
USA, 31; USSR, 25, C('rmany, 5; an,! India, 3,4 per ccnt
(Bhattacharna, K., DlUC Seminar 1, 1963, 53).

Topics

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

51 Subdivision A B C
No.

1 Sub-atomics (chemical aspects) 1·0 0·8 0
2 Atomic and molecular 11·2 12-1 8

structure
Phage ,tructure and phase 5·9 4·3
relations

4 Surface properties 3-2 1·8 3
5 Colloids and macromolecules 8·3 4·4 12
6 Electrochemistry 4·0 H 10
7 Thermodynamics 2-1 2·1 8
8 Kinetics and mechanism 8·1 H 13
9 Inorganic 4-8 Jo6 16

10 Organometallic and organo- 8-4 9·6 5
metalloid

11 Organic
(i) Aliphatic H H 0

(ii) Amino acids and peptides 2-5 H 1
(iii) Carbohydrates 1·6 1·2 1
(iv) Homocyclic 9·2 8·5 3
(v) Terpenes and steroids 2·5 6·0 10

(vi) Heterocyclic 9·7 11·9 10
(vii) Miscellaneous 1·3 4·4 16

12 Analysis 9·5 12·1 8
13 Apparatus and techniques 1-3 0·9 2

A: Number of pape" in each subdivision as percentage
of total number of papers. B: Number of Indian papers
in each subdivision as percentage of all Indian pape",
C: Number of CRC schemes,

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

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

Thus, the areas of deficiency, from the number of
papers considered in the above survey, are - phase
structure and phase relations, surface chemistry,
-- ._---'~---

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

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

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

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

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

In organic chemistry, apart from a lack of interest
in aliphatic organic chemistry, one finds a good deal
of work in the other subdivisions, and work in
heterocyclic compounds and alkaloids, terpenes and
steroids more than compensates the above lack.
The great possibilities of work on Indian medicinal
plants fully justify the interest in alkaloids and
indigenous plant products.
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It is difficult to jud!;e the difference between the
national and in ternational trends in the work on
apparatus and techni<lues. From personal experi
ence, however, one is convinced that perhaps the
little difference is si!;nificant, and very little is done
in devisin!; newer methods and apparatus, keeping
in mind the needs of India in particular.

The above considerations, basecl on the number
of papers alone, leave out the ([uestions about the
quality of the papers or their relation, if any, to the
needs of India. The <)uality or standin!; of a paper
is difficult to jud!;e immediately. From the refer
ences outside to papers published in !ndian journals
one cannot but have the feeling that much of the
work published in ludian journals suffers from
obsolescence if not of lack of depth. From column C
Table I we can have a rOll!;h id('a of the number
of schemes of the n{C in the different subdivisions
of chemistry (a hd [(.1' i(!<-a could have been had
from the number of ,,",)rkers in each field). Although
it may not be proper to draw far-reaching conclu
sions from just the llllmher of schemes some of the
figures are encoura!;in!;. Schemes, however, haye
to be considered individually and in the ahove
figures a greater number of schemes could signify
a greater effort bein!; made for developing that line
only if steps were taken initially to scrutinize the
schemes to sec that thl' work in its details would
not fall into obsolescence but be productive and
uscfnl. Just to take an exampll', in the field of
Indian plant products, why not consider thl' position
of research in India in comparison with the work
done in other countries, consider the exploitation
of research by drug industry in Inclia compared to
that in other countries, and accordingly plan and
intensify work so as to ke(~1' India ahead of other
countries in this respect? Au effort to make
research more productive cannot but be beneficial
to all the parties concerned.

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

Si\:--JTI R I'ALlT & SANTIIlHATA GHOSH

Department of Physical Chemistry
Indian Assuciation for the Cultivatiun uf Science
] adavpur, Ca/Clltla 32



First International Conference on the Raman Spectra of Crystals
R. S. KHISHNAN

D{'partlllent of Physics. Indian Institute of Science, Bangalore 12

T HE First International Conference on the
Raman Spectra of Crystals was held under
the auspice,; of the International Union of

Pure & Applied Phvsics in the Physical Research
Laboratory of the Facultv of Sciences, University of
Paris at Sorbonne, Paris, from 5 to 8 July 1965.
The proceedings were held in the famous lecture hall
of the Physical ReSl'arcii Laboratory where world
renowned' French physicist,; like Madame Curie,
Prof. Fabrv, Prof. Fizeau, Prof. Cotton and Prof.
Cabannes gave their lectures to the students of the
universitv. The confert'ncl' was formally opcned
bl' Prof. 'Zalll'lnand, I'resident of the French Society
of Physicists, and it was followed bv a welcome speech
bl' Prof. J. 1'. Mathieu, the organizing Chairman of
the conferenu'. The author was given the honour
of presiding over the o]ll'ning session. This was in
recognition of tl)(' pioneering work on the Raman
spectra of cn'stals carried out at Bangalore. There
were on the I\hole 30 delegates from the different
countries - America, Canada, (;rcat Britain, France
and India. Of the four Indians contributing papers,
onlv the author \l'ent from Iudia. The remaining
three arc \\'orking outside [ndia.

Historical Review

The scientific programme was divided illto five
sessions. The first s('"ion started with an intro
ductory talk bv Prof. E. HllI'stein (Philadelphia)
who revil'we,1 the milestones in the history of the
scattering of light and Haman effect in crystals, and
the experimental and theoretical aspects. He traced
the \l'ork of Einstein, Brillouin, Raman, Rasetti,
Rom, Krishnan and his collaborators at Bangalore,
Chandrasekharan, Gross, Stekhanov and their
collaborators, Mathieu and his collaborators, Birman,
Johnson, Loudon and others. He also indicated
broadly the future line of work both on the theoretical
and experimcntal aspects. He particularly referred
to the work of Dr I{ussell (UK) on the first- and
second-order Raman spectra of simple crvstals using
laser sources, and especially the recording of the
principal l~aman line of silicon by reflection. Future
work on the higher order Brillouin scattering, and the
Raman spectra of impurity doped crystals and of
crystals under high electrostatic field in order to
disturb the ervstalline field was referred to bv him.
His talk was 'followcd by four contributed papers.

Recent Experimental Results on
Raman Spectra

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

4

ponding to h:: O(f) and the multiphonon branches
with assumed values of Brillouin zone boundary
phonon frequencies consistent with the infrared

measurements. The next paper on the Raman
spectrum of solid hydrogen was presented by
Prof. H. 1.. Welsh (Canada). The vibrational line Q1(0)
of solid para hydrogen is very sharp and shifted by
11·3 cm.-1 froll? its frequency in the gas, the main part
of the shift being caused by the isotropic inter
molecular forces. The experimental results on the
effect of adding ortho-hydrogen were presented.
He showed that in the region of low concentrations,
exciton-excitation cannot apparently be sustained
by the fragmentary ortho-lattice and the components
observed are due to coupling with varying numbers
of ortho-molecules in the shell of nearest neighbours.
Dr J. P. Russell (UK) theu reviewed the recent work
on the Raman spectra of crystals using gas lasers at
RRE, Worcs. In this method, the crystal is placed
in an external resonator built on to the laser resonator
and the scattered light is examined at right angles
with the aid of a spectrograph. He described the
techniques together with the results obtained on
Gal' and Cal'2 over a wide range of temperature
up to liquid helium temperature, CaW04 at room
temperature and especially silicon which is practically
opaque at the operating wavelength of the laser.

Interpretation of Spectra

The second session started with Prof. H. 1.. Welsh
in the chair. The first of the three papers presented
by the author was on the Raman spectrum of magne
sium fluoride recorded with A 2537 excitation. The
Raman active fundamentals and their identification,
the force constants taking into account the stretching
and bending of the various bonds in the Matossi's
model were discussed. A feature of the spectrum
was the presence of two lines on the high wavenumber
side, the origin of these being due to some impurity
modes. In the next two papers, the interpretation
of the second-order Raman spectra of GaP and CaF2
was discussed. The critical points f, L, X being the
representatives of the Raman supercell modes, their
frequencies were obtained with the dynamics of these
crystals postulated by Ramanathan. Simple selection
rules were also pointed out in the assignment of these
spectra. The next paper presented by Prof. E.
Burstein (Philadelphia) discussed the interpretation
of the second-order Raman spectra of CsI and CsEr
Ilith space group selection rules of Ganesan and the
pbonon frequencies at f, R, M and X given by Karo's
calculations. The Raman and infrared spectra of
CaF2 were also discussed utilizing the experimental
phonon frequencies and the space group selection
rules of Ganesan and the phonon frequencies at f, L
and X given by Ganesan's calculations. The last two
papers of the session were on the Brillouin scattering
in crystals. Dr 1.. Cecchi (France) reviewed the
classical and quantum theories on the calculation of
the frequencies and the intensities of Brillouin
components and the experimental techniques using
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equilibrium constants for the assumed process

A +D ~AD
are given below:

Acceptor CHCI, CCI, CFCl,
Kflitre mole,l 0·085 0·096 0·074

It is interesting to note that two different specific
interactions have now been identified for mixtures of
chloroform and triethylamine, the hydrogen bond
interaction which can be identified and measured
quantitatively from the proton magnetic resonance
spectrum50 and the charge transfer interaction
mentioned above. The only other systems in which
charge transfer interactions involving carbon tetra
chloride appear to have been positively identified
from ultraviolet spectra are CCl4 + benzene and
CCl4 + mesitylene systems for which Anderson
and Prausnitz39 have measured the equilibrium
constants shown in Table 1.

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

It has been shown recently40 that the heat of
mixing of carbon tetrachloride and 1,4-dioxane
system is completely dominated by the specific
interactions between the components being large
and negative (-270 J mole- l at x = 0'5) at 25°C.
and having a large positive temperature coefficient.
The volume charge on mixing at 25°C. for this
system (Kershaw, R. W. & 'vVilliamson, A. G.,
unpublished work) is also large and negative al
though this alone should not be taken as an indica
tion of specific interactions since it has been
shown51 ,52 that such negative volume changes can
be explained at least for some simple systems in
terms of van der Waals' interactions onlv. Similar
results have been observed for the system poly
{propylene oxide)-dimethyl ether in which the heat
of mixing and volume of mixing are negative over
the whole composition range (Kershaw, R. \\I. &
Malcolm, G. N., unpublished work). Preliminary
measurements on mixtures of carbon tetrachloride
with diethyl ether, triethylamine :lnd pyridine
indicate that the he:lts of mixing of all these systems,
in which electron donor-acceptor interactions :lre
possible, :lre also exothermic.

Another approach to the investigation of the
charge transfer interactions in solution is via the
extended lattice theory of solutions developed by
Barker52 and Barker :lnd Smith53 . In this treatment
the quasi-chemical approximation is applied to the
distribution of contact pair interactions for a lattice
model in which the molecules are supposed to ha\'e
various kinds of 'contact points '. An energy of
interaction Uij, the difference between the potential
energy of inter:lction of an ij contact pair and the
mean of the potential energies of ii and jj contacts
is assigned to each unlike contact. The properties
of the mixture may then be expressed as a function

TABLE 1 -lvrOLECULAR COl\IPLEXES FORMED BY CARBON TETRACHLORIDE (A)

Donor molecule (D) Compound m.p. or /(f Method RC'fcrcncc

Benzene AD -34, r, r P,P,!' 31, 27, 36
A,D I, r, I P, p, !' 31, 27, 36

]( = 0·009 UV 39
HE VE 36, 41

Toluene AD -67,2 P 36
p-Xylene AD -4 I' 43
Mesitylene AD /(=0·113 UV 22
Pseudocumcne AD -43-3, -47-3 P, P 36
Diethyl ether AD -86,5 P 27

AD, r P 27
Anisole AD -57,3 I' 36

A,D r p 17
Tetrahydrofuran ? I P 18
1,4-Dioxane A,D -17'5, -18,2 P, P 38, 30

HE VE 40
Methyl-m-cresyl ether AD -42 P 17
Triethylamine HE
Pyridine A,D -42-6 P 26
Acetone AD I I' 27

VE 42
Ethyl acetate AD? or AD,? P 26
Butyric acid AD P 44
Methanol Compds ? IR 25

AD, P 44
Nitrobenzene Compds ? I' 45

I = incongruent; K = equilibrium constant in litre mole-I; P = phase diagram; HE = heat of mixing: VE = ,"olume
of mixing; UV = ultraviolet spectrum; and IR = infrared spectrum.
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HOHXf<;I & SI:"GHM.: THEHlIIODYNAMIC CHITERL\ OF llONDI;\G IN DYE AGGREGATES

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

Summary
The nature of thennodvnamic functions !:>F,

!J.H and !:>S for the monoiner-dimer cquilibria in
<kes, \·iz. fluorescein and rhodamin B, has been
sliown to give an indication of the type of bonding
ill\·olved. It has bcen estahlished that dimerization
in the case of fluorescein involves hydrol::en bonding,
whereas in rhodamin B hydrophobic bonding is
ill\·oked. The nature of the absorption spectra of
the dimers of the two dyes and their structures
pro\'ide additional support' to the above view.
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Use of Computers in Dissemination of Scientific Information

A two-year exprrimental programme sponsored
by the National Sciellce Foulldation (NSF), USA,
unckr a $ 2 million contract with the American
Chemical Society pro\'ides for the establishment,
by the Chemical Abstracts Service, of a computer
based n'gistry system for chemical compounds based
on chemical structure and for selected research.
About 400,000 references are expected to be fed
to the system ('ach year, of which 75,000 will re
late to nell' compounds; the system will identify
any compound which has previously been pro
cessed and assign the same number to it each time
it appears.

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

625



Dipole-Dipole Interaction & Dielectric Polarization In

Polar Liquids & Solutions*
nAT. KIUSIlKA, ~f. L. BALA "" S. C. Slil\·,\STi\\·.\

Laboratory of Physical Chemistry. University of .\J1ahallad, Allahahad

.. ,(6)

... (5)

... (4)
(Dipole lll11lllt'llt values t'xprcsscd as (L X lOlij C.S.H.)

TABU!: 1 - YALUES FOI< 1':L1~CTI(IC D/I'OLE l\!Oi\IE:\T OF SO:'\IE

SUGAI<S A~1l :\!\lI:"lO ACIIlS IN J'YHIHINE A:\» \V:\TEK

constant of the solution were plotted against gram
molar concentration of the solution with \\'ater;
and pyridine" as sol\"l'nts. The values of dipole
moment obtained employing Eq. (2) arc given in
Tahle I along with the values of dipole moment
obtained b\' Mizutani 7.

The vahie for IL for all the suhstances in pyridine,
with the exception of sucrose, ha\'e been found
by Mizutani 7 hy a slightly different method of
calcnlation. A value of 2·8 D for sucrose obtained
by Lmdt" is Il('('('ssarily inaccurate as no account
has hepn taken of the inl<'raction of the polar
solvent mokcules. Fnrther, with thc exception
of glycine, no onc has determined the 1'. value,;
for these substances in water. The IL valuc for
glycine given by Buckingham" has becn calculated
taking into acconnt the internal field function and
corresponds closely to the theoretical value. Our
own valuc of 11·60 for glycine is 1·7 units less than
13·30 obtained by Buckingham. But this difference
mav be disrr'gar<!e<! in such calcnlations which are
uecessarily approximate as no single formula gi\'es
accnratl' vahu's either for the dielcctric constant
of a mixturr' of two or more polar components or
electric dipole momcnt of one or all the components
of the mixture. Buckingham's formula" itself gin'S
negati\'c values for electric dipole momcnt in some
cases.

A closc examination of the data presented in
Table I shows that a value of 40 in pyridine
for lJ-ribosc ohtained by Mizutani 7 or 39·17 in
water as obtained hy us 'cannot be correct unless

Suhstance ]lyridillc \Vater

Authors I\'Jizlltalli1 Authors

I)-Galactose 11·41 11·30 11·64
L-Ara])i,wsc Y'22 Y·60 11-49
J....;lctnsc IHY 17-30
(~lycinc* 11·60
-x-Alanine 13-80
oc-D-Glm.:osc 7·99 14·10 12·05
J)-]\1an1l0SC 11·30 II·Y3
Hhall1ll()sc 11·30
Sucrose 12-40 (2'8)t 14·30
Maltose' 10·19

(C 12 H"OIl' H 2O)
I)·Hihusc 12·66 40·00 39·17
D-XylosC' Y·19 8·10 19·80
I)·Arabinose 4·02
L-Sorhosc 11·3Y

(E",,+2)2 r 'I
(2E -IE", 11" 12E(E", I-IHE", Ij
3V,E",] ]+--- ... (3)

(2E+E", I)'

where the subscripts I and 2 refer to the solvent and
solute respectively, C~ represents the concentration
of the pure solvent, and A and B are given by the
expressions

A _ _4rcNA (E",1+2)'.E(2E+l)
1- 9000KT (2~+;':1)'-'

A
2

= _4!,~.~ (E"'2,+2)2.E(2E+l)
9000KT (2.-j-E",t)2

B
1

= 3V]'(E",I- 1)
--(2'+E"'I)-

E
2

= ~V,E(E",2-1)
(2E-E",2) ... (7)

where VI and V 2 refer to the molar volume of the
pure component.

The measurement of dE/dC 2 was carried out at a
frequency of I Mc/s. with the help of an instrument
described earlier3,., and the values of the dielectric

Dipole Moment in Polar Media

ACCORDU\G to Onsager] dielectric constant of a
mixture of polar components can be expressed
in the form

E-I =4;:~N;[_ {J-; 0",;+2)'.E(2E+ I) -t-a;E(E"'i- I )]
')J<T (2E+<",,) (2.-I-E",,)

... (1)
where E i,; the dielectric constant of the mixture,
N;, p., and E",; are re,;pectively the number of mole
cules per cubic centimetre, the dipole moment and
optical dielectric constant of the ith species of the
polar components, and a.i represents the radius of
ith species of the molecule. The above equation
can be utilized' for caleulating the electric dipolc
moment of a solute dissolved in a polar solvent.
Expressing N; in g. mole/litre, and a.t in terms of
molar volume of the pure component and differen
tiating with re,;pect to C, the gram molar concen
tration, one obtains for a binary solution

·Contribution to the Symposium on Chemical and Non
chel11i~al.Interactions sponsored by the University Grants
CommIssIOn and held at the University of Gorakhpur,
Gorakhpur, UP, February 1965.

·Value determined by Buckingham' in water, 13-30.
tYa1uc determined hy Landt!.
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TABLE 2 - RELAXATIOr\ 1'[1\1£ IN PVRILlIr\E AT 25°C.

Substance Formula 6.,'

Maltose C"H"Oll' H,O 0·6000
a-D-Glucose C,HI!0' 0'4769
L-Sorbose C,HuO, 0·8200
L-AraLinose C,HI.O, 0·2300
o-Ribose C,HlOO, 0·5484
o-Xylose C,HI.O, 0·9300

However, this definitely proves the fact that the
sugar molecules rotate individually rather than
with groups of pyridine molecules attached to the
sugar molecules. The same conclusion has been
arrived at by Aaron and Grantl1 in their measure
ment of dielectric loss for glycine in water. The
reason for this individual rotation is that the energ-y
required to rotate the individual molecule is slightly
less than the hydrogen bond formation between
solute and solvent and this is what should be
expectedll since the bond energy is the energy
required to separate two molecules completely.
We are, therefore, justified in assuming that the
hydrogen bond formation does not interfere in the
present dielectric measurements.

Summary

Electric dipole moment data for some sugars
and amino acids in water and pyridine, calculated
by applying Onsager's equation, have been criti
cally examined. It has been shown that, with a
few exceptions, the values of electric dipole momen t
thus obtained are reasonably accurate. Chemical
interaction, occurring as weak hydrogen bonding
between the solute and solvent molecules, docs not
interfere with the accurate determination of electric
dipole moment of solute molecule. Dielectric loss
measurements, carried out with six mgars at a
frequency of 9'84 kMc/s. with pyridine as solvent, lend
support to the view that in a high frequency field
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6.," 6.," ,,,10" "6.7 Sec. A.

2·0300 3·3800 54-69 2·66
1·4220 3·1550 51·05 2060
0·5800 0·7073 11·45 1·57
0·6800 2·9560 47·83 2·55
0·8720 ),6000 25·89 2·05
0·5300 0·5700 9·22 H7

the sugar molecule rotates individually rather than
with groups of pyridine molecules attached to it.
Similar studies carricd out with glycinc in water
lead to the sallle conclusion.
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Chemical Reactions Induced or Catalysed by Ultrasonic Waves:
Decolourization of Dyes by Ultrasonic Waves*

SATYA PRAKASH & SHEO PRAKASH

Chemical Laboralories, University of Allahabad, Allahabad

SI:\CE 1927 when Richards and Loomis! carried
out a preliminary experimental sun"'y of the
chemical effects of high frequency ultrasonic

\\,al'es, a large variety of chemical r('actions have
been found to tak,' place under the influence of
liltrasonic waves. Oxidation 2-4, reduction",6, de
composition 7 and hydrolysis8 are some of the re
actions that are eitlln initiated or accelerated by
ultrasonic \\'av,'s. The insonation of solutions of
amino acids9 , proteins and carbohydrateslo,ll leads
to some interesting results, and some workers l2
ha\'(~ reported that ('vcn thl' bl'nzen,' ring could
be broken by ultrasonic waves. Dming the past
fe\\' years, we have bel'n interested in carrying out
experinwnls on the decolomization of solutions of
dyes belonging to triphenyl methane, aw, azine and
phthalein groups. Some of the signilicant results
obtained have been revi"IVl'd in this paper.

Most of the reactions taking place in liquid media
under the influence of ultrasonic waves have been
explained on the basis of cavitation, i.e. the forma
tion and collapse of the cavitil's produced jn the
liquid. Various theories have been put forward to
account for th(' activities associated with the cavi
Lit ion depending upon th(' thermal, electrical or
pressure pheuomenon which are coincident with
the bubble collapse. Lindstrom l3 suggestell that
act i\'(. molecules may be fonn('d either at the birth
of the cavity, during its lifl'lime or during the
collapse of the cavity, and also by tIl(' interaction
between the surface layer of the bubble and the
oscillating liquid medium. The energy released as
a result of the collaps" of the cavitating bubble
disrupts the water molecule almost in the same
way as ionizing radiations such as X-rays ancl
Y-rays dOH Thus hydrogen atoms and hydroxyl
radicals arc produced as a result of ultrasonic
decomposition of water:

H,O -~H+OH

What happens then with the free radicals thus
formed is a complicated process. The production
of h~·drogen peroxide, hydrogen, nitrous acid and
nitric acid has been reported by several workers3,14,

~nd this depends evidently on the many, often very
mtncate, factors that Influence the reactions where
the chain carriers are the free radicals. The pre
dominant reactions are probably

OH+OH -~H,O+O

H+H--~If,

H+OH-~H,O

H+H,O, -~II,O-I-OH

*Contrihution to the Symposium on Chemical and N'on
chcmi~al. Interactions sponsored hy til(' University Grants
CommiSSIOn and. held at the University of Corakhpur,
Gorakhpur. UP, Fehruary 1965.

When oxygen is present, the possible reaction IS

the formation of perhydroxyl radical.

H+O,-~HO,

When nitrogen is present, NO;!, NO; or even am
monia may be produced.

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

Decolourization of Dyes

The effects of exposing aqueous solutions of dyes
such as congo red ls , chrysoidineI6 , aniline bluel7 ,

brilliant green18, rhodamine ]319 and bromocresol
green20 to the action of ultrasonic waves (I Mc/s.)
for different intervals of time have been investigated,
and the changes in the colorimetric readings, hydro
gen ion concentration and specific conductivity of
the readings have been recorded. It has been
observed that the specific conductivity and hydro
gen ion concentrations of the dye solutions increase
with increase in exposure time. When a solution
of rhodamine 13 (1,42 X 1O-6M, pH 7,1) is exposed to
the action of ultrasonic waves for 30 min., the pH
of the solution falls to 4·37. The speeifie con
ductivity of the solution varies from 0-061 X 10-4

mho to 0·454 X 10-4 mho. A colorimetric study of
the kinetics of the decolourization process has shown
that the process is unimolecular. The rate of the
elecolourization depends upon the initial concen
tration of the dye solution; in the case of rhodamine
B solutions of concentrations 1'42, 1·78 and 2·13
X 10-6M, the time taken for complete decolouriza
tion is 30, 40 and 50 min. respectively.

When a small amount (4 per cent by volume) of
ethyl alcohol, n-propyl alcohol, n-butyl alcohol,
diacetonyl alcohol, ether, acetone, or dioxane are
added to the dye solutions (e.g. bromocresol green20
and rhodamine 1321) before irradiation, the decolouri
zation is almost completely inhibited. This has
been attributed to the high vapour pressure, sur
face tension and internal pressure changes. Sub
stances possessing high vapour pressure, low surface
tension and low internal pressure have been found
to suppress the breakdown of cavitation bubbles
and hence sufficient energy is not available for the
reaction to take place. In non-aqueous media,
ultrasonic waves have not been founel to initiate
or aecelerate chemical reactions. This has been
attributed to surface tension and the fact that the
values of surface tension and internal pressure for
water are 4 times greater than those of most organic
compounds. Higher the surface tension or internal
pressure, greater will be the cavitation, and hence
the energy released at the time of the collapse of
the cavity will be sufficiently large leading to
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various types of reactions observed in aqueous
medium.

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

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

Decolourization of dyes by ultrasonic waves has
been found to be irreversible, and the colour of the
dye solution is not restored either by keeping it
for some time or by the addition of oxidizing or
reducing agents. This shows that the dye molecules
are permanently destroyed. As dyes belong to
many different chemical types, it is clear that no
single or simple mechanism can be put forward to
explain the decolouri7,ation of dyes as a class. The
decolourization of dye molecules by ultrasonic
waves may involve oxidation, reduction and de
composition processes.

Summary
The results of investigations on the decolouriza

tion of aqueous solutions of some common dyes,
viz. rhodamine E, bromocresol green, congo red,
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aniline blue, chrysoidin,~ and brilliant green, hy ultra
sonic waves (I Mc;';.) have hc('n rC\'icwed ami the
mechanism of the decolomization has hccn discnssed.
Some of the significant findings of til<' stndic,; arc:
(i) the dccolonrization reaction is nninlOlccular;
(ii) the pH and til<' specific condndivitv or the (h'e
solutions increase on "~posurc to ultrasonic wa\'('s;
(iii) organic suhslaJ\('('S, \·iz. alrohols, dlll'r, "cetolll'
and dioxane, inhihit tlll~ decolourization n';H·tion;
(iv) in non-aqlH'ous ml'dia, nltrasonic wa\'('s Ila\'e
no effect on the dyes; and (v) the ahsorption maxima
of the ,h'es do not ch"ng(' witll the dl'colourization
of the d~·l'. It is l'onchlllcd that no singk or simple
nwchanism can he put forward to explain fill' de
colomizatiou reaction of dv,'s as thev an' of manv
diffnl'nt chemical tvp"s. 'It is sugg;'sll'c1 that d,',
colourization of "'1I\('OllS solntioll of d\'(·s m,,\'
involve oxidation, n'ducfion and llc"olnposition
procl 'ss{~s.
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~ (01 ~H1,3-H ~
~~+( Shifl ) ...~

H~ H

H+ I(ill) ('21)

( b)

ttd-~~H~

Chart 3 - ..Mechanism of the conversion of ~-caryophyllenc

alcohol (Ill) to isoclovcnc (\')

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

It is not yet clear whether all these shifts take place
in a concerted manner or follow in stepwise. Accord
ing to de Mayo, this rearrangement would be an
example of an ' interchange rearrangement' of which
the earliest analogous example is the conversion of
santonic acid to parasantonide, reportec;l in 1950 by
Woodward and Kovach12.

Another transformation (Chart 4) has been reported
recently by Wamhoff13 on caryophyllene oxides.
An usual cyclization-rearrangement of the caryo
phyllene skeleton takes place when caryophyllene
oxide was treated with aqueous acid14 ,15. The
products comprised a C-9 epimer of the glycol which
has been assigned structure (X) on spectral grounds
and three carbonyl compounds, identified as aldehydes
and isolated as the 2,4-dinitrophenylhydrazones.
On the basis of chemical and spectral evidences,

structures (XI) and (XII) have been fixed for the
two carbonyl compounds (for the third carbon~'l

compound, no structure has so far been alh-anced).
The formation of the ~lycol (X) from caryophyllene

oxide by mild acid catalysed hydration has been
explained by Aehi d aP' as shown in Chart 5.
Similarly, the conversion of iso-caryophellcne oxille
(XIII) to till' C-9 epimer of the ~lycol (XIV) has abo
been reported.

According- to Warnhoff'3 a direct rearrang-ement of
the oxide with least structural chang-es results in the
formation of an eight-nwml)('red carboC\'cle (Xf).
The assigned stereochemistry of the product (XI)
follows from the expected inversion during oxide
rearrangement.

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

Humulene
Acid catalysed hydration of humulene'·l. (XVII)

gave a saturated tricyclic alcohol, designated now as
Il-caryophyllene alcohol, and this has been recentl~'

assigned' structure (X\'llI) on the basis of an X-ray
diffraction studyij (Chart 7).

A especially simple mechanistic explanation for
the formation of Il-caryophyllene alcohol (XVIII)
from humulene has Iwen given by Corey and :\ozoe17 •

This transformation has been depicted as im'o!\'ing
a prototropic [('arrangement of humulene to the
isomeric conjugated triene (XIX), followed by

~~.
H+

in"
~

H-OH

(IX ) (Xl

-co: ~ ffi
OH

(XTlIl (XTIl )

~ +VCHO

H~OH
(IX I IXI

+ -t::y)CHO

I XlII

,xu ( IX)
(XI)

R-CHO
or

CH-N'~9N02
NOZ

Chart 4 - Cyclization-rearrangement in caryophyllene
oxide (IX)
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Chart 5 - Mechanism of formation of glycol (X) from
caryophyllcnc oxide



SAJ\THANAKRISHNAI'\: ACID CATALYSED REARl{ANGEMEKTS IN THE SESQUITERPENOlD SERIES

Chart 8 - Mechanism o( formation of ~,caryophyllene

alcohol (XVIll) from humulene (XVIl)

I XXlI

IXX)

I XXll)

I XIX)

OH
~

Illlli

IXlI.ill)

I XVI)

R=CHO or

CH- N- ~-\Q>-N02

N02

Chart 6 ~ .\rcchalli~1ll of forlllation of aldt.'hnh.' (XII) from
caryllphyllt'llC oxide .

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

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

Chart 9 -- Mechanism of transformation of longifolene
(XXIIl) and longibornyl chloride

/1/
Q ~---~
~CI f~ CI"~

(XXX)

(~)

(XXI'l)

~CI

(XX1l!:)

W:
CI

W
(XXY)

LXXIX)

(XXllII)

(XXIII)

protonatioll of tilt' conjugakd triene with sulN~qucnt

formatioll of 1111' carhoninm ions (XX), (XXI) and
(XXII), The linal carbonillm iOIl (XXII) would
lead to thl' formation of O',-car~'ophl'llelle alcohol
as shown in Chart S,

Longifolene

Long;ifoil'ne, the triCl'ciic ses'luill'rpclll' with a
nol'('! ring skl'1eton, gal'!', on treatment with HCI,
a solid l1iollohl'drochlorid,' whose structure 1I',IS tix(',[
unamhig;uon,I,i' hI' th,' X-r,tI' crl'stallographic study
bl' Moffdt and l{og,'r,;'", TI,is phl'sical "I'idencc
coupled with the ,'xcdlt'nt degradatin' c1ll'mical
,tudl' bl' Ourisson and CtlII'Orb'r,I!l-" il'ad to the
forniulation of longifoll'n,' as (:\XIII), From the
struelun' of 10llgihorlll'I chloride (XXI\'). it is
quiif' "I'i,il'nt that this transfortllation inl'oil','s a
\\'aglH'r-M"l'l'II'eill shift ,IS shown in Chart 9,

HOwl'I'er, it ,hould he noll'd that whiil' c:unphenc
(XXIX), of lI'hicl, longifo!r:n" Ina\' he cOlbiden'd as an
i-opn:ne homologne, gil'l" with Hel isohornl'! chloride
(XXX), 10Ilgifolen" forms exciusi\'('!I' longihornl'!
chloride, So the hl'drodJiorination is rigorous!v
sll'reosjlecilic in the fortner case and stereoch~micall\'
abnormal ill till' latter. There are other abnormalities
seen in thl' case of longifo!r:ne, e,g, the accclcration of

Cll;ll't 7 - Fllrtll;dillll of 'X-c;lr~'oph~'I1l'Ill'akohol (:\.\"III) hy
;ll'i<l cjll;d~''''t'd h~'drillilll1 uf hlllllUklH' (:\.\'11)
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Chart 16 - Formation of cyclopyrethrosin acetate (LlII) from
pyrethroslI1 (LII) by acetylation nnder acidic conditions

+
RcJ

~O"=O
H~

OAe

( Lit )

OAe

@o
OAe

(L1II)

(LVII) (LVIII)

t

etx:-CP-
(LVi (LlX)

Chart 17 - Mechanism of formation nf widdrol (LV) from
thnjopsene (LIV) suggested by Enzell"

Pyrethrosin
Pyrethrosin. a sesquiterpene lactone, has been

shown35•36 to possess the structure (LIl). The most
significant single experiment on this sesquiterpene
was the attempt made to acetylate the compound
under acidic conditions. Treatment with acetic
anhydride and p-toluenesulphonic acid under reflux
gave in &ood yield a crystalline compound, cyclo
pyrethrosll1 acetate (Chart 16). On the basis of
chemical and spectral evidences this derivative
has been assigned structure (LIII). The mechanism
of this transformation has been provided by Barton
and de Mayo.

Widdrol
The preparation of widdrol from thujopsene is

indeed a unique example of the acid catalysed
rearrangement involving an expansion of a ring.
The absolute configuration of thujopsene has now
been well estabLished as (L1V). Hydration of
thujopsene37-41 with oxalic acid furnished an alcohol.
shown to be identical with widdrol (LV), the structure
of which has recently been elucidated..·•3 and con
iirmed later by synthesis'" Enzell suggested that
this transformation (Chart 17) involves first a trans
diaxial addition of water to the double bond. forming
the intermediate (LVI) followed by an acid catalysed
opening of the cyclopropane ring. .

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

(LV)(LXI)( LX)

hi~hly unlikely. invoh'ed the formation of allylic ion
(LVIII). folloll'ed by its collapse to the (hene (L1X)
and finallv thc formation of widdrol hv the hn!ration
of the diem'. The other route \\·hich h;" be('n
considered as more likely invol\'('S the rearrangement
of the ion (LVII) to the isomeric cyclopropl'l rarbinl'l
ion (LX) lirst ;,nd thcn to hOllloalll'lic ion (LXI) alHI
finall~· giving \\'iddrol hy direct h~'dration of the j'l11

(LXI).
By adopting the labelling technique. these authoh

ha\'e succeeded to pinpoint the correct path\\·ay. \·iz.
that il1\'oh'ing the isomeric c~'(lopropYl carbin~'l ions
(LVII) and (LX).

Epoxidation of widdrol4G (LV) afforded cis- am!
trlllls-epoxy alcohols (LXII I) and (LX I\') resl1l'c
lively. Acid isomerization of the trl/lls-epoxv alcohol
gave an h\'droxy ether (LXVII) as the sole product
while the ci.~-epo.w alcohol \'ie/ded three diols
(LXVIII, LXIX an'd LXX) (eilart 19).

This reaction has heen cxtended to widdrol ethYl
cther (LXII) also and here again epoxidation lead io
the isolation of cis- and traus-cpOX\' l'IhYl ethers
(LXIV. LXVI). Acid treatnwnt of IrtiIlS-epoxy'
ethyl ether (LXV) gave a complirakd mixturc
from whirh \\'as isolated two isom('ric hvdroxv ethYl
ethers (LXXI. LXXII) and an ulbatur;lted l:ther of
unknown structure. The cis compound ga\'e under
similar conditions two isomeric h\'(1 1'0:\ \. ethYl ethers
(LXXIII, LXXIV) (Chart 20).' . .

These studics revealed that in CtllYl ethers. the
migration of angular methyl group \\'a's indt'pcndent
of the configuration of the epoxide ring. Further,
in the case of Iralls-epoxidcs (LXIV and LXVI),
the acid catalvs('d isomerization could be easily
visualizcd as o'ccurring by a concertl'(! nwchanisni.
The b('ha\'iour of cis-epo:\ides (LXIII and LX")
warrant('d further ('xplanalion. Enzell42 first sug
gested a soh'ated intermediate to explain thc occur
rence of cis-mcthyl migration. But Ito cl 1/1.43

Chart 18 - - :\-lcchanislll of formation IIf widdrq] (I.Y) from
thujup5cm: 511ggcslcd hy Uiluhl'll ,ll1d Frit.·driL:h.ar;

( LV)(LVI)(l,.IV)

<i36
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the C-4 methyl and C-6 iX-hydroxyl groups and
the formation of intramolecular hydrogen bonding
between the C-6 and C-8 hydroxyl groups.

Summary

The acid catalysed rearrangements, observed in the
field of sesquiterpenoids, have been critically re
viewed ;tnd such examples have been selected which
emphasize skeletal rearrangement. Cases of a mere
opening of a cyclopropane ring without any further
rearrangements have been excluded.
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havc rulcd out this possibility on thc groun(l that
such an intermediate would lead onlv to a triol
whose formation would bc highlv unfikdv dne to
triaxial int('factions hetween the C-4 and C-Ilmcthr1s
an, I thc newlv formed 61.-hvdroxI·1. The rcmovaf of
non-bondcd intcractions bl·twceJi the C-4 and C-II
methvl groups has been considered bv thcsr. authors
to be thc driving force for methylllligration ohserverl
in the casc of cis-epoxides.

Finalll', the non-formation of hydrox\, ether in
the cas~ of cis-epoxide (LXIII) ha~ hecn' attributed
to the fact that attack of thc C-S hl'drowl on thc
carbonium ion at C-5 docs not oc'cnr 11('1'(' since
the approach of thesc two centres being inhibited
bl' the increased non-bonded interactions between

Chart 19 - Ep:)xidalioll of widdrol (1.\') til ris- and tralls
epny alcohols IILXIII) and (LXI\') resjll'ctiVl'lyj and their

su!Jsl·:pl:,.'nl istlll1·:rizatitlll in acidit.: llIedium

Chart 20 - Epoxidation of widdrol ethyl dhcr (LXII)
to c;.<- and tralls-,'pox,' dh\'l eth"rs I(LXI\') and (LX\'!)
rcspccti\'CIYJ and SUllsc<jul'nl isullH.'rizalivll in addi..: Illl'dium
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Pharmaceuticals & Drugs Research Committee, CSIR:
Progress Report for 1964

NITYII ANAND

Central Drug Research 1nstitutc, Lucknow

THE Pharmaceuticals & Drugs Research
Committee is one of the eleven research
committees of the Council of Scientific &

Industrial Research. It was constituted in 1940
with the main objective of ' going into the <juestion
of manufacture of important drugs in India' in
order to suggest steps to overcome the shortage of
some essential drugs during the war year,;. With
this end in view the Committee spon,ored research
schemes for developing indigenous know-how for
the manufacture of essential drugs, both synthetic
and of natural origin. After the end of the war
the Committee enlarged its scope to include schemes
of a more fundamental nature concerned with ;111
aspects of drug research. In addition to supporting
research schemes in various universitics and medical
institutions, the Committee rccommcll(kd setting
up of a laboratory where the \'arious disciplines
invoh'cd in modern drug research could he brought
together in an integrated approach to the problem
of de\"elopment of new drugs. On the ba,is of these
recommendations the Central Drug Research Insti
tute was established iu 1950 at Lucknow. Later
with a view to making a\'ailable the more important
medicinal plants the Committee, in joint consulta
tion with the Essential Oils Rescarch Committce,
the Indian Council of Medical Research and the
Indian Council of Agricultural Research, recom
mended the setting up of a centralized agency for
the cultivation and collection of Indian medicinal
plants, and this ultimately re,ulted in the establi,h
ment of the Central Indian Medicinal Plants
Organilation.

The Pharmaceuticals & Drugs Research Committee
has also been sponsoring the survey and compila-
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tion of data regarding indigenous medicinal plants
and the research done in the fil·ld of drugs in India.
The fnd-ian pharlJlaCf1ttical codex and the Glossarv
of fndian 1IIed-ici/lal plants aI"<' til(' outcon1l' o'f
schenws supported hy thi, Committee. The prc
paration of two rcviews, 'Clinical trials of drug,;
carricd out in India' and 'l~"s"arch clon!' in the
field of meclicin;t1 chemistry in India', has no\\'
hern undertaken and the,;e a;'l' likl'lv to be p\lbli,;lwd
bv the end of 1965.

'The Committce has so far s;lnction"d ahollt 180
research ,chcn1l's on \'arious aspects of drllg re
search which include:

1. Pharmacological in\"('sligation of rlrllgs
2. Chcmical inH'stigation of Indian mcdicinal

plants
3. Synthe,;is of new drug,;
4. Studies in antibiotics
In additioll to the'" ad hoc ,;clleml'';, the Committec

has also be'ell extending lillallci;t1 sllpport for the
creation of ,;chools of n',,'areh lIndn 11ll' gllie!;tnc('
of sci('ntists of pro\"('n ability and m('rit: TII('se
,;choob eneOllr<igl' ,;cj('ntisls to take np !ong-ICTm
pro!dems of a flln(!;tnwlIbl lI;ltlll"<' ;llId abo Ilclp
in the training of yOllllg s('i,'ntists. Th(' I'h;lI"tna
cl'\ltic;t1,; c\ Dn'gs I~,'search Committec is at pr(',;ent
operating ,;ix 'lich units.

In orcin to pro\'ie!e faciliti('s for thl.' clinical
e\'allwtion of IH'II' hiologic;I!ly ;Icti\"(, compounc!
that she)\\" promise in ,;cn'ming, the Commit(,·(, ha,;
set lip a c1inic,,1 tri;t1 unit ,II Sl'th (;.s. ~ft-dic;"

Colleg(', Bombay.
\\'ith ;1 vil'II' 10 utilil.ing the largl' amo\lnt of

cllclr,ica! lI'ork Iwing don" in till' country in lIni\'('!"
,;iti!'s alld other chcmicl! lahor<itori(',; which do
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found to be particularly active and was. therefore.
studied in greater detail. No untoward effects or
tolerance to the drug were noticed.

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

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

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

B-iochemical and im11!unological illvestigat-ion of the
toxins of clostridia - With a view to studying the
role of ATP in the action of the toxin of clostridia
the ability by the various tissues of the susceptible
species like rat as well as the non-susceptible species
such as pigeon to produce ATP in the presence of
tetanus toxin has been investigated. It has been
found that the toxin had no action on the respira
tion of brain and liver mitochondria of either of
the species. It. however, uncoupled the oxidati\'e
phosphorylation of rat brain mitochondria. It has
no action on the swelling or shrinking of mito
chondria. ATPase activity of rat brain mito
chondria, measured by the increase in phosphorus
content, was also not affected by tetanus toxin.
A brain mitochondrial fraction was found to fix
the toxin. while rat liver mitochondria was not
able to do so. It is interesting that though the
pigeon is resistant to tetanus toxin. its brain homo
genate had tbe same capacity to fix the toxin as
that of the rat brain mitochondrial.

Further. by studying sonicated mitochondria it
was found that the intact mitochondrial structure
was not necessary to fix the toxin but particulate
matter was required for its fixation. Preliminary
experiments with mice supported the claim that
clinical tetanus could be cured by treatment of the
patients in an oxygen pressure chamber. Experi
ments on the effects of adrenaline in mice injected
with toxin showed that adrenaline in Vil'O did not
protect the mice (H. 1. Jhala. Haffkine Institute,
Bombay. 1963-64).
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Preparation and pharmacolo{!,ical screening of 3,4,5
trimethoxybenzene derivatives - Since trimethoxy
benzene is a common structural feature of many
centrally acting drugs such as reserpine. trimegla
mide. mescaline. 3,4.5-trimethoxyamphetamine and
asarone. a number of trimethoxybenzene deri\'ati\'es
were synthesized as simple analogues of reserpine.
Of these, 3.4,5-triml'thoxybenzamide and its N-acetyl
derivati\'e wcre found to ha\'e the most promising
activity. Gross observations on intact mice and
rats and avoidancc behaviour studies have shown
that these compounds possess eNS depressant
activity, potentiate pentobarbitone hypnosis and
exert a modcrate effect on conditioned m'oidance
response of trained rat>; (P. C. Dandiya, S.II1.5.
Medical College. Jaipur, 1963-64).

Studies OtZ Indian Medicinal Plants

Cultural al1d che1l1ical inl'estiKation on brahmis
and betas - Chemical investigation of Centella asia
tica Linn. (lJrh.) yielded an estcr glycoside, i50
thankunoside. who,e aglycone isothankunic acid
has been found to be 3(,(.5~..6(,(,24-tdrahydroxy-urs
12-ene-28-oic acid. The conformation of the hydro
xyl groups and the position C-24 for the primary
hydroxyl group were arri"ed at through lead tetra
acetate oxidation and examinat ion of atomic models.
Methyl isothankunate on oxidation and alkali
treatment yielded a diketo compound. Both the
diketo compound and isothankuno,ide show promis
ing hypoten,ive and antifertility acti\·ity. Bacopa
11l0nniera yielded a new triterpenic saponin. mon
nierin. Glucose and arabinose h,l\'e heen shown to
be the sugar components. From other chemical
studies such as ml'lhylation and isolation of IT.dh\·
lateo sugals. Barry's dl'gradation and thc applica
tion of Klyne's rule. monnierin is bpst represent
ed by 3-0-["'-I.-arabinofuranosyl-(l--75)-0-a-L-arab
inofuranosyl- (1->5)-0-<>:- I.-arabinofnranosyl- (1-+6)--
O-~-1)-glucopyranosvl-l D-IIyd rox ymethrl-20-hyd roxy
16-keto-dalllmar-24-('ne (U. P. Basu. Bengal
Immunity l{('search Institute. Calcutta. 1963-64).

ScreeninK of Indian 1I1edicinal plants and antibio
tics - Crude l'xtracts of some tWl'nty Indian medi
cinal plants \\'el"(' screened for their in vitro anti
bacterial and antifungal acti\·ity. Of thpse Lawsonia
inter1l1is Linn. (lr'an's) and lI10rillda cilrifolia Linn.
(roots) were found to possess antitubercular acti\'ity
while Feronia etcphalltl/1I1 (fruits) and Piper betle
Linn. (speds) wcre acti\'e against S. typ/wsa.
V. cholera and Shigella dysel1trae.

The alkaloid fractions of !\n'nty plants were
also tl'stl·d for antih;lcteria\ and antifungal acti
vity. Only thl' alkaloids of NYlllpliea allea showed
antitubercular aeti\'ity (S. S. Bhatnagar, Caius
Research Lahoratory. St Xa\'il'r's College. Bombay.
1963-64).

Cardioi'asc7ltar principle fr01l1 certain specie., of
Legu11lino.,ae - I n view of its reported cardiotonic
activity Clituria temalea Linn. was taken up for
detailed chemical inn·stigation. Cold ethanol ex
traction of defatted seed powder and fermentation
of the extract with the enz~'me present in the seeds.
follo\"ed by treatment with freshly prepared lead
hydroxide, ga\'e a mixture of glycosides. Fraction
crystallization of the mixture separated it into
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The il1\'estigation of the cyclization of I-arylamino
or arylmercapto-3-butanones using polyphosphoric
acid has shown that due to intermolecular hydride
transfer a mixture of the tetrahydro and the com
pletely aromatic structure was formed. A detailed
study has been made of the stereochemistry of this
hydride shift. The application of this reaction to
the synthesis of 6-azaequilenin and 6-azaestrone is
under il1\'estigation (B. D. Tilak, Department of
Chemical Technology, University of Bombay,
Bombay, 1963-64).

Synthesis of azasteroids - A number of aza ana
logues of hexesterol of the types (I II), (IV) and (V)
have been svnthesized. Thesc compounds can also
be considered as analogues of 2-arylaminopyrimidines,

sulphonyl ureas and biguanides it seemed of interest
to synthesize compounds having both these chemical
moieties in onp structure, Eight biguanide deriva
tives containing a 1,3,4-thiadiazole moiety substi
tuted at the 5-position with groups like methyl,
ethyl, propyl, isopropyl, butyl, phenyl, benzyl and a
8-ethoxyquinoline ring having an ethoxy group at
8-position have, therefore, been synthesized as
potential hypoglycaemic agents. These were pre
pared by condensation of the appropriate amino
thiadiazoles with dicyandiamide (D. P. Basu,
Bengal Immunity Research Institute, Calcutta,
1963-64).

Synthesis of ehell/ol/zerapeuticals related to steroids
and lysergir acid - In a projected synthesis of lyser
gic acid analogues of the type (II), a method has
been standardized for the synthesis of (I) and
attempts arc under way to prepare compounds of
type (II),
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three main constituents A, Band C whose physical
characteristics ,\r(' described (M. P. Khan\ Lucknow
l'ni,'('rsity, Lucknow, 1963-64),

(hell/ical il11'estigatiol1 of Indian 1//edieinal j>lants
- From Sayc()('(Jcca j>YlIl1ifOYlllis threc steroidal alka
loids \\'('re obtained, two of which haH' been shown
to be 3-dinwthvlamino-20-ac<'lylml'lhylamino-preg
n:LIH' and 3-dim<'!hylamino-20-ac<'!ylmethylamino
pregn-5-('IH' (.\, !{. Kid\\'ai, Aligarh ~luslim llni,'er
sin', .-\Iigarh, 1963-(4),

Synthesis of Potential Biologically
Active Compounds

Synthl'sis of UI'1, antis/,asll/l,dics ill thl' isoqllinolille
saies - TIl(' \\'ork on iS0'luinoline deri,'ati,'cs has
bl'l'n c~ll'nded to I\-snbstitllll'd 1,2,3,4-ll'trahydro
iS0'lninolines with a ,'i,'\\' to obtaining pol<'nt anti
spa"nHldics, Se\'l'ral componnds ha,'e been obtained
1)\' reacting o,r~-bromol'lh\'1 Ill'llzylbromide with
aniline, o-toluidine, o-anisidilH' and 4-amiuoanti
pyrinl', Similarly, l-piperidino-3-aminoiso'luinolinc
and l-piperidino-3-amino-4-ethylisoljuinoline have
bet'n pn'parecl by condensing piperidine with tl\(,
corn'sponding I-bromoisoljllinolines, All thL'se COIll
ponnds are Iwing screened for thL'ir physiological
acti,'ity. 1\ ,1\ - bis - (3-methyl- l-isoquinolynll'thyl)
~.-ITIl'thyl-r~-pll('nylethylaminc, prepared earlier, has
been found to possess twice the antispasmodic
acti,'ity of papa\'(~rine and it also cxerts a neuro
tropic action like that of atropine (l', P. Basu,
Bengal Immnnity Research Institull', Calcutta,
1963-64),

A lIIino acid aud j>ej>lid/' derivatives as possible anti
1/lII/OIIY cOlI/pllllnds - In view of the role of amino
acids as the: carri('r moiety in alkyiating agents, the
s\'lllhesis of certain new amino acids and arylbigua
nid,'s and their I\,I\-di-r~-chlorol'lhyl deri,'ati\'l' as
potl'utial antic;lnC('r agl'nls has been undertaken
and abont 30 nt'\\' 1\ ,I\-his-[~-chlorll<'lhyl 'lrylbigua
nidl's I,a\'(' Ill'en synthesized. The arylbiguanidl's
were synthesizl'd by threc differcnt ml'lhofb: (i) by
condensation of N'-aryldicyandiamide and bis
[l-chloroethylamine hydrochloride; (ii) from N ,N-bis
chloroethyl-dicyandiamide and the appropriate aryl
amine hydrochloride, and (iii) by condensation of
ar~'lguanidine and N-bis-chloroethylcyanamide, The
l\-carbl'lhoxy hydrazides \\-erl' synthesized from
amino acid ethyl esters by condensation with
l\,;';-bis-[l-hydroxycthylhydrazine, followed by
l\-carbethoxylation of the amino group and treat
ment with thionyl chloride (A, B. Sen, Lucknow
Cni\'l'rsity, Lucknow, 1%3-64).

Syntllcsis of compounds allied to pyrethrins and
their biochemical 1//echanis11l of ael-ion - Some ali
cyclic ,1Ild cyclic ketones have been prepared as
starting materials for a projected synthesis of
pyrethrins.

In addition, a number of 2,4-dinitroacridones
ha"e been prepared for their possible insecticidal
value. These were synthesized by condensation
of dinitro-j>-chlorobenzoic acid with the appropriate
amines followed by cyclization with sulphuric acid
or phosphorus oxychloride (5. S. Parmar & A. K.
Sen Gupta, K.G. Medical College, Lucknow, 1964).

SYllthesis al1d studies on antidiabelie drugs - In
vie\\' of the hypoglycaemic acti,'ity shown by certain
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some of which possess anticancer actiyity. These
compounds have been tested and found to be
inactive against lymphoid leukemia L-1210 in
tissue culture and in tumours in mice (J. J.
Nerukar, Ram Narain Ruia College, Bombay,
1963-64).

Preparation of steroid IlOnnones from diosgenin
With the object of exploring the po:;sibility of
indigenous production of steroid hormone;, a survey
of various natural sources of steroidal saponins has
been carried out. The conversion of the saponins
to intermediates required for the preparation of
various steroid hormones including cortisone has
been studied. The yams of D. prazeri from Darjeeling
area and of D. del/oides from Kashmir are parti
cularly rich in diosgenin l -'. A method has been
developed5 for the preparation of diosgenin from
these yams, in which the hydrolysis of the saponin
and extraction of the diosgenin thus formed is
carried out in one step. A study of locally a\'ail
able agave plants has shown that Agave cantalta
and A. sisalana waste contain 0,4-0,5 and 0·2-0·25
per cent hecogenin respectively6,7. In the prepara
tion of steroid hormones from these sapogenins
the usual method of treatment with acetic anhyd
rideS has been modified9• Heating with triacetin
has been found to lead to the conversion of many
genins to pseudogenins, which can then be easily
converted to progesterone and other steroid hor
mones.

During these studies it was obsen'ed that Raney
nickel in boiling xylene could, in addition to con
verting 3-hydroxy- to 3-keto steroids and hydro
genating the 5-Li., also bring about the c01l\'ersion of
cis AlB ring junction to Irans1o . This reaction has
been used for the conversion of biologically inacti\'e
etiocholon-3,17-diones into active 57.-androstan
3,17-dionell (R. N. Chakravarti, School of Tropical
Medicine, Calcutta, 1953-64).

Heteroeyclic steroids and polycyclic hydrocarbons:
A sludy in chemical carehlOgenesis - In \'iew of the
marked biological acti\'ity of many steroids the
synthesis and study of yarious heterocyclic steroids
with the hope of modifying their actiyity has
attracted great interest and was pursued acth'e!y
in the present work. The synthesis of some
6-hetero steroids has been achiewd. 3-Desoxy-~

nor-6-thioequilenin and isoestradiol12 ,13 were syn
thesized by the sequence of reactions gi\'cn in
-(hart 1.

C he r t 1

M2

~ --> (""1 O<-(j --> "'" OOOEt
~ ~) COOEt DJ "-

MoO SH MoO MoO I

?i ~

"",{D ;0 0~0JCL1 ~ <---- jJL1
HO MoO

Chort 2

Chart 3

Chart 4

Synthc,i; of ~-nor-6-thi()(''1l1ill'nin was carrit·d ont
by the reactions l4 gil"'1l in Ch;lrt 2.

)lL-r~-nor-6-0x;l-e'illil('nili was s\,ntlh'siz('d ;Iccord
ing to the schen1l'I" gil"'n in Cha'rt 3.

Tra 11s-3-(h',uxY<~-llor-6-aza-I)- hOlllol''111ilellin (\' [)
was prepared by an ing"niolls on,·-,t<-p react ion I.
along with oth('l' prodllcts (Chart 4).
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REVIEWS

RADIATION DAMAGE IN CRYSTALS by Lewis T,
Chadderton (Methuen & Co, Ltd, London), 1965,
Pp, xiv+202, Price 36s.

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

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

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

S. R. MOHANTY

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

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

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

The book under review deals with the relaxation
processes which have been advanced in the last
eight years to explain ferromagnetic resonance
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(FMR) line widths. This is a hook orientl'd tOll'ards
the explanation of experillll'ntal results, The con
cept of magnons (quanta associated with spin \\'aH's)
is introduced at an early stage. We tht'll ha\'e an
account of the properties of magnons.

In the FMl< experiments, it is the uniform modt's
of magnons which arc excill'd. The author dis
cusses the \'arious processes hy which energy is
transferred from the uniform mode to othl'r modes
involving collectiw excitations of the system, i,e,
magnons and phonons. This involves the descrip
tion of magnon-magnon and magnon-phonon inter
actions of various orders. The role of surface pi ts
and impurities in bringing about the coupling 1)('
tween magnons is adequatl'ly discussed. The dis
cussion of high radio frequency power saturation
effects, which arc of recent origin, will lw of great
value to many research workers. Tl1<' hook is
supplemented by a fairly extensive bibliography,

There are certain ;Ispects which have not been
covered satisfactorily. The revi,'wer was not satis
tied with the phonon-magnon interactions and some
recent work in this field has not heen touched,
The role of magnon-conduction ekctrons in the line
width of ferromagnetic metals and ;')Io)'s has been
left out. fn fact, the materials selected arc ferri
magnetic insulators; howewr, different spin wa\'l'
branches for such systems ought to ha\'e been
discussed.

In short, experimental research workers will tind
the book extremely \'aluahle for the interpretation
of ferromagnetic resonance results. Theoreticians
will haw to look dsewhere for satisfaction,

K. P, SIXH.\

CUIWEXT .-\I'HON.\UTll'AL FATlGI'E T'HoBLDlS edited
b\' .J. Schij\'e, J. H, Heath-Smith & E, 1<,
WelbourIle (Pergamon Press Ltd, Oxford), 1965,
Pp, \·iii +4lJ9. Price £6

Th,' important and informati\'e papers published
in this volume were presented at the Sy'mposium on
(urn'nt Aeronautical Fatigue Prohlems held in
Rome in April 1%3. The suhjects dealt \"ith an:
the eln'atl'd tl'mperatnre l'ikets, the crack pro
pagation and residual static ;;tn'ngth, and structural
fatigue testing, which arc approached from the
engineeriug point of \'iew,

On e1e\'all'd temperature effeets, six papers arc
presented, fn the lirst papl'1', B, .I, Lazan discusses
the importance of non-linear interactions \I'hidl
affect creep and strength properties under \'ariahle
stress and temperature. The author emphasize;;
interaction studies in prell'n'nce to single \'ariable
testing, In the second paper, ~, F, Harpur and
G, D. Sellers discuss the factors affecting fatigue
life of a light allo)' supersonic transport aircraft.
The remaining four papers report experimental
investigations of the fatigue performance of alu
miniulTI and titanium allo\'s in the form of small
specimens and components: The testing conditions
are limite(1 to constant amplitude loading and
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constant tcmp:rature. H. Lachenand disCllsses \'aria
tion in the fatiglH' strength of :\U.GN with tem
perature and fre'lucncy. Although the structural
specim~ns arc unaffl'Clcd by e1e\'ated tcmpcraturc
up to 175"C. even after prolonged heating, the rate
of crack propa:-;ation in sheet is shown to decrcase
with both increasing temperature and fre'luency.
J. Heath-Smith reports in his paper the impruve
ment of fatigu~ st!"l'ngth of L.65 notched specimens
ullt],'r m,':\11 ll'nsile stn'" due to creep at elevated
temperature. L. Locati and (;. Artusio report that
the fatigue strength of RR.S8 compre"or blades is
10 per cent lower at 155'C. C. l'anseri and L. Mori
report in\'estigation of a titanium alloy at tem
peratures from -- 196" to 500 'c. In this range
fatigue strength !"l'dncl'd with increasing tem
pera ture.

Se\'en papers are preSt'nted on the rrack pro
pagation and residual static strength. In the first
papl:r Jacobv n'\'il'ws the techniques of fracto
graphy applicahle to crack propagation problems.
In the Sl'COIHl pap~r, WeilJllII reports some results
of crack propag,ltion Il'sts dming which the stress
levels were clunged. Eugene lh,,'c1ops a statistical
theory of crack propa:-;ation hased on a model
i1l\'oh'ing accumulation of spontaneous micro
cracks. This is sllo\\'n to agree with e~perimental

mcasureml'nts of crack propagation. The paper by
Khun pre,;cnts an inll'grated account of the effect
of notches on fatigue strength and the effect of
fatigue cracks on residual strength. Wc!bourne
analy,;c,; ,;tatic and l'\Tlic crack propagation data
in tl'rm, of an l'ffecti\'e ,;train concl'ntration factor
fur the crack. Hunt descrihes tl'St programmes to
investigate re,;idual strength under bia~ial stresses
and the effect of crack stoppers. An anal~:tical

method for the desil!;n of bia~ial test ,pecimens is
gin'n and the redundant force method of matrix
analyses is applied to residual strength problems.
foinally, Capriolo dt',;criks fatigue tests on a rear
fthelage structure and furging in which particular
attention was paid to the d"\'c!opnll'nt of cracking.

On structural fatigue testing four papers have
been pn'sented. In the lirst twu papers h~' Melcon
and ~kCulloch and Schij\'e, the equi\'alcnce be
tw~en a random loading and a programmed loading
';~'luence with respl'ct to fatigue damage accumula
tion is studied. A comparison is made In' pt'rform
int; tests with a random load sequeucc derin'd from
strain records ohtained in flight and tests with a
programmed load sequence involving nnmbers of
p~ak loads in the saml' proportions as tht' random
se'lllt'nce. Th~ stuilv of :Ylekon and l\IcCnlloch was
made on a large numlwr of small notched sheet
specimens and thl' comparison was maclt- for two
\';dues of the stress concentration factor, various
t\·p~s of loading (gusts, manocuvres, ground-air
ground c\'e1es, taxing loads and combination of
them), The stucl\- reportl'd hv Schij\'c was con
ducted on a limited number of full-scale wing centre
sections and for crack propagation on sheet speci
mens. The 10a'.1 sequences representl'c\ gust loads
and ground-air-ground cvel...s. 1n both investiga
tions the damaging effect of the ground-air-ground
c\'eles was made a point of special attention. In
the paper by TroJighton sen-ral examples are

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

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

B. BASAVA RAJU

THE NATURE OF INDUCTJO!\ ~1ACHINES by Philip
L. Alger (Gordon & Breach Science Publishers
Inc., New York), 1965. Pp, xiii+S16_ Price
$ 25.00

Tht' author, a frequent contributor to the Trans
actions of the American Institution of Electrical
Engineers, net'ds no introduction. As the jacket
says, in this book the author extends the scope and
updates his earlier book, The nature of polyphase
indltction lilac/lines, There are 14 chapters and
starting with the first principles of electric circuits,
reactor, saturistor, the transformer and magnetic
energy storage, the equivalent circuit of a motor is
developed and formulae for performance calculations
derived, Extensive consideration is given to the
fundamental and harmonic magnetic fields pro
duce,l by \-arious types of winding. Sometimes the
author writes in a loosc poetical strain, which de
tracts the technical excellence of the work.

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

The book appears more like a presentation of the
papers published and work carried out by the
author, rather than as a text-book well adapted
for the needs of anv class of readers. At the end of
each chapter there 'is a long bibliography. Some of
the references quoted should be very useful for
research and development workers in the particular
field; btlt some \\'hich are more than 40 vears old
could have been omitted. The printing- is good
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,odium ,ilicofluoride ,olutions i,
U'l'd to correlatl' the ah,ol"11('uc('
with till' quantity of ,ilica 1'1"l',,'nt
[.·111"'."/. (,linll., 37 (llJ65), 7641.

New method of determining
melting point of powdered
materials

Till' prinripl<' that " ,mldl'n
I'ari"tion of 7.-rav ah,orption i,
cau'\'d In' m\'lting of pOlI'dl'!w\
m"tl'ri'll, h", h""n m'ld\' IN' of
in dl'I'l'!oping a nl'\\' nwt hod for
dl'tlTmining t h\' melting point of
pOlHlt-I"l'd matl'ri"I" 'It till' Ship
!{l'"',,rch lu,titute, Tokyo. An
in,tnlllll'nt h,,, h\'l'n llt-,ign"d,
ha,,'d ou this principil', which can
he n'l'd for linding ml'lting poin!,;
of powllt-rl'd ,pl'cinH'n, availahll' in
,mall qU;1I1titi," :lnd dOl'S not
r\''1uil"l' anI' I'isual ohs"I'\'"tion as in
otlwr nll'tholb. Thl' instruml'nt
con,is!'; o[ a thin-walk,l rliffl'rl'ntial
ioni7.ation cham\wr and :In (l-ray
source c!l'ctroplated on a ,uhstratr
which can he cooled 01' heated
thermor\ectronicalh-. The distance
\wtwl'('n the ')(-raV .source and the
chamher is adjus't,'d to he a littl~
shorter than the maximum rangr
of ~-ra\·,. The templ'raturl' i,s
ml'asurl'cl with a thennocoupl<· and
the ionization CUITrnts cau'l'd bv
ah,orption of 'I.-ray, art' rt'COrdl'c]
against timl', as tIll' trmprraturl' 01
the substratl' is gradually I'aril'd.
"'hl'n the pOlvdl'l"l'd particil" 01','1'

the substrate hl'gin to nll'lt tlll'y
sprl'ad into a layer whosl' thicknl',;s
is sufficil'nt til cut off thl' (l-ravs.
Consrqul'nth', thl' ionizati'on
suddenly dl'cl'<'as,'s, and the !em
pI'ratur(' corresponding to this
phenoml'non is till' I11l·Jting point of
thl' powd\'rrd ,uh,tancl' dl'jlOsitNI
ol'rr the suh,trall'. Experiment,
performI,d with this in,truml'nt
u,ing powdl'r\'d hl'nzl'Ill' 'Illd 1'
xylene a, sample, hal'" ,hown that
thl' nll'thod i, capahl<' of gi\'ing
accurat,' I'alul" for till' nll'lting
point [Sri. f'"p. fl1.1l. /,In·.I. rll/'/1/.
Res .. Tuk)'!> , 59 (191i5), 1:.

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

En'r ,incl' HansL'n and Smith
[Hansl'n, ~'1. & ~mith. A. 1..,
Uiochilll. biop!ly.l. Aci", 81 (1964),
214] isolatl'd " I",rtick from heef

NOTES & NEWS

heart mitochondria with the samc
pho,phorylative efficiency as intact
mitochondria, attention has cen
trl'd around the resolntion of intact.
mitochondria into its component
l1;(rt,. The oxidatil'l' phosphoryla
tion sy,;t,'m of bref heart mito
chond;'ia has been further separated
into two major fractions, viz. a
,uhnlitochondrial particle possess
ing I'l'1'V poor phosphorylatil'c
dliri('ncy and a soluble protein
fraction which partially restores
the phosphorvlative efficiencv of
tIll' particle [Linnane, A. L., ·Bio
r!lilll. biop!lys. Acta, 30 (1958),
221; Pullman. ~1. E., Penejsky,
H. & I{ocker, H., Arclz. Bioc!/cm.
Biophys .. 77 (1958), 228]. Evi
dences h;\I'c also bern obtained
for the rxistf'nce of three distinct
proteins in thf' soluble prot.ein
fraction. each of which can speci
fically re,;tore a portion of the
phosphorylati\'e ability of the
particles [Smith, A. L. & Hansen,
1'11., Biochelll. biophys. Res.
(011I1111111.,8 (1962), 136; Webster,
G., Biochelll. biophys. Res.
C01llmun., 7 (1962), 245J.

G. \-\'ebster [J. bioi. Chem., 240
(1965), 1365J has described the
purification and some of the pro
pcrtirs of a soluble protcin from
beef heart mitochondria designated
as n'duc\'d cytochrome c coupling
factor which specifically restores
the pho,;phorylation coupled to
oxidation of reduced cytochromc
c. Purification of this coupling
factor has \)('en achie\'ed by dis
rupting thc mitochondria by sonic
oscillation follO\I'l'd by centrifuga
tion (stagl:' I), chromatography on
D~~AE-cellulose (stage II), concen
tration by treatment with carbo
wax (stagc III) and final chro
matography on carboxymcthyl
ccllnlose column, (stage IV).

Thl' author has shown that
optimal conditions for the maximal
phosphor~'latil'r ability of the
coupling factor arc: ADP, 0'002M;
l\'fg2f , 0'01!1!; acrtate buffer; pH
7·5; and temperatnre, 30°. The
ideal condition for tIll' preparation
of ,ubmitochondrial particles is
sonication for I min. at pH 7·5
in trisardate buffer at 0°. Thc
stahility of the coupling factor
progressil'dy decreascs with
incrL'asing pnrity of tIl(' prepara
tion. That the rcduced cytochrome
( coupling factor is specific for the
phosphorvlation step coupled to
oxidation of reduced cytochrome (

has already been shown by t.he
fact that it is completely ineffec
tive on the pbosphorylation accom
panying DPNH or succinatc oxida
tion when phenazine methosulphatc
is employed as electron acceptor
in a system inhibited by cyanide
[Webster, G., Bioc!lem. biophys.
Res. COm1111t1l., 7 (1962), 245].
Using ferricyanide as electron
acceptor, the au thor has shown
that the coupling factor is in
effcctive on the phosphorylation
coupled to oxidation of cither
DPNH or succinate. Similarly,
the author bas demonstrated that
coupling factor r re;;ponsible for
the pbosphorylation at DPNH
fla\'oprotein site and coupling
factor II essential for the phos
phorylation at coenzyme Q-cyto
chrome c site have no effect on the
phosphorylation coupled to reduced
cytochrome c oxidation.

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

Replication of RNA viruses

Wbile much of our knowledge
about beredity comes from the
studies on DNA, very little is
known regarding the mecbanism,
of replication of Rr\A. A start
towards evolving a mechanism of
RNA replication was made by
L. Shapiro and J. J. August
[j. 11101. Bioi., 11 (1965), 257J wbo
isolated and purified viral RNA
dependent-RNA polymerase from
thc extract.s of Esch. coli
infected with the RNA bacterio
phage f2 Sll II. This enzyme
shows a requirement for the ribo-·
nucleoside triphospbates of adeninr,
uracil, guanine and cytosine; MgH
and I~NA. These requirements
distinguish this polymerase from
the other enzymes catalysing the
DNA or RNA-dependent.-RI\A
synthesis. The viral RNA-depen
d-ent-RNA polymerase was first
observed by thre(' groups of workers
[Baltimore, D. & Franklin. R. M..
.J. bioi. Chelll., 238 (1965), 3395;
Weissmann, C., Simon, L. & Ochoa,
S., ProG. lIat. Acad. Sci., lVash., 49
(1962),407; and Haruna, F., Nozu,
re,Ohtaka, Y. & Spiegelman. S.,
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Proc. nat. Acad. Sci., Wash., 50
(1963), 90S] following RNA virus
infection. The precise role of this
enzyme in the virus replicative pro
cess remains to be elucidated.

In the reaction catalysed by
this enzyme, the synthesis of RNA
has been shown by 1. Shapiro
and J. J. August [J. mol. BioI., 11
(1965). 272] to be directed by the
RNA added to the reaction. Based
on hydrogen-bonded base pairing,
a template mechanism is suggested
by the dinucleotide base pair fre
quencies of the RNA product.
The RNA product of the reaction
catalysed by the polymerase using
s-RNA as template is readily
methylated, the reaction being
catalysed by a specific s-RNA
methylating enzyme. This means
that the methylating enzymes
recognize particular base sequences
in the RNA, acting as methyl
group acceptor and that the criti
cal sequence is present in the
double helical portion of the RNA
product also. The RNA product
of the reaction appears to have a
high degree of secondary structure
as indicated by its resistance to
RNase and renaturation after heat
denaturation.

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

Role of valyl-sRNA
synthetase in enzyune
repression

The synthesis of amino acyl
,derivatives of s-RNA by amino
acyl-s-RNA synthetases has been
well established. The role of these
synthetases in protein synthesis
has been shown by several workers
with cell-free amino acid incorpora
tion systems and also by using
mutants. However, there is no
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report on the role of these enzym2s
in the regulatory system by which
amino acids repress the formation
of their own biosynthetic enzymes.

A naturally occurring amino acid
regulates its formation either by
repression or by feedback mecha
nism. Recently, S. Schlesinger
and B. Magasanik [J. 11101. BioI.,
9 (1964), 670] working with Esch.
coli and Aerobaetcl' aerogenes sys
tems reported that ~.-methyl histi
dine, an analogue of histidine,
blocks the activation of histidine
but not its biosynthesis. During
the initial stages, the growth of
Esch. coli was inhibited by oc-mcthyl
histidine, but later growth pro
ceeded at a slightly reduced
rate. The inhibition is attributed
to the blocking of histidinyl-RNA
synthesis and the rccovery to the
increase in the histidine biosyn
thetic enzymes which produce more
histidine to compete with the
inhibitor. On this basis it mu,t bc
the internal concentration of histi
dinyl-RNA but not the free histi
dine that controls the degree of
repression of these enzymes in the
cell. This and other reports led
1. Eidlic and F. C. Neidhardt
[Froe. nat. Acad. Sci" Wash" 53
(1965), 539] to study whether
amino acids must be activated
to repress enzyme synthesis.
These authors describe experiments
with two strains of Fisch. coli:
(i) KB, a prototropic wild strain;
and (ii) 1-9, a mutant of KB with a
temperature-sensitive valyl-sl\NII
synthetase. The results showed
that the repression of the enzymes
of the valine-isoleucine pathway
requires the simultaneous presen.ce
of all the four products of this
pathway: valine, isoleucine, leucine
and pantothenate. A limitation
of anyone of the products de
represses both threonine dcaminase
which is involved only in isoleucine
synthesis and the four enzymes
which participate in the valine
and isoleucine synthesis.

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

isoleucine,leucine and pantothenate
and samples were remo\'cd for
enzymc assays, The temperature
of incubation was increased to 36°,
which acceleratcd the growth of
the wild strain by SO per cent and
stopped the growth of the mutant
after a short period of re,;trictcd
growth, When the cultun's had
increas~d their pmtein content,
additional samplt's were taken for
enzyme ;tssays. The results showed
that the temperature shift caused
a derepression of the two valine
controlled enzyme,;- threonine de
aminase and acelolactate synthe
tase~ in the mutant resulting in a
tenfold increase O\'er the dif
ferential rates of synthesis in the
wild strain, These two enzymes
werc synthesized at slightly greater
rates in the mutant than in the
wild strain even at 30°. The cffect
seems related to the fact that e\'cn
;tt 30° the growl h ra Ie of the
mutant and hence its rate of valine
acti\'ation is below normal.

[n another experimcnt the cul
tures were grown at 28° and the
tempcrature rais('d to 36°C. at
the zero time and the enzymes
wl'l'e assaycd. The n'prl'ssion of
the \'alinl' controlled enzyme, aceto
lactate synthl'tase, commC'nced in
the mutant strain approximatch'
20 min. after the temperature shift.
No change in wild strain was obscn'
eel. :'>i'either strain showed derepres
sion of the leucine controlled 7.

hydroxy-~-carboxyisocaproate de
hydrogenase. Chloramphenicol
cnmplt'tely blocked the increasl'in
the acetnlactate synt)wtasc acti
vity, indicating ihat the tem
perature shift was not acti\'ating
the preformed cnzyme. Similar
results were obtained when the
cultures Wl'1'e grown on the same
medium devoid of amino acids
when the tempcrature was raised.
This shows that therc is no short
agc of valine since \'aline deficiency
most likely results in leucinC' defi
ciency which in turn derepres>es
leucine controlled enzymes.

The results pre,;,'nted in this
paper clearly imlicale that \'alinc
must be activated to repress enzyme
svnthesis in Fisch. coli, It may be
possible that this multi\'alc-nt re
pression uniquely requires the
participation of activating enzymes
and that other amino acids need
not be activatcd to repress their
biosynthetic enzyml's,- M. K. C.
SHlDHAR



Conversion of shikimic acid
to anthranilic acid by
Neurospora crassa

The implicatiun of shikimic acid
as a key intermediate in thc bio
synthesis of aromatic ;Iminu acids
has been recognized for a lung
time iTatum, E. L. eX Perkins,
O. D., Annu. Ne71. Micrubial., 4
(1950), 129J ..although its formation
from the intermediates of carbo
hydrate nll'tabolism in bacteria
rSrini\'asan, P. R., Katagiri, ~1. &
Sprilbon, D. B., .f. (iiu!. Chcln.,
234 (1959). 713] and i\'. erassa
[Cross, S. I{. eX fein, A., Genetics,
Princetoll, 45 (1960), 885] W;b
demonstratl'd much btn. l{ecent
studies IFenster, .J. A., Hioe/lelll ..f.,
85 (1962), 388; Srinivasan, P. j{. eX
Wvera Uri, A., liiaehol/islry, 2
(1963), 1063; Ll'\'in, J. G. eX
Sprinson, D. B., ./. bioi. C/II'II/.,
239 (1964), J142; Gibson, ~'l. I. eX
Gibson, F., Niue/le!/I. ./.,90 (1964),
248J with bacterial mutants ha\'c
indicall'd a sequence of reactions
starting from shikimic acid to
wards the formation of \'arious
aromatic amino acick

It is likely, therefore, that shiki
mic acid is converll'd to chorismic
acid by three enzymic sll'ps, which
thus sern's as the k,'y intermediate
in the biosynthesis' of aromatic
amino acids.

(;I'Ill'tic and nutritional studies
with N. erassa [Ahmad, :VI. eX
Catcheside, D. (;., Heredilv, I.ul/d.,
15 (1960), 55.1 indicall' 'that the
first enzyme sp('cifically c;ltalyses
the formation of anthranilic acid
from shikimic acid. .1. A. Dc
~Ioss [J. bio!. Chelll., 240 (1965),
123J has investigated in dl'lail thc
formation of anthranilic acid from
shikimic acid in N. erassa extracts.
The n'sults obtained show that
the extracts of N. aassa catalyse
the con\'('rsion of shikimic acid to
anthranilic acid onlv afll'r the
remO\'al of an inhibitor present in
the crude ,'xtracts by partial puri
fication. This inhibitor Sl'('ms to
lw a macromoll'cule, since it is
not separable from the enzvme
protein when passed through a
column of Sephadl'x G-25. ~Iore

OWl', it is precipitable in a narrow
range during ammonium sulphate
fractiona tion.

The ('nzvme reaction exhibits
an absolute" requirement for Mg2+,

ATP, phosphoenol pyruvate (PEP),
TP;'; Hand L-glutamine. Unlike

"OTES & NEWS

the bacterial extracts which require
D PN H, this enzyme shows specifi
city for TPNH. The very require
ment for reduced pyridine
nucleotide evokes considerable
inkrest, since at least the bacterial
system does not seem to involve a
net transfer of electrons.

If I.-glutamine is omitted from
the reaction mixture, an ether
extractable intermediate accumu
lates which when further incubated
with Mg2+, L-glutamine and N.
crassa extract forms anthranilic
acid. The new intermediate is
identical to chorismic acid on the
basis of scnTal of its properties.
Thus, this system resembles the
bactcrial system in the sequence
of reactions towards the formation
of anthranilic acid. The conversion
of chorismic acid to anthranilic
acid would prcsumably be the first
Sll'p in tryptophan biosynthesis.
.-\lthough this reaction seems to
be a wry complex one, thc elJ)~yme

acti\'ity has not been resolved into
more than one component even
afkr 83-fold purification of the
enzyme. Very low conc('ntrations
of I.-tryptophan completely inhibit
the enzyme activity which can be
I'l'versed by chorismic acid. On
the basis of such a feedback inhi
bition it is suggestcd that the
initial step in tryptophan bio
synthesis involves the conversion
of chorismic acid to anthranilic
acid. Moreover, this enzyme acti
vity is absent from all tryp-2
lIIutants of N. eYassa which are
known to be blocked prior to
anthranilic acid in the tryptophan
pathway. It is, therefore, pro
posed that a single enzyme anthra
nilate synthl'lase catalyses the
conversion of chorismic acid to
anthranilic acid.-:V1. R. LAXMA~

Enzymatic hydroxylation of
proline

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

[Manner, G. & Gould, B. S.,
Biochim. biophys. Acta,72 (1963),
243; Coronado, A., Mardones, E. &
Allende, ]. E., Biocilcm. bioPhys.
Rcs. COl1l11tun., 13 (1963), 75;
Jackson, D. S., Watkins, D. &
Winkler, A., Biochim. b£ophys. Acta,
87 (1964), 87]. The investigations
of ~1. Univetzky, J. 1\1. Frei and
E. Meilman rArch. Biochem. Bio
phys., 109 (1965), 480] favour the
view that s-RNA-hydroxyproline
i, an intermediate in microsomal
collagen synthesis. However,
attempts by Peterkofsky and Uden
frieud to demonstrate the forma
tion of s-H.NA-hydroxyproline from
proline have been futile. A more
recent evidence against the involve
ment of an intermediary s-RNA
hydroxyproline and evidence for a
peptide precursor of hydroxypro
line in the synthesis of collagen has
been obtained by L. N. Lukens
[J. bioi. Ch~I1t., 240 (1965), 1661J.
Recently, B. Peterkofsky and
S. lidenfriend [Proc. nat. Acad.
Sci., Wash., 53 (1965), 335] have
been able to isolate microsomal
bound polypeptide, labelled with
radioactive proline which could
be used as a substrate for the
hydroxylation reactions.

Earlier work of these workers
points out that the incorporation
of proline-14C into the protein
bound proline starts immediately.
But this label appeared in collagen
only after a 30 min. lag period.
Subsequently, they could success
fully employ the prelabelled micro
somes as substrate for the enzy
matic hydroxylation reaction in
chick embryo. On assaying for
protein-bound hydroxyproline-14C,
the proline-14C has been found
to be converted to hydroxypro
line- l4C.

They suggested that two non
enzymatic factors are im'olved
(one in the boiled supernatant and
the other in the soluble protein
fraction obtained by ammonium
sulphate fractionation) in the re
action and also that the micro
somal fraction contains the
enzyme.

Puromycin, at concentrations
inhibitory to protein synthesis,
does not inhibit hydroxylation.
It was shown earlier that the
incorporation of proline-14C into
protein-bound proline and hydroxy
proline-l4C is completely inhibited
by puromycin. Further, anaero
biosis during the lag phase (and
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not after the lag phase) does not
inhibit the incorporation of pro
line-HC into collagen. These lacts
suggest that proline is bound in
peptide linkage before hydroxy
lation.

The active non-enzymatic factor
in the boiled supernatant appears
to be ascorbic acid since ascorbic
acid could be rcplaced for the
factor. The factor contained as
cOl'bic acid. Other hydrogen donors
were also capable of replacing the
boiled supernatant fraction but
not a5 effectively as ascorbic acid.
It is possihle that ascorbic acid
could also function indirectly by
producing TPNH which is active
as hydrogen donor in this system.
The other factor is possibly a
protein-bound metal, since ferrous
ions are known to function in
hydroxylases.

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

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

The metabolic fate of protein
hormones in vivo has long been a
subject of clinical importance and
biochemical interest; yet quanti
tative studies on their turnover
rate, excretion pattern and the
tissue levels had not made much
progress till the late fifties, mainly
because of the difficulty in measur
ing the low hormone le\"(~l in
tissues or biological fluids, of the
order of millimicrograms. With
the availability of highly purified
protein hormones, immunochcmical
techniques such as quantitative
precipitin haemagglutination inhi
bition and complement fixation
tests have come to be recognized
as standard techniques. For
example, as little as 2·5 fJ.g. of
growth hormone has been detected
by direct precipitation with its
antiserum [Li, C. H., Moudgal,
N. R. & Papkoff, H., ]. bioi.
Chem., 235 (1960), 1038J. C. H. Read
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andG. T. Bryan [Ref. Progr. Harm.
Res., 16 (1960), 187J haw detected
2-20 (Lg. of growth hormone by
haemagglutination inhibition t!',t.

Radioimmunoassay is a combina
tion of the highly sensitive isotop\'
mcthodology with the cxtremelv
specific immunochemical i<'ch
niques, 1311 is the most extensi\"(,ly
used isotope at present. Thus,
the sensitivity of the precipitin
reaction between human growth
hormone and its specific antiserum
has been increased as to measure
I [Lg. of growth hormone by the
use of radioiodinated antiserum
[Greenspan, F. S., Caffcl. J. C..
Lew, W. & Peng, C. '1'., Clin. Nes.,
9 (1961). 99].

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

The soluble complexes can be
immunoprecipitated by the addi"
tion of anti-Y-globulin serum.
Thus J. S. Skom and D. W. Talmage
[j. clin. Invesl., 37 (1958), 783J have
precipitated insulin 1311 bound to
human Y-globulin serum during
their study of sera from diabetic
patients containing antibodies that
react with heterologous insulin.
In their radioimmunoassay deve
loped for human chorionic gonado
tropin (HCG), C. E. Wilde, A.
Hillary Orr and K. D. Bagshawc
rNalure, Land., 205 (1965), 191J
have precipitated the HC(;-anti
serum complex by adding anti-Y-glo
bulin serum, and filtered through
Oxoid filter membranes, thus
achieving separation.

Another method of separation is
by chromatoelectrophoresis, as
applied by R. S. Yalo and S. A.1O,er
son in their immunoassay of enoo
genous plasma insulin in man fj.
clin.Im:esl.,39(1960),1157]. Paper
electrophoresis on cellulose acctat('
strips has bern used with a high
degree of success in separating til('

complex and unreacted honnonl'
in theirradioimmunoelectroplloretic
assay for human growth hormone
bv W. M. Hunter and F. C. Green
\\;ood [Biochem. j., 91 (1964),843].

Both immunoprecipitation and
chromatoclectrophoresis have b(','n
successfully employed for the s!'pa
ration of the soluble glucagon 1:11 f
antibody complex from unrl'actecl

glucagon I'll [ in a Sl'nsitil'(' radio
immunoassay by R. H. L:ngl'r, A. JI.
Eisentrant, ;\1. ~. McCdl, ~. Keller,
H. C. Lam and L. L. ~Iadis()n

[l'roc. Soc. cxp. l1iol., ,Yo r., 102
(1959), 621\.

"c Ialll'lIing seems to confer
decid!'clly bet ter a(h·ant~lg,·s OI'er
1:1I [ lah!'lling for radioimllluno
assays. In tlwir critical l'l'alu~ltion

of radioiodin!' labl'lling, P. j. Collip,
S. A. Kaplan, D. C. Hoyit' and C.!Ii.
Shimizu I]. hiol. (he/II., 240 (1965),
14:1] brought out a contrast of "c
Iabl'lIing ;Igainst 131 1 labelling of
hovine growth hormone. They h~1\'e

ckmonstrat\'d that acetyl-"C label
ling of bOl'inl' growth hormone
alters neither its biological ;Icti"ity
as compared to the IInlabelled
hormon(', nor its immunochemica:
behaviour significantly. I t has
also heen shown by various workers
that iodination results in a con
siderahle loss of biological actil'it,·
of hormolll's [Izw, J., I{encone,
A. & Izzo, 1\1. J" Fed. l'roc. Fed.
Amcr. Soc. exp. 13iol., 22 (1963),
387; (;rel'nwood, f. c. 1'1 al.,
Bioe/mlt. j., 89 (1963), 114;
Fraenkcl-Conrat, H., Mclhods 'in
ellzYllwlo/;y, Vol. IV (Academic
Press [nc., l\ew York). 1957,2471.
Thus furtl1l'r stunies II'ith I·C
1:1 bell('d hormone seem to promise
a better picture of metabolism of
hormones as interpreted by radio
immuno;lss;IY, considering the
rdationships between modilication
of ch"l1lical structure ane! allt'ra
tion in biological acti,·ity.

Circulating le\"('ls of !5rowth hor
mon(' as determin('d by radio
immunoassav in normal adult
human snbjZ,cts ranged from 0 to
50 (Lg. pcr ml. [Ctigl'r, R. D.,
Park!'r, M. L. & Daughclay, \\'. H.,
j. Cfi11. 1m/cst., 41 (1'11\2). 2621 ,md
15-20 {J.g. per ml. 11"('1"(' foune! in scries
of untn'ated acromegalic patient';.
After tr!'atl11ent, thl' I·,tlues ranged
from 0 to 27 (J.g. per ml. Con
cl'ntrations "s 0'06 fU per ml. of
HCG hal'e I)('cn ddeclt'd in urine
of pn'gnant II'on1('n, and GlI1 he
us!'cl as ~I hi;.;hly sensiti\"(' inlmnno
logic pregnancy tvst, as 1\'l'11 as
for ;m carl\' detection of chorio
carcinoma [\\'jid", C. E., HilialT
Orr, A. & Rigshaw(', K. D., Satllye,
I.oJ/d., 205(1965), 19]1. Thus
radioiml1lunoassay can be utiliz!'e!
to diffl'n'ntiate between the hor
1110ne len,ls in normal and patho
logical conditions or in ('ndocrilll'
di:;orckrs.- H. G. )'1ADW.\ I{AJ
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materials is being studied as a
function of temperature, crystalli
nity, orientation and other process
and structure variables.

Prof. G. S. Ramaswamy

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

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

Prof. Ramaswamy's special fields
of interest are structural engineer
ing and engineering education. He
is largely responsible for popula
rizing and promoting the use of
shell structures in India. The funi
cular shells developed by him and
his colleagues found application on
a large scale in ' Operation Amar "
the Rs one-crore Defence Housing
Project at Ambala invoh'ing the
construction of 1700 houses. He
is a member of the Executive
Committee of the International
Association for Shell Structures and
a member of the FIP (Federation
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International de la Precon
trainte) Commission on Prestressed
Lightweight Concrete. He has
been a member of the expert
panels of the Building Projects
Tt'am, Committee on Plan Projects
of the Planning Commission and
the National Productivity Council
Team on 'Factory Buildings
Lavout and Construction' ano
was deputed to Japan, USA and
Italy in 1959. He is Chairman,
Structures Group II of the Insti
tution of Engineers (India) and
member of a number of committees
of the Indian Standards Institution.
As Chairm~u1 of the 'Criteria for
Design of Structures' Sectional
Committee, he was largely respon
sible for initiating standardi~ation

in the field of shell structures and
folded plates. He was one of the
Chairmen for the World Conference
on Shell Structures held a t San
Francisco in October 1962, and
his contributions in the field of
shell structures won him inter
national recognition. He presided
over one of the sessions at the
International Symposium on the
Theory of Arch Dams held in
April 1964 at Southampton, L'K.
He shared, with one of his col
leagues, the John C. Gammon Pri~e

of the Institution of Engineers
(India) in 1963.

Prof. I{amaswamv is the author
of over 40 researcli papers in the
field of shell structures and pre
stressed concrete, and two books,
Cylindrical sheets (National Build
ing,; Organization) and Analysis
and desi{!,n oj shells and jolded
plates (McGraw-Hill Book Co. Inc.,
New York) (under publication).

New Periodicals

Journal of Invertebrate
Pathology

Beginning with March 1965 issue,
the title of the Journal oj Insect
PalhaloRY (Academic Pre,,) has
heen changed to the Journal of
Inver/ebrate PalhoiORY. With this
change, the scope of the journal,

to be issued Cluarterly, has been
expanded to cover the entire field
of invertebrate pathology. Under
tlw new title the journal publishes
original articles and notes con
cerned with the nature and study
of infectious and non-infectious
oiseases of invertebrate animals
(especially insects), the suppression
of these diseases in heneficial
invertebrates, and their use in
the control of pests. Papers on
the microbiology of invertebrates
(i.e. the relation betWeen irl\'erte
bratt's and microorganisms) arc
also accepted. The annual sub
scription for the journal for insti
tution ..; is $ 22.00; the journal is
available to indi\'idual subscribers
at a conc"ssional rate.

Announcement

• The Groche1/1ical Society oj India
- At a conference of geochemists,
geologists and geophysicists held
at Patna dming 20-22 August
1965, the Geochemical Society of
India was brought into existence,
with headquarters at Patna. The
principal objective of the socil'!\'
shall be to foster the stuo\' and
application of geochel11ist~y in
national and international spheres.
In pursuance of this objecti\T, the
society shall (i) work with any
interested group in planning
symposia and otl1('r types of meet
ings that arc I'('lated to geo
chemistry: (ii) sponsor tIll' Journal
oj the Geochelllical Socletv of India;
and (iii) appoint commissions and
committees to study problems that
reCluire an all-India or inter
national coordination.

Alllong the prograrnlll('s of the
society ,1re thl' following: (i) all
India coordination of work done
in earth sciences; and (ii) publica
tion of quarterl\' bulldiu,; con
taining·. abstracts and sUlllman'
data ~f the work heing done iil
India together with note,; and
news of important n'sl'arches
being carried out in different insti
tutions of the country as \\T!I as
abroad.



For Controlled Temperature and Humidity

USE THE Gallenham~ 3

G13/100 HUMIDITY OVEN

for testing

* Components for radio and other
electronic equipment

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

* Containers, packages and packing
material

* Many other manufactured products

Conditions available with the
basic oven and accessories include:

, ;~

; 'i

J"
I
I

~\

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

• WITH TIME SWITCH

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

• WITH WATER SPRAY COOLER

Oven cools more rapidly and remains at saturation during cooling period.

• WITH FRESH AIR INJECTION
Oven humidity can be reduced rapidly and minimum attainable humidity is reduced.

• WITH REFRIGERATION
Oven can be operated down to O"C subject to ambient temperature limitations.

• WITH ULTRAVIOLET LAMP

The weathering effect of sunlight under various conditions of temperature and humidity can be simulated.

• WITH AUTOMATIC PROGRAMMING SYSTEMS

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

Ask for details

ACCREDITED
AGENTS

ISIR- DECEMBER 1965

MARTIN & HARRIS (pRIVATE) LTD.
Scientific Department Savoy Chambers Wallace Street Bombay I 'I

A19



-
~PURITY IS OUR

BASIC

"':":'-"IUMN,:,~rm,'!I_A_P_P_R_O_A_C_H_
'BASYNTH' is your guarantee for
Standarised Reagent Chemicals
manufactured in modern laboratory
by qualified chemists-

Mflnufacrured.bv .

BASIC & SYNTHETIC CHEMICALS PRIVATE LTD.-
:25, EAST ROAD' JADAVPUR • CALCUTTA-32

ProgrJ?S51'/elBSC -4

CENTRIFUGES

AND

SERVICE

FOR

QUALITY

• Robust design for continuous and efficient running

'QUICO' MODEL SC CE 2 (ii) * Large range in speed variation • Noiseless and well
balanced (vibration force) movements * Lubricating

ball bearings and resilient rubber buffers * Different types like: Hand operated or electric. close

or open model, with aluminium tubes. holders. glass tubes. or buckets. free oscillating heads

to take 2. 4. 8 tubes. etc. Working on ACIDC supply, duly painted with ~,ospital white colour

or in metal finishing.

Please contact:

UNIQUE TRADING CORPORATION
SPECIALISED IN LABORATORY EQUIPMENT

221 SHERIFF DEVJI STREET, BOMBAY 3
Gram: 'UNILAB' Phone: 325611 & 323489
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RESEARCH ELECTROMAGNET
TYPE NP-53

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

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

Also available

5 em. Electromagnet. Type P-51 • 7.5 em. Electr~magnet, Type NP·52

LARGER ELECTROMAGNETS MANUFACTURED TO SPECIAL ORDER

Manufacturers:

UNIVERSAL SCIENTIFIC COMPANY
32 PAREKH STREET. BOMBAY 4
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'CAUVERV'brandCHEMICAlS
for Indian Industry

Made according to modern methods ... on modern equip

ment ...by fUlly-trained operating crews,CAUVERV brand

chemicals can always be depended· upon for their high

Quality and constant uniformity.

THE METTUR CHEMICAL & INDUSTRIAL CORPORATION LIMITED
Mllttur Dam R.S. Salem Dt.
Man.ting Arents: SESHASAYEE BROTHERS PRIVATE LIMITED

MODERN SCIENTIFIC INSTRUMENT
COMPANY

48A/48B SADASHIV CROSS LANE

BOMBAY 4

*
Direct Importers & Stockists of

, PYREX' Brjlnd
Laboratory Glassware and

Apparatus

*
Manufacturers of

'MODERN' Brand
Laboratory Equipment

A22

SHABNAM
PLASTIC ANALYTICAL BALANCE

COVERS
HELP KEEP YOUR

LABORATORY BALANCES

FREE FROM DUST AND STAINS

AND ADD GLAMOUR TO YOUR LABORATORY

Available in Beautiful Clear Plastic
at Rs. 11.50 each

(They are cheaper 25 per cent by the dozen)

Manufacturers;

OCEANIC INDUSTRIES
(INDIA) PRIVATE LTD.

1-2 PRESIDENCY COURT
55 GARIAHAT ROAD

CALCUTTA 19
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MATHEMATICAL
PRECISION MAKES

CHEMISTRY AN
EXACT SCIENCE

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

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

For every requi remen, the
specific preparation is available
and the right selection proves
the expert.

GUARANTEED
REAGENTS

cos X dx
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JOURNAL OF THE

INDIAN INSTITUTE OF SCIENCE

A quarterly, containing papers on original research

carried out in the laboratories of

the Indian Institute of Science, Bangalore 12

SUBSCRIPTION

(Post Free)

Country

India

U.K.
U.S.A.

Other countries

Annual

Rs. 24

£2/5
$ 6.50

Equivalent of
Rs. 30

Indian currency

61 per cent discount to Agents

Single Issue

Rs. 7

Sh. 14

$ 2.00

Equivalent of
Rs. 8

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

Bangalore 12

All communications should be addressed to:

THE ASSOCIATE EDITOR

JOURNAL OF THE INDIAN INSTITUTE OF SCIENCE

BANGALORE 12, INDIA
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S. H. KELKAR & CO. (PRIVATE) LTD.
DEVAKARAN MANSION, 36 MANGALDAS ROAD

BOMBAY 2

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,

AGARBATTlES, FACE POWDERS, ETC.

FOR SAMPLE AND PRICE, PLEASE WRITE TO THE ABOVE ADDRESS

SETT & DE
16 Ganesh Chandra Avenue

Calcutta 13
Phone: 23-9588

manufacturers of
MOVING COIL 8< MOVING IRON TYPE VOLTMETERS, AMMETERS (PORTABLE 8<

SWITCHBOARD TYPES), RESISTANCE BOXES, P.O. BOXES (PLUG 8<

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

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

for

LABORATORY AND INDUSTRY

OUR SERVICE DEPARTMENT IS ALSO AT YOUR DISPOSAL
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OPTICA-INTERN ATION AL

Large and heavy stand with wide body tube suitable
; for microphotography

Coarse and fine focussing arrangements

Mechanical stage semi built-in type of the latest design

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

Three achromatic objectives - lOx, 4Sx and IOOx oil
immersion

r ---- -,
RESEARCH MICROSCOPE

Two huyghenian eyepieces - Sx and lOx

Instruments and Equipment for Education,
Research and Industry

INTERNATIONAL ~

AGENCIES
79 G\;"IOGA STREET, fORT, BOMBAY I .e

RESEARCH MICROSCOPE Gram: • SCIENAPP • Phone: 253753

WE MANUFACTURE

• AUDIO OSCILLATORS • BATTERY CHARGERS • BATTERY

SUBSTITUTES • DOUBLE WOUND SINGLE PHASE

TRANSFORMERS • ELECTRONICALLY

REGULATED POWER SUPPLIES

VARITRAN
(substitute for ordinary toroidal wound auto-transformers)

Detailed literature available on request

LABORATORY FURNISHERS
DHUN MANSION, I86C VINCENT ROAD, DADAR, BOMBAY 14

A26

Telephone: 62761 Telegrams: 'LABfURNISH', Bombay-Dadar

Branch Office: Kapasia Bazar, Ahmedabad

SP/LFj9
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MICROSCOPES 0
and

Q

MICROTOMES
for

Research
and

advanced
Teaching

Compact-Elegant-Versatile-Novel Equipment:

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

Specialities:
"Polyphos" condenser for variable illumination for phase conlrast,
dark and bright lield,"Binolu,," Mercury Illuminator for contrast fluorescence
Combination of phase Contrast and fluorescence.

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

Sold and Servic~d in India by:
Exclusi'Ve Agents and Distributors

NEO-PHARMA INSTRUMENTS CORPORATION <J:
Kasturl Bldgs., "'. Tala Road, BOMBAY-1.

Technical Service Offices: CALC UTTA- DELHI_MADRAS
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Safe & Dependable
INJECTABLES

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

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

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

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

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

Messrs Ventlax, Secunderabad

.\2R
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Specify' AnalaR' whenever you need analytical reagents. Ensure factory-packed,
effectively labelled. completely reliable materials for every analytical procedure in
your own laboratories. 'AnalaR' reagents are not expensive, working hours are.
Unreliable results can be most expensive of all. For micro-analytical work there are
B.D.H. 'M.A.R.' reagents; and for all general laboratory purposes some seven thousand
B. D. H. Laboratory Chemicals. with well over a thousand of them carrying printed
specifications of purity.

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

@ Laboratory Chemicals British Drug Houses (India) Private Ltd.
Laboratory Chemicals Division,
8 Graham Road, Bombay 1·
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For cement manufacture, we offer complete plant and equipment based on dry, semi-dry
and wet processes. For dry process, Polysius have 'Dopolkiln'; for semi-dry, we have
Lepolkiln'including dish granulator, both covered by patents. For raw material and
cement preparation. we have various types of grinding mills including our double
rotator, turbo· separators, etc. We also supply complete material handling plants,
mixing and blending equipment, etc.

POLYSIUS GMBH,
West Germany MOTwi'N"E

PRIVATa LllIllTaD
1'17 Milhelml G,notu ROld. Potl 801 No Ii,? Bomb"1 •
Pnol" 2S2331 Grams 'CHIPHONE' ,II o"',C8\ . 8 ••ncl'es oil

N..... a.IM, C"Culll, LIIC~nO"'" t<"'lIu'. M.t'.. Ind 8.,,'J<lO?.
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Largest Stockists of

(Whatman & German)

FILTER PAPERS
and Other Scientific Instruments (imported) such as Ovens, pH Meters. Refractometers,

Laboratory Counters, Vacuum Pumps, Photoelectric Colorimeters, Flame Photometers,

Microscopes, Balances Single and Two-Pan, Heating Mantles. and all sorts of

Laboratory Glassware, Porcelai n and miscellaneous items

For details contact:

RATIONAL SALES ASSOCIATES
382·83 LALli NATHU BUILDING, TELANG CROSS ROAD No.2

MATUNGA, BOMBAY 19 (DO)

Phones: 327617 & 327647

for
laboratory
and
hospital
equipment

Grams: CREAMWOVE. Bombay 2

LABORATORY GLASSWARE, ETC.: Pyrex, Quickfit, Westglass
Hygrometers. Hydrometers, Micro Cover Glasses and Slides, Vitreosil
Silicaware (Crucibles, Basins, etc.), Sintered Glasswares (Crucibles,
Filters, Funnels, etc.), Porcelainware (Crucibles and Basins), etc.

LABORATORY THERMOMETERS: Chemical Thermometers, all
types, Long Stem Thermometers by G. H. Zeal (London), etc.

FILTER PAPERS: Whatman Filter Papers and Specialities, Quali
tative Grades, Folded Grades, Single and Double Acid Washed,
Hardened Grades, Papers for Chromatography and Electrophoresis.
Papers in Reels, Sterimat Pads, etc.

LABORATORY APPARATUS AND INSTRUMENTS: Analyti
cal Balances and Weights, Centrifuges, Hand and Electrical, Colori
meters. Comparators and ColourDiscs, Haemometers, Haemocytometers.
Incubators and Ovens, Microscopes, Microtomes, Photocolorimeters,
Test Sieves, Stopclocks and Stopwatches, etc.

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

PLEASE CONTACT:

B. PATEL & COMPANY
DIRECT IMPORTERS & STOCKISTS OF SURGICAL & SCIE'lTIFIC GOODS

27/29 POPATWADI, KALBADEVI ROAD, BOMBAY 2
Phones: 386M & 39701 . Grams: GlASALSORT
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TOWA-Rd-IA

I I I ~'h~_~~

IN ACTIVE COLLABORATION WITH 'TOWA' JAPAN

TOWA OPTICS (INDIA) PVT. LIMITED
4. OARYAGANJ. POST BOX NO 1685. OELHI-6. Phone: 271<497 Cable: VISION

Branch: 15/16. Kondi Chetty Street, Madras-I.

70WlJ,

WE LEAD AGAIN!

~~~~
TWMG

METALLURGICAL
MICROSCOPE

WITH

VERTICAL & MULTIPURPOSE

ILLUMINATION
FOR

AND RESEARCH. INDUSTRY
THESE & ENGINEERING
MICROSCOPES:-----~.;:;:;;_--,... ...I

• BINOCULAR HEAD
& STEREOSCOPIC.

• RESEARCH. MEDICAL.
& STUDENT.

• DISSECTING.
• MICRO PROJECTOR

m

••
INClIA •

DEDICATED TO •
INSTRUMENT PERFECTION •

L.T., H.T. & E.H.T. Power Supplies, Transist

orised Power Supplies. Temperature Controllers.
Timers, Constant Current Regulators, Electro

magnetic Demonstration Apparatus. Photo

Electronic Devices, Shortwave Demonstration
Apparatus, ElM Demonstration Apparatus
(with Cathode-ray tubes), Valve Characteristic:

Apparatus.

10' t/ect,onic:r. u(ence and leclrn%g,

POLYTRONIC CORPORATION
20A, ShaJ<t1 Sadan. Junction 01 Tardeo Br1<lge &

Lamlngton Road. BornDay·7 WB.
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LARGE
INCIDENT-LIGHT

CAMERA MICROSCOPE

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

Range of magnifications from lOx to 2,OOOx; 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 cm X 18 cm camera with built-in exposure
timer; special exposure timer for 35 mm and 6 cm x 6 cm photo
micrography attachable. Methods of observation: bright field, dark
field, phase contrast, polarization, measurement, interference, micro
hardness tests, test-strip comparison, projection.

Sole Agents in India

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

KEPMANI BUILDING. SIR P. M. ROAD. BOMBAY-! BR ~

NO. 22. LINGI CHETIY STREET, • P·7 MISSION ROW EXTENTlnN.. ~fl B,jWALA MANSION. ASAF All ROAD.
MADRAS.. CALCUTTA NEW DELHI

mus. czj. 6S
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M
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Lasting Security for Hydraulic Structures

REMOIE CONTROL MEASURING INSTRUMENT

ROCK PRESSURE

INCLINATION

SOIL STABILITY

DEFORMATION

CONCRETE STRESS

CONCRETE TEMPERATURE

SOlI. PRESSURE

PORE WATER PRESSURE

UPLIFT PRESSURE

The instrument for the determination of stead\' and slowly varying conditions i,- highly "CClI ratc and

sensitive.

It saves time: by permitting economical constructing and building by vcrifying thc calculation basis and

safety margin by gaining new knowledge for future projects.

It gives security: Avoid catastrophes, taking the security measures in timc. ft e1iminatcs inaccuracy of factors

entering a calculation. It helps recognizing movements of danger.

H. MAIHAK AG HAMBURG WEST GERMANY

For further particulars, please write 10 :

SOLE DISTlUBUTOHS

THE SCIENTIFIC INSTRUMENT COMPANY LIMITED
AJ.LAHABAD BOMBAY CALCUTTA MADRAS NEW DELHI

Head Office: 6 Tej Bahadur Sapru Road, Allahabad
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SA UTER'S

ANALYTICAL RAPID SINGLEPAN BALANCE

'MONOPAN'

Capacity: 200 gm.

Range of optical scale: 110 mg.

1 scale division: 2 mm. or 1 mg.

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

PLEASE CONTACT:

GDGORDHANDAS DESAI PVT: LTD.
Equipment and instruments fDr all branches Df science, technology and industry

KEFMANI BUILDING. SIR P. M. ROAD. BOMBAY·! BR

NO. 22. LINGI CHETIr STREET, • Pol MISSION ROW EXTENTION,. 4/1 B, JWALA MANSION, M.Af AU ROAQ,
MADRAS-I CALCUTIA NEW DELHI
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Bausch & Lomb Diffraction Gratings are preferred by all major manufacturers of spectro
scopic instruments as well as astronomers, spectroscopists and other scientists. As the
World's number one source, B & L maintain a stock of hundreds of different gratings
and they can produce thousands of varieties from master gratings now on hand.

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

B & L has specialized in coating both gratings and mirrors with fast fired aluminium
plus MgF2 for high reflectance at wavelengths shorter than 1500 A in the vacuum
ultraviolet. Coatings of gold or platinum are also available for gratings for the
extreme ultraviolet region.

BAUSCH & LOMB •

For full details write for Catalogue 0-261 to

SQ~E AGENTS:

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

SAVOY CHAMBERS, WALLACE STREET, BOMBAY I

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

InduSlQ" l\esearch, New Delhi, at the Catholic Press, Ranchi, India

Regd No. PT-842
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