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PACKARD~
SPEED REPETITIVE TESTS

HEWLETT

on Production Lines and Automatic Systems

FIRST SCOPE
Specifically designed

for sequential testing with

push button speed and

laboratory accuracy

Routine production testing procedures have now become a quick. accurate one-two sequence with the
new high sensitivity. high frequency (5 mv/cm. 25 MHz) hp model 155Afl550A push button. programmable
oScilloscope. You push a Dutton and read a trace. Test time per unit is reduced. test procedures are
simplified. operator errors are minimized. training time shortened - and the number of required test
stations can be reduced. Check out routines in automatic systems are speeded by eliminating all manual
scope adjustments.

You can insert up to 18 programmes in each 1550A digital programmer, or cascade. programmers for addi­
tional capability. Each programme can control any or all major scope functions-including vertical positioning.
sensitivity. input coupling. sweep time. trigger source and trigger slope-with a press of a button.

Only a few minutes are required to insert diode pins for setting up programmes in the all-digited programmer.
Diode-controlled. digital programming makes the 155A/1550A fully compatible with any contact-closure­
to-ground programmer for high speed. automatic clieck-out systems.

Measurements are repeatable. because the unique hp DC stabilizer circuitry eliminates DC drift. The
trace stays where it is positioned for measurement confidence. regardless of sensitivity or sweep. Calibrated
positioning over ± 25 cm dynamic range can eliminate need for voltmeters. Typical DC measurement
accuracy is ±2 per cent of reading.

For details please write to:
SOLE DISTRIBUTORS

THE SCIENTIFIC INSTRUMENT COMPANY LIMITED
ALLAHABAD BOMBAY CALCUTTA MADRAS NEW DELHI

Head Office: 6 Tej Bahadur Sapru Road, Allahabad
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HARTMANN & BRAUN AG

•

Electrical measuring
instruments and process
control equipment of
any type

Now manufactured
under licence in India

by:
TOSHNIWAL INDUSTRIES PVT. LTD.

AJMER

Sole selling agents

TOSHNIWAL BROTHERS PRIVATE LTD.
198 JAMSHEDJI TATA ROAD, BOMBAY I

8ranches
Kacheri Road. AJMER • asA Sarat 10•• Itoad, CALCUTTA l'

JEll /hUldowala. Exto.tlo., NEW DELHI I

Ilouftd T..... Mount Road, MADRAS 1
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NaOH

THE LATEST IN
ALKALI CHLORINE PlANTS
FOR THE PRODUCTION OF
CAUSTIC SODA AND CHLORINE

. PINTSCH BAMAG electrolytic plants have
established their superiority through
these exclusive features:
• Uniformly high efficiency
• Low cell voltage and high current density
• Cells can be overloaded within wide

limits; no stand-by cells are needed
• Low mercury consumption
• High purity of end products
• Minimum attendance and maintenance
• ~ompact, space saving design
Pintsch Bamag AG
WEST GERMANY

MOTWANE
PRIVAT. LIMITaD
Iff MMlllrNI fNn4tM "oed, ,.,1 801 No. 1112 Iombtt·'
Phoftl: nnn,6,.",.: 'CHIPHON['" efIlcn. "_,,""I
New Denll. c.lIIna. LUCUlow, .c.nPUf, Ma4lt. eM 1M'...... CIHl.ooJt
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-line a world without colour-a IiIM-and·shadow world IIlIIead 01
our lDIIItJ.bued unMrsc. Colour implies UCe, vilour, va"'y•..
Primitive man realised the sitnificance ot colour and made it very mIlCh
a part of his life. He incorporated it in ritual. He lISed it tor adomment or
eo mau'himsell learsome in billie.
Modem man uses colour even more-to make UCe varied and joyful­
with brilht colour schemes tor homes. oI'Iices, automobila-alld beautH\al
IUuatrated mapzincs, multioCOloured rub1Jer and plastic articles.
All these and many others need Piaments, and more 10 orpnic: pillDODl&
IUCh as those manuCaclUre" by COLOOIl.alEM.

Textile printers use orpnlc pisment emulsions as well as synthetic biDder
II1&teriaIs, both of which CO't.oua.cIllN were the tint to manufacture
III India. With the technical knowledlC ot Germany's leaders in the tIIId­
'AUENFAIIlIKEN IAYEII 1.0. and 'AII'W£IIKE HOECHST .\0.­
and skill born 01 eAperiellCC and wx:eulna research, COl.OUlloCHEllf
continue to manutacture the finest quality prodllClI.

UNQUESTIONABLY

COLOUR-CHEM.
DiJlribul.d Iluoug1l:
• CItIKA LIMITED, Mehta Cbambers, 13, Mathew Road, Bombay....
• HOECHST DYES .. CHEMICALS LID., .

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

1
,..-~l (Barktd by /00 ytllTS ofGn_ ;Xp-rinr~)
rfilSfmJ COLOUR. CHEM LIMITED

Fort House, 221, Dadabhoy' Naoroji Road.
Fort, Bombay·1.
Mokm ofP;,mtIllS & BiNkn

In collaboration with
FARBENFABRIKEN BAYER AG., Lemkusen. WestCJennallr. and
FARBWERKE HOECHST AG.• Frankfurt, West 0eralan1.
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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

Self.bal:lncing Conductivity Indicator

Soil Moisture Meter

~INSTRUM~NTSINC.

CEDAR GROVE OPERATIONS

Sold and serviced in India exclusively by

t!J
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Solu Bridge Conductivity M.t.r

Portable Conductivity Recorder

GOI ,omplo'o d014i1s from BLUE STAR o/Iicos 0':
Connaught Ho~s•• Connaught Circ:us, New Deihl 1
Band Box HOUI., Annie Beaant Rd., Bombay 18
7 Hare Str.et, Calcutta 1

-23/24 Second Line Beach, Madras 1
16 Kaiser Bungalow, Oindli Road, Jamshedpur
14/10 Ci"il Lin••, Kanpur
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Indispensable in Research and in Practice • • .

Photoelectric Colorimeter UK VII S
according to Dr. B. Lange
It operates on the principle of deflection and compensation
• for individual, mass and continuous measurements
• for colorimetric, turbidity and fluorescence measurements
• for photoelectric titrations
• for amounts of liquid from 0.1 ml to 100 ml

Direct Reading and Recording

AS

ELEKTROPHYSIKALISCHE WERKST ATTER
117 Berlin-Kopenick, Grunauer Strasse lOla
German Democratic Republic

AGENCY

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

DOKUMATOR

Microfilm Recorder "DAV"

Microfilm Reader II

Microfilm Re-Enlarger II

Microfilm Developing Instrument

Microfilm Copying Instrument

VEB Carl Zeiss dENA
GERMAN DEMOCRATIC REPUBLIC

Economizing In
Space
Man-hours
and Money-
our DOKUMATOR System
including the
High-Efficiency Microreproduction
Instruments
made in JENA
for the recording of originals
from formats DIN A 6 to DIN A 0

Sole Agents in India:

• Birthplace and
Centre of Modern Optics

GORDHANDAS DlEmAI PRIVATE LTD.
KERMANI BUILDING. SIR PHIROZSHAH MEHTA ROAD. BOMBAY-1 BR

BOMBAY MADRAS CALCUITA NEW DELHI BARODA
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MICROSCOPES
and

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 (or phase contrast,
dark and bright field,"Binolux" Mercury Illuminator for coner3St fluorescence­
Combination of phase Contrast and fluorescence.

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

Sold and Serviced in India by:
Exclusive Agents and Distributors

NEO-PHARMA INSTRUMENTS CORPORATION
Kasturl BJdgs., J. Tata Road. BOM8AY-1.

Technical Service Offices: CALCUTTA_ DELHI_MADRAS
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Coronary Thrombosis

,

,
~

A development in the treatment of coronary

thrombosis and deep venous thrombosis. .
has been the introduction of

BINDAN
(2-Phenyl-l: 3-indanedione)

co

I
C6

CH-< >

~
~

I

.In oral anticoagulant therapy .

BINDAN provides * more rapid onset of action

* easy management

* uniformity in action

MalUlfaetured by

BENGAL IMMUNITY
COMPANY LIMITED

CALCUTIA 13

...........................................................
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'LAB-CHEM'
ANALYTICAL BALANCES &

WEIGHTS

for

INDUSTRIAL, RESEARCH & COLLEGE
LABORATORIES

Manufactured by

LAB-CHEM BALANCE WORKS
BOMBAY II

•
Contact Sole Selling Agents:

INDIA SCIENTIFIC TRADERS
DEALERS IN LABORATORY EQUIPMENT

OF EVERY DESCRIPTION

PEERBHOY MANSION

460 SARDAR VALLABHBHAI PATEL ROAD

BOMBAY .. (BR)

Phone: 16336 Gram: • Esvilack •

Al2

THE INTERNATIONAL
CHEMICAL INDUSTRIES

103.8. UPPER CIRCULAR. ROAD
C.ACHARYA PRAFULLA CHANDRA ROAD)

CALCUTTA·9
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Over twenty years' proved
performance

(INDIA MADE)

X-RAY DIFFRACTION
APPARATUS

complete with

MACHLETT Shockproof Beryllium
Window Sealed Tubes of different

Target Materials

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

•
MACHINE already Incorporates voltage com­

pensator to compensate plus or minus
IS volts supply change

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

MACHINE for further STABILIZATION

CAMERAS of various types can also be
supplied for the MACHINE

•
also

X-RAY PLANT FOR BIOLOGICAL
RESEARCH & INDUSTRIAL RADIO­

GRAPHY & HIGH TENSION
TESTING SETS

•
DBUVERY BX·STOCK

NO UCBNCB REQUIRBD

Further details from
. .

RADON HOUSE
PRIVATE LIMITED
7 SARDAR SANKAR ROAD

CALCUTTA 26

JSIIl-OCTOBCIl I'"

optical instruments
and

allied components
•

GHARPURE & co.
P-36 INDIA EXCHANGE PLACE EXTN.

CALCUTTA I

Gram: MEENAMO • Phone: 22·2061

. RAW MATERIALS FOR

RESEARCH 81 INDUSTRY~. ~.9

CERBERUS AG.
(SWITZERLAND)

Special purpose electronic tubes namely

cold cathode relay tubes, decade counter

tubes, voltage reference tubes and other

special purpose tubes.

For further particulars contact:

K. S~ H IRLEKAR
Weltern India Houle

Sir Pherozshah Mehta Road
BOMBAY I

Gram: 'INDauIlEAu', aombay • Phon.: 251931/152073
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AVAILABLE FROM READY STOCK

'ERMA' dapan make ABBE REFRACTOMETER
for determination of refractive index of any transparent liquid, plastic or solid

body, from 10300 to 1.700. More details on application.

ABBE
REFRACTOMETER

Also available ex-stock

'SPECTRONIC 20' SPECTROMETER·CUM.COLORIMETER,

FLAME PHOTOMETER, SINGLE PAN BALANCE,

VACUUM PUMPS, ETC.

PLEASE CONTACT

RATIONAL SALES ASSOCIATES
Registered Office

382-83 Lalli Nathu Buildlnl, Telanl Cross Road No.2
MATUNGA, BOMBAY 19 DD

Phone: 475686

Soles Office

65-67 Sutar Chaw', First Floor, Zavarl Bazar
BOMBAY 2 BR

Phone: 327617 " 327647

SP/RS/l

From Ready Stock

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

Silicaware, Porcelainware, Filter Papers,
etc.

BIOLOGICAL ITEMS

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

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

SCIENTIFIC SALES SYNDICATE
Post Box No. 2358, 2<4 First Dhobl Talao Lane

BOMBAY 2 BR

COUNCIL OF SCIENTIFIC &:

INDUSTRIAL RESEARCH

(Indian Languages Unit)

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

Libraries. etc.

Sinlle copy 0.50 paise
Annual subscription Rs 5.00

For full particulars, please write to the Manager,
Indian languages Unit, CSIR, P.I.D. 8uilding,

Hillside Road, New DeIhl 12

Note - M.O.s;Cheques should be sent drawn in favour
of the Secretary, Council of Scientific " Industrial

Research, Rafi Marg. New Delhi I
Telephone: 19160

A14

Tele,,,ms: CENTROflX
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Gansons ISOTOPES HANDLING EQUIPMENT

Production Plant for Iodlne-131 at the Atomic Enern Emblishment, Trombay

GANSONS PRIVATE LIMITED, POST BOX NO. 5576, BOMBAY-'....

ll/GS/lO

RADIOTONE
RECTIFIER UNITS

For all your requirements in rectifier units
write to us giving your exact requirements

We Design and Build

• Rectifier u nits, DC units • Battery
Chargers, Eliminators and other types of

HT and LT units

(or various specifications up to 1000 volts
5000 amperes

We have been supplying these as well as
different types of transformers, selenium metal
rectifiers, waveband switches, etc., for different
specifications to Industry, Trade and Govern­
ment Departments for over 10 years past. A

trial will satisfy you too.

RADIO ELECTRIC PRIVATE LTD.
Manufacturers of RAO/OTONE Products

2C Lamlngton Chambers, Lamlngton Road
BOMBAY 4

JSIR-OCTOBER 1966

mm GRAM: : 'ASHACOM' PHONE: llBSS

mm SUPERIOR LAMP BLOWN
mm PYREX GLASS APPARATUS;

"'? mm ASSEMBLIES ACCESSORIES

J..,Jm!~:~:==
6 Man~~~~tured by

SCIENTIFIC EQUIPMENT
MFG. CO.

An associate of

ASHA SCIENTIFIC CO.
DIRECT IMPORTERS & MANUfACTURERS' REPRESENTATIVES,

SOl, GIRGAUM ROAD. BOMBAY 2.

Interchangeable Laboratory

Glas5:~l~re 'Our Special it/

WE SUPPLY COMPLICATED RESEARCH APPARATUS

A1S



UNIVERSAL APPLICATION

PRECISION

ECONOMIC

Rotary Viscosimeter 'Rheotest' Immersion Thermostat, Type E 3 E Ultra Thermostat, Type NBE

High-performance measuring and controlling instruments
for scientific research in widely differing institutes an d
laboratories and for unfailing service in all branches
of industry.

Liquid circulation thermostat

Rheological measuring instruments
(viscosimeter. consistometer)

Analytical instruments for examining lubricants and fuels

General laboratory apparatus

VEB Prufgerate-Werk Medingen
German Democratic Republic

A16

AGENCY:

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

prestige
precision

products

ALSO

• MICROTOMES

• MICRO"ROJECTORS

• OVENS
• INCUIATORS

• WATER STILLS

• WATER lATHS

• PARAFFIN lATHS

• STIRRERS

• HOT "LATEI

INDEX TO ADVERTISERS

CENTRAL GLASS & CERAMIC RE'iEARCK INSTITUTE,

CALCUTTA A26

CHHF:NNA CORPORATIO);, DELH! A23

COLOUR'CH~W: LTD., BOMBAY A6

CSIR PUBLICATIONS & INFORMATION DIRECTORATE,

NEW DELHI Al4., 10, 22, 32

DEUTSCHE EXPORT-UNO INPORTGESELLSCHAFT FEINMECItANIK­

QpTIK Y8H., 102 BERLIN, SCHICKLERSTRASSE 7... AS, 16, SO, 31, S3

ASKA SCIENTIFIC Co., BOMBAY

BASIC & SYNTHETIC CHE.ueALS PRIVATE LTD., CALCUTtA

BENGAL hlMUNlTV Co. LTD., CALCUTTA

BLUE STA. ENGINEEatSG Co. (PaIVAf&) LTD., BOltBAY

B. PATEL & Co., BOMBAY

BalTISH DaUG HOUSES (INDIA) PRIVATE LTD., BOMBAY

GANSONS PRIVATE LTD., BOMBAY •••

GHAapURE & Co., CALCUTTA

GORDHANDAS DES.U PIUVATlC LTD., BOMBAY •••

IMPACT, UNESCO, PARIS

INDIA SCIENTIPIC TRADERS, BOMBAY

ISTERNATIONAL AGENCIES, BOM~AY

hTERNATIONAL CHEMICAL hDUSTRIES, CALCUTTA

J. T. lAGTIANI, BOMBAY

K. S. HlaLEKAR, BOMBA Y
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A27

A2S

A15

AU

AS.

A26

AU

A2'

Al2

AI7

AU

LABOKATORY FURNISHERS, BOMSA Y

MARTIN & HARRIS (PRIVATE) LTD., BoMBAY ...

~bnUR CHEMICAL & INDUSTRIAL CORPORATION LTD.,

SALEM

MODERN SCiENTIFIC INSTRUMENT CO., BOMBAY

MOTWANE PRIVATE LTD., BOMBAY

MYSORE INDUSTRIAL & TESTlNG LABORATORY LTD.,

BANGALORE

NEO-PHARMA INSTRUMENTS CORPORATION, BOMBAY

OCEANIC INOl'STRIES (INnJA) PRIVAT~ LTD., CALCUTTA

PHARKA TRUST, BOWSAY

RADIO ELl-CTRIC PRIVATI:: LTD., BOMSAY

RADON HOUSE PRIVATE LTD., CALCUTTA

RATIONAL SALES ASSOCIATES, BOMBAY

SCIENTIFIC !NSrRUMENT CO. LTD., ALLAHABAD

SciENTIFIC SALES SYNDICATE, BOMBAY

SETT & DE, CALCUTTA ...

S. H. KELKAR & Co. (PRIVATE) LTD., BOMBAY

TEMPO INDUSTRIAL CORPORATION, BOMBAY

TOSHNIWAL BROTHERS PRIVATE LTD., BONBAY

UNIQUE TRADING CoRPORATION, BOMBAY

UNIVE'itSAL SCIENTIFIC CO., BOMBAY
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ELECTRIC
OVEN

PARAFFIN EMBEDDING

BATH

SHAKING MACHINES

~
LABORATORY

EQUIPMENT

•

*,

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

INCUBATOR

WATER STILL

SEROLOGICAL
BATH

AlB

Manufactured by

TEMPO INDUSTRIAL CORPORATION
394, LAMINGTON ROAD, BOMBAY 4. BR.
Telephone: 41233 Telegrams: "TEMPOVEN"
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Dr Atma Ram

DR ATMA RAM, Director, Central Glass &
Ceramic Research Institute, Calcutta, has
been appointed Director-General, Scientific &

Industrial Research. He took charge on 22 August
1966.

Born on 12 October 1908 at Pi lana, District
Bijnor, UP, Dr Atma Ram had a brilliant academic
career at the University of Allahabad. He was
awarded the degree of Doctor of Science in 1936
by the Allahabad University for his fundamental
researches on photochemical reactions.

Dr Atma Ram started his career as a member
of the research team, headed by the late Dr S. S.
Bhatnagar, in the Industrial Research Bureau and
subsequently joir.ed the Council of Scientific
& Industrial Research (CSIR). In 1945, the
Governing Body of CSIR entrusted to him the re­
sponsibility of organizing the newly started Central
Glass & Ceramic Research Institute at Calcutta and
he was appointed Director of the Institute in 1952.
Under his inspiring leadership, the technology of
producing optical glass has been developed solely
by indigenous effort and the Central Glass & Ceramic
Research Institute, Calcutta, has been producing
optical glass since 1960 in quantities sufficient to
meet the entire I equirements of the country. Of
the many contributions which the Institute has
made under his initiative and guidance, mention
may be made of the production of foam glass and
selenium-free red glass, utilization of waste mica
for the manufacture of insulating bricks, and a
technique for wet grinding of mica, many of which
have given rise to new industries in the country.
On the fundamental side, investigations on the
constitution of glass and the origin of colour in
copper-red glass are noteworthy.

Dr Atma Ram is the author of about a hundred
scientific and technical papers in the field of physical
chemistry, photochemistry, glass and ceramics.
He has also a number of patents to his credit. He
is the author of a book in Hindi on History of
Chemistry.

Dr Atma Ram was honoured with Padma Shri in
1959 by the President of India for his distinguished
services to the country. He has been the first
recipient of the Shanti Swarup Bhatnagar Medal
(1959) of the National Institute of Sciences of India
for his outstanding contributions to the development
of technology and creating science consciousness
in the glass and ceramic industry in the country.
Dr Atma Ram is also the first recipient of the Uttar
Pradesh Scientific Research Committee Gold Medal
and Cash Award, and the K. G. Naik Gold Medal

Dr Atma Ram

of the M.S. University of Baroda. In recognition
of his distinguished services to the cause of
the industry, the All-India Glass Manufacturers'
Federation awarded a Plaque of Honour to him
in 1964.

Dr Atma Ram is a fellow of several learned
societies and scientific institutions in the country
and abroad. Recently, he was elected Honorary
Fellow of the Socidy of Glass Technology, Shef­
field, one of 6 such fellows from UK, USA
and Sweden. He is a Fellow of the National
Institute of Sciences of Ir.dia, Institution of
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Cosmological Theories·
J. V. NARLIKAR

A FEW years ago a discussion of cosmological
theories would have been almost entirely
theoretical. Today, thanks to the improve­

ment in the observational situation, we can also
consider a number of possible checks on the theories.
Although there is no clear-cut distinction between
the two it is convenient to divide the discussion
into two classes, viz. theoretical and observational.

Theoretical Considerations
Singularity - The equations of classical general

relativity have so far failed to yield nonsingular
cosmological models. The homogeneous-isotropic
models have a singular origin. The so-called big
bang models oscillating between radii have not
been possible to obtain. Dropping isotropy leads
to shear and rotation. Raychaudhuri's equation
shows that shear helps and rotation prevents the
singularity. However, no nonsingular model has
been obtained. An investigation by Penrose for
finite objects shows that dropping homogeneity
and isotropy is not likely to prevent singularity.
This has been extended to the universe (which may
be infinite) by Hawking, Ellis and Carter. One
of the requirements is that TikUiUk be positive
definite for all time like vectors Ui. That singularity
can be prevented if this condition is violated is
shown by the explicit solution of Hoyle and Narlikar
using the C-field. If the C-field is creating matter
it leads to the nonsingular steady state universe.
If no matter is being created the universe (or a
finite massive object) oscillates between two finite
radii. Thus an oscillating model is possible if one
is willing to use a negative energy field like the
C-field.

The age of the ll11iverse - Associated with the pro­
blem of singularity is the problem of age. Assuming
that a big bang universe came into existence at t=O,
and that we confine physical discussion only to t>O,
what is the' age' of the universe at present? The
answer in most cases is not more than H-l, where
H is the Hubble constant. The observations show
H-l", 1010 years. This is much too small, for the
estimated age of our galaxy is ",1·5XIOlO years
and galaxies older than our own are also likely to
exist. Unless the galactic ages are wrongly com­
puted or H is wrongly measured or both, there is
a serious discrepancy.

The discrepancy is present in the steady state
model also, although not in an acute form. Although
the universe is infinitely old and can have arbitrarily
old galaxies in it, the average age is lH-l for
all galaxies. Why do we observe galaxies much
older than this in our neighbourhood? We may
answer this only when a reasonable theory of galaxy
formation is available.

-Based on a talk delivered by tbe author at the seminar
on Relativistic Cosmology and Gravitational Theories held
at the National Physical Laboratory, New Delhi. during
21-22 February 1966.

-t32

Dicke has attempted to reduce the discrepancy
in the big bang case by having a theory of gravitation
in which the gravitational constant changes with
the epoch.

The arrow of til/Ie-The Wheeler-Feynmen theory
has been applied by Hogarth and by Hoyle and
Narlikar to cosmological models. It turns out that
retarded solutions arc consistent in the steady state
model and advanced solutions in the big bang
Einstein-de Sitter model. Thus the electrodynamic
arrow of time agrees with the cosmological arrow in
the former but not in the latter model. Similar
results have been obtained by other methods by
Penrose for fields with spin > 1/2, for neutrino
by Narlikar, and for gravitational radiation by
J. Krishna Rao and P. C. Vaidya.

Ma'ch's principle - The observational result
behind Mach's principle is explained in the big bang
theories by choosing suitable initial conditions at
t=O. The need for this choice may not arise in the
steady state model because creation of matter would
tend to bring about homogeneity and isotropy.
Hoyle and Narlikar have demonstrated this con­
jecture to be true in the case where the departure
from homogeneity and isotropy is small.

Observational Considerations
Magnitltde of the red shift-The magnitude of the

red shift for distant galaxies would, in principle,
measure the Hubble constant and the deceleration
parameter:

(5)H= -
S 1=1,

where to is the present epoch. Sandage's obser­
vations indicate q~ 1. The steady state value is
q~-1. Thus q=1 would favour a universe which
is slowing down and which would contract later.
In practice, there are many uncertainties of obser­
vations and it is not yet possible to draw a definitive
conclusion from this test.

Counting of ra~No sourccs - The Cambridge
survey gives a slope of log N -log S curve (here
N is the number of extragalactic sources brighter
than flux level S) to be ",-1,8. The steady
state value is -I,5 for large S, and diminishing
in magnitude as S decreases. The data on their face
value indicate a larger source density in the past
than now - against the steady state prediction.

Veron has found that the slope is made up of two
different components. For radio galaxies the slope
is -I,56, and this would not contradict the steady
state theory within observational errors. For quasi­
stellar radio sources the slope is -2·2. If the quasi­
stellars are distant objects this is evidence heavily
against the steady state theory.

Neutral hydrogen density - The continuum of
the source 3C-9 with large red shift Z=2·01 is only
partially absorbed on the blueward side of Lyman-Cl.
This means that if the source is distant the
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intergalactic medium contains very little neutral
hydrogen-about _to-lit g./cc. The cosmological
models predict a density of matter about 10& times
this value. Ionized hydrogen might exist at this
density value if the intergalactic medium has electron
temperature as high as to&-t06°K.

The three tests detailed above will have valuable
cosmological significance if the quasi-stellar objects
are distant. They have very little importance if
these objects are local, being thrown out of our galaxy
or a nearby source. This issue has not yet been
r.esolved.

Background radiation - Observations by Penzies
and Wilson at Bell Telephone LaboratOlies show
the universe to have a radiation temperature _3°K.
at 7 em. Similar results are indicated in the obser­
vations made at Princeton. This radiation could
be accounted for if the universe had a high tempe­
rature-density phase when radiation was pre­
dominant. The steady state model cannot account
for such a temperature yet.

Helium abundance - The abundance of elements
can be explained in terms of synthesis in stars as
shown by Burbidge, Bmbidge, Fowler and Hoyle.
However, the HelH ratio on this basis turns cut to
be only 0·01 as compared to the obserV€d value in
the range 0'09-0'18. The high helium abundance
can be explained by imagining the matter in the
universe to have passed through a high temper ature
(_10rooK.) phase when radiation was most im­
portant. This is possible in a radiation universe
as pointed out by Tayler and Hoyle. They also
account for this ratio in a steady state universe by

cook~g helium inside massive superstars. But tbis
requrres a large number of such massive objects in
the universe.

Conclusion

One.of the advantages of the assumption that
the UnIverse was more dense and hotter in the past
than now is that the formation of galaxies can be
explained very satisfactcrily, as pointed out by
Hoyle. Indeed the theOly of galaxy formation wcrks
out so satisfactcrily that Hoyle was tempted to give
up the simple steady state theOl y he had put forward
in 1948.

What are the alternatives? An oscillating uni­
v~rse w~uld be a possibility but it has thermodynamic
difficultIes. What happens to the anow of time?
Why are the oscillations not damj:ed already, if
the universe is infinitely old? These questions
have not been answered.

We can overcome these difficulties if the oscilla­
tions are not over the whole universe but over finite
regions only. Hoyle and Narlikar have consid<red
such a model which behaves like a dense steady
state universe in which creation of matter takes
place in pockets of strong gravitatior.al field (e.g.
near massive objc cts). In regions where there are
fewer pockets, creation is ultimately cut off and
such regions expar.d ar.d contract like bubbles. We
may be living inside such a bubble. What lies cut­
side such bubbles is indicatcd by elliptical galaxies
which are bubbles that did not expand fully owing
to the att! action of masses in the nuclei of the
galaxies.

Symposium on Comparative Endocrinology
L. S. RAMASWAMI

Department 01 Zoology. University of Rajasthan. Jaip\lr

A SYMPOSIUM on Comparative Endocrinology,
the first of its kind to be held in India so
as to serve as a common forum for the large

number of workers in the field, was organized under
the joint auspices of the National Institute of
Sciences of India and the University of Rajasthan,
Jaipur, during 23-30 December 1965. Thirty-four
papers were read and discussed during the
symposium.

Effect of Adrenalectomy
P. Seth and M. R. N. Prasad (University of Delhi)

reported in their paper that adrenalectomized
squirrels (Funambl~lus) develop adrenocortical-like
tissue in the extra-ovarian region close to the tunica,
and the cortex also develops cells of this type in the
atretic follicles. The effect of ACTH on this new
tissue was discussed.

In another paper, A. H. Reddi, M. R. N. Prasad
and S. Duraiswami (University of Delhi) discussed

the formative sites of fructose and citric acid in the
male accessory glands of Funambulus; the seminal
vesicle produces only fructose while the compact
prostate produces both citric acid and fructose.

Lipogenesis in the kidney of Hemidactylus after
testosterone administration was discussed by M. N.
Sanyal and M. R. N.Prasad (University of Delhi)
with particular reference to the sex segment.
Choline containing phospholipids are present in the
sex segment in large amounts; the various consti­
tuents have been confirmed by 32p turn over studies.
The phosphatides in the testosterone induced sex
segment in both sexes are similar to those that the
male sex segment nonnally develops. Spenn survival
depends 00 the sex segment secretions. Androgens
are also found to be lipogenic.

C10~iphene Studies
The effect of clomiphene, a blastotoxic agent, on the

male rats was discussed by S. P. Kalra and M. R. N.

433



J. SCI. INDUSTR. RES" VOL. 25, OCTOBER 1966

Prasad (University of Delhi). Spermatogenesis is
inhibited when clomiphene is administered in doses of
250 flg. a day or higher doses for long periods and then
stopped. Leydig cells atrophy and the accessories
are thus put out of action. Withdrawal of treatment
causes the gland to resume its activity within 30 days.
The sperms are fertile. The effect of clomiphene as a
temporary suppressor of spermatogenesis may be
due to its estrogenic activity suppressing the flow of
gonadotropins.

Clomiphene on Gerbil

The effect of clomiphene (MRL 41) has been
studied on the reproductive glands of male and
female gerbils (Meriones). D. K. Kaul and L. S.
Ramaswami (University of Rajasthan, Jaipur)
reported a reduction in normal ovarian weights after
clomiphene treatment in unilaterally ovariectomized
female gerbils receiving a total dose of 0·75 mg.
either subcutaneously or intratesticularly. Though
compensatory hypertrophy of the ovary is checked
in the animals, an increase in uterine weight is
observed. The males also show a reduction in weight
of the testes and spermatogenesis is inhibited variably
while the accessories are unaffected.

Portal Circulation in Fish

The hypothalamo-hypophysial vascular system of
the,minnow, Phoxinus, has been critically examined
by H. N. Bhargava (University of Saugar). Since
there is no nervous contact between the adeno- and
neuro-hypophysis, the influence of the latter appears
to be hormonal. In the minnow, there is no portal
system and the blood system is therefore systemic.
There is a rich vascularization of the stalk region
and also above it. The author felt that the region
above the stalk containing Gomori positive bodies
could not be homologized with the median eminence
of higher vertebrates. There is no direct arterial
blood supply to the adenohypophysis, and there is
only a tiny venous drainage. Since the blood vessels
lie within the neurohypophysis, a ramification of the
latter in the adenohypophysis is considered necessary.
The central longitudinal sinus is enlarged during
prespawning and spawning periods.

Thyroid Gland

The functions of the thyroid cell are not clearly
understood, particularly with reference to the syn­
thesis of the colloid. The colloid is held to be the
exclusive site of its synthesis. E. Raghupathy
(Madras Medical College) reported that dispersed
cultures of thyroid cells obtained by continuous
flow trypsinization show most of the characteristics
of the thyroid gland. They concentrate iodide,
form protein-bound iodotyrosines and iodothyronines,
and deiodinate iodotyrosines and not iodothyronines.
When cultivated as monolayers, they reorganize and
show structures similar to the thyroid gland. The
results show that protein iodination occurs in the
follicular cells and that if iodide secretion into
extracellular colloid does occur, it is not an essential
aspect of iodine metabolism. He also summarized
the results obtained from iodine metabolic studies
in Branchiostoma, Eptatretus (hag-fish), Taricha,
Amphiuma, Necturus and Pituophis (snake).
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Thyroid-~onad Axis in Birds

The relationship between the thyroid gland and
gonads in the birds has been receiving considerable
attention these days. It is known that wild and
domestic birds vary in their reactions. D. K. Vyas
and L. S. Ramaswami (University of Rajasthan,
J aipur) using the crow and pigeon noted that both
surgical and radiochemical thyroidectomy during the
non-breeding season retain the gonads in a regressed
condition and if done during the sexually active
season, the gonads regress and continue to remain
regressed. They pointed out that this relationship is
different when compared with the filldings in wild
birds.

Hypothyroidism in Lower Vertebrates

It is known that hypothyroidism considerably
interferes with the reproductive physiology in the
lower vertebrates. H. B. Sarkar and M. A. Rao
(University of Mysore) discussed results of in vitro,
in vivo and transplantation experiments on Rana.
The results indicate that thiourea treatment 01'

thyroxine feeding to normal control frogs has an
inhibitory effect on ovulatory and spawning response
both in vivo and in vitro. Transplantation studies
indicate that thiourea affects the body system and
thyroxine affects the ovaries. But thyroxine feeding
to thiourea treated frogs has a normalizing effect
both in vivo and in vitro. The possibilities of both
hypothyroidism and hyperthyroidism interfering with
production and release of pituitary hormones and
thus affecting the reproductive capacities through
pituitary-adrenal gonad axis were discussed.

Gonadotropins

The presence of a FSH inhibitor in the monkey
(Macaca) has been brought out in a convincing way
by N. R. Moudgal (Indian Institute of Science,
Bangalore) by an examination of 'refrigerated urine
from the animal. Several investigators have reported
the presence of such FSH inhibition in human urine.
All age groups, of both sexes and even castrates
excrete the inhibitor which has been found to be a
non-dialysable, heat labile protein fraction. This
does not inhibit the LH activity as tested by ovarian
ascorbic acid depletion and ventral prostate tests.
The inhibitor does not produce any weight loss in
rats tested. The author discussed the effects of the
inhibitor in rats. In another paper, H. G. Madhawa
Raj and N. R. Moudgal (Indian Institute of Science,
Bangalore) reported the presence of a luteinizing
hormone inhibitor in human urine, using the ovarian
ascorbic acid depletion test of Parlow.

Avian Body-wei~ht Cycle

There is very little reliable information regarding
the body-weight cycles of the non-migratory birds.
The physiological factors regulating the cycles are
still not understood clearly. To fill this lacuna,
l P. Thapliyal (Banaras Hindu University, Varanasi)
discussed the body-weight cycle of the spotted munia,
Uroloncha. In local non-migratory spotted munia,
both sexes experience annual body-weight cycles
that closely correspond with the gonadal cycles.
Although castration experiments suggested the
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absence of a relationship between gonadal activity
and weight gain, the average weight of a female is
lower than a male. The average weights of the sexes,
however, overlap when the birds are thyroidectomiz­
ed. In the absence of thyroids, rapid increase in the
gonad size and body weight or of the body weight
in the case of castrates occurs which after reaching a
maximum, unlike in the normal birds, does not
regress, but follows a plateau. To explain this pheno­
menon, the author suggested that the thyroid activity
is inversely related to the output of the trophic and
metabolic hormones of the adenohypophysis, which
regulate the body weight and gonadal cycles.

Spawning of Catfish

Hcterojmcltsles has been found to be an ideal
catfish for studies on induction of spawning. B. I.
Sundararaj and S. V. Goswami (University of Delhi)
described the use of various hormones that cause
ovulation in hypophysectomized catfish and meto­
piron. Three days after hypophysectomy, the response
of the ovary sharply declines probably due to the
disintegration of ova. The female pituitary is found
to be 3-4 times more potent than that of male.
Administration of metopiron for 3 days to hypo­
physectomized catfish fails to induce ovulation with
LH whereas corticoid injection causes ovulation.

B. I. Sundararaj and S. K. Nayyar (University of
Delhi) discussed the effects of testosterone propionate
and estrogen on the testes and seminal vesicles of
hypophysectomized male catfish. Testosterone
propionate (2,5 mg. or 0·5 mg.fday for 30 days)
increases the weight of testes and seminal vesicles,
the latter gland being secretory. In the testes,
spermatogenesis is qualitatively restored and the
sperm are present in most tubules. Estrogen
20 fig.fday for 30 days) did not activate the testes or
seminal vesicles.

Immunological Methods

Immunological methods are increasingly used in
comparing gonadotropins from various sources.
Shanta S. Rao, K. Sadri, S. R. Munshi and S. K.
Shahani (Indian Cancer Research Centre, Bombay)
described their findings with regard to human, ovine,
bovine and porcine gonadotropins. How exactly the
common antigens worked between these gonadotropic
hormones from these sources were well illustrated.

Experimental Cryptorchism

The desert gerbil, Meriones, has been the target of
extensive reproductive biological studies. Experi­
mentally these rodents were made cryptorchid
and then their hydrolytic enzymes were studied for
a period ranging over 10-22 days. R. S. Mathur
and K. Singh (University of Rajasthan, ]aipur)
brought out that in 10-15 days' cryptorchid testes,
mitotic activity in the primary spermatocyte became
suppressed but the Leydig cells were normal. Testes
of the animal sacrificed after 21 days revealed a
progressive damage resulting in the complete cessation
of the spermatogenesis. At 32 days, there was
marked sloughing off of the germinal epithelium
in the majority of the tubules including the primary
spermatocytes. The Leydig cells showed hyperplasia
commonly noted in the cryptorchid testes. In the

32 days' cryptorchid testes, the atrophied seminiferous
tubules indicated a decrease in alkaline phosphatase,
acid phosphatase and ATPase activities. The histo­
chemical extraction of hyaluronidase revealed a
marked fall in the enzymatic activity from 10 to
21 days. The non-specific esterase activity in the
Leydig cells showed an increase. These observations
suggest an increased hormone production in the
Leydig cells of the cryptorchid testes and the con­
sequent effects on the enzyme activities. The
decreased enzymatic activities in the atrophied
seminiferous tubules may be either due to the
thermal effect when the testes are anchored in the
abdomen or to a combined thermal effect and FSH
inhibitory factor.

Reproductive Biology of Bird

PlocClls is the common Indian weaver bird
exhibiting a number of reproductive peculiarities.
One aspect, viz. gonadal inhibition of hypophysis,
was discussed by R. N. Saxena (University of Delhi).
It is generally believed that sex hormones bring about
the inhibition of the adenohypophysis in birds,
but recently these are not credited with any such
important role and it is supposed that the cycle ends
due to 'self-exhaustion' of hypophysis and it
becomes refractory when it cannot react to any
environmental stimuli. But working with the Indian
weaver birds, the results obtained run contrary to
the current thesis that seasonal exhaustion of the
hypophysis is voluntary and independent of gonads.
It is found out that in this bird sex hormone(s)
at the peak of the reproductive activity interacts
with the hypophysis causing it to stop the secretion
of gonadotropins. The absence of satisfactory
environmental stimuli and essential day length
at that time of the year helps in the process. Thus
the reproductive cycle of this species of bird is under
dual control of stimulatory effects of increased
day length and inhibitory influence of gonadal
hormones. These results were secured through
various experimental approaches, viz. castration,
transplantation of male gonads and sex hormone
injections.

Radiation Effects

Use of radioactive chemicals in the study of
reproductive biology is a fairly recent development.
It is known that certain chemicals bring about
necrosis of the testes, causing chemical sterilization
of the testes, when administered subcutaneously or
intratesticularly. Using the desert gerbil, Meriones
hurrianae, P. N. Srivastava and A. R. Rao (University
of Rajasthan, Jaipur) discussed that 45Ca injected
intratesticularly bring about radiopathological
changes in the testes and the accessory organs.
They showed that statistically significant reduction
in accessory male organs was indicative of structural
and functional degradation of the interstitium
considered radioresistant. These authors also dis­
cussed the effect of beta irradiation on the function of
FSH in the gerbil.

P. N. Srivastava and P. Umadevi (University of
Rajasthan, J aipur) brought out interesting results
on the effect of thyrotropic hormone (TSH) on
radiophosphorus and radiocalcium utilization in the
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catfish, Heteropne1,stes. As the fish lacks a para­
thyroid, the thyroid appears to take over this
function. The effect of TSH on the uptake of
SIp and 'SCa in the ovary, kidney, heart, brain,
muscle and bone have been determined with a
counter. The authors reported that TSH favours the
utilization of 32p which supports the role played by
thyroid phosphorus metabolism.

Estrogen has been shown to have radioprotective
effect provided it is given prior to irradiation.
P. N. Srivastava and S. K. Rathi (University of
Rajasthan, Jaipur) described that Heteropneustes
fossilis were given high doses of estrogen and some
of them were subsequently injected with 6OCO and 32P.
Estrogen produced deleterious effects on the mature
oocytes but irradiation brought about neutralization
of the estrogen effect to some extent. This is
possible either because of the increased androgen pro­
duction after irradiation or because of the conversion
of estradiol-17~ into estradiol-17(/; which is devoid of
any estrogenic activity.

Radiosensitivity and thyroid activity in two
varieties of goldfish, Carassi1's auratus, was discussed
by H. Etoh (National Institute of Radiological
Sciences, Japan), P. N. Srivastava (University of
Rajasthan, Jaipur) and N. Egami (National Institute
of Radiological Sciences, Japan). They demonstrated
thyroid function by the thyroid uptake factor (per
cent) and plasma protein-bound 131l conversion ratio.
Demekin variety which shows greater thyroid activity
is found to be more radiosensitive than the Wakin
variety.

B. K. Batra and Kochar (Indian Cancer Research
Centre, Bombay) discussed the X-ray induced res­
ponses in the ovaries and progeny of C-57 (BI) ICRC
mice. The reproductive performance of C-57 female
mice following single total body-irradiation was dis­
cussed. The observations made were coordinated with
observations on the histology of the ovaries. It has
been reported that the dose of 300 I' brings about
partial sterility in the animals which do not produce
more than one litter each. The ability to produce
fertilizable egg is lost about 21 days after the
treatment. No appreciable difference was observed
in the litter size of irradiated and control animals.
The immediate effect on the ova,ries is the degenera­
tion of oocytes. About a month after irradiation,
few normal follicles remain in the gland but there is
an increase in anovular follicles. This is followed·
by the appearance of follicular nests till eventually
the ovarian stroma occupies the entire gland. The
gland either is completely hyalinized or presented an
adenomatous condition. In the progeny, observa­
tions on mortality have shown that at 13 days
in utero, day of birth and at 21 day, or weaning
age, a large percentage of young are eliminated.
Besides this, in the irradiated young there is a signi­
ficant incidence of various types of morphological
abnormalities. The effects of radiation in the ovaries
was discussed with the view to understanding the
action on the ova and the response and role of the
tissue components of the gland, other than the ova.

Invertebrate Neurosecretion

It is well known that in the central nervous system
of MoUl/sea, a number of neurosecretory cells are
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present. In discussing the same in the oyster,
Crassostrea, R. Nagabhushanam (University of
Marathwada, Aurangabad) brought out two types of
cells: pyriform with Gomori positive cytoplasm and
oval with Gomori negative cytoplasm. The author
brought out that secretory products from both types
of neurosecretory cells have been found within the
axons and in the neuropile of the ganglia. Pyriform
cells show a distinct annual cycle of activity which is
correlated with the reproductive cycle. These cells
may exert an influence on the gonads. Cytochemical
tests on these neurosecretory materials revealed that
Nissl bodies (RNA) and Golgi substance are involved
in the granular appearance of the secretory substance.
Some general effects caused by extirpation of cerebral
and visceral ganglia in the Crassostrea are also
observed. Mortality is highest in the oysters
from which the visceral ganglia are extirpated.
Ablation of the cerebral ganglia seems to hasten
the spawning reaction in the female oysters.
VisceraIectomy results in considerable increase in
body weight. Injection of fresh visceral homogenate
in visceralectomized animals causes a rapid decrease
in weight. The rate of water filtration and heart
beat are considerably reduced in visceralectomized
animals.

Chromatophorotropins in Crustacea

R. Nagabhushanam (University of Marathwada,
Aurangabad) also discussed the occurrence of chro­
matophorotropins in the central nervous system of
some crustacea. He described five types of chromato­
phorotropins in the extracts of the central nervous
organs of Gelasillll4s. A high concentration of black
pigment dispersing hormone is present in the optic
ganglia, sinus gland and supraoesophageal ganglion
while thoracic ganglia and circumoesophageal
connectives have a low concentration of this hormone.
Maximum black pigment dispersing activity is
noticed in the alcohol soluble fraction of various nerve
extracts. He described the dosage response curve
for the sinus gland and reported that the black
dispersing activity increases to a peak beyond which
the acti\'ity decreases. The activity of black dis­
persing hormone from the eyestalk is unaffected by
drying but increases somewhat by boiling; it is
destroyed when treated with alkali while its activity
is enhanced by boiling with acid. The black pigment
dispersing principle is adsorbed by charcoal and is
inactivated by trypsin suggesting that it might be a
polypeptide.

The red chromatophores of Gelasimus are con­
trolled by two hormones, one that disperses and
another that concentrates the red pigment. The
red concentrating factor was highest in the thoracic
ganglion while maximum red dispersing hormone was
present in the optic ganglia. R. Nagabhushanam
reported that the white chromatophores of Gelasirmls
are under the control of two hormones. Sea water
extracts of the central 'nervous organs exhibit the
presence of white chromatophore dispersing hormone
in the total eyestalk, sinus gland, optic ganglia and
supraoesophageal ganglion while the eyestalks, optic
ganglia, circumoesophageal connectives and thoracic
ganglion show white chromatophore concentrating
hormone. He also reported that the eyestalks of
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Alpheus produce appreciable quantities of red
pigment concentrating hormone and a small quantity
of red pigment dispersing hormone.

Insect Neurosecretion

Corpora allata of insects represent the endocrine
glands and form a part of the neuroendocrine system.
K. K. Nayar and V. K. K. Prabhu (University of
Kerala, Trivandrum) discussed that in Periplaneta
spurts of neurosecretory discharge occurs into the
corpora allata when they are exerting the gonado­
tropic effects on ovary for the growth of the eggs.
The corpora allata themselves enlarge and shrink,
concomitant with the beginning of egg growth and
its termination, and throughout this period of 3-4
days there is regulated supply of neurosecretory
material. When the egg is released from the ovary
into the ootheca, which corresponds to ovulation,
neurosecretory depletion starts conspicuously, and
towards the middle of ootheca-bearing period, it is
maximal. Towards the latter part of ootheca-bearing
period, the neurosecretory material tends to accumu­
late in the tract. The corpus allatum by now gets
distended with its secretion. These are suggestive
of the neurosecretory stimulation of corpora allata.

Corpora allata are presumed to secrete one
hormone, neotenin or juvenile hormone, producing
juvenilizing effects on the one hand and gonadotropic
effects on the other. That the two functions are
carried out by two separate hormones has also been
suggested, but the consensus of opinion today is that
it is not so. However, it is found that in Iphita the
gonadotropic effects of the corpora allata are not
very pronounced. In Periplaneta the corpora allata
of adults have a better defined gonadotropic function.
The corpora allata from adults have been found to
stimulate and accelerate the growth of the gonads
of the crab Paratclphusa. This effect is seen better
defined in female crabs. The nymphal corpus
allatum, however, does not possess this ability.

Hormones and Neoplasia

Pathology also figured among the discussions and
the relation of hormones to neoplasia formed an
interesting topic discussed by S. M. Sirsat (Indian
Cancer Research Centre, Bombay). Hormones
influence malignant tissue as well, particularly with re­
ference to deoxycorticosterone acetate. The author
discussed the changes brought about in the biological
behaviour of cancer by adrenal steroids.

S. M. Sirsat also discussed the localization of
adrenal steroids in connective tissue fibroblasts.

Both gluco- and mineralo-corticoids affect animal
connective tissue. Electron microscopic studies on
hormone treated rats and mice have brought out the
involvement of fibroblasts in the production of
this response. Autoradiographic technique has been
utilized for studying the exact intracellular deposition
of adrenal hormones.

Androgens and Blood Proteins

Exogenous steroids have great effect upon the
synthesis of blood proteins in the lower vertebrates.
C. P. A. Rao, G. F. X. David and L. S. Ramaswami
(University of Rajasthan, ]aipur) discussed the
anabolic changes brought about by injecting a
large number of weak androgens into Uromastix
(Lacertilia). 19-Nortestosterone and methyl testo­
sterone increase alpha globulin content but decrease
gamma globulin content. Widening of blood sinuses
in the adrenal is noticed with the majority of the
.hormones; sudanophila is also commonly noticed
in all.

Pituitary Inhibitors

S. R. Kankaraj and N. S. Gangadhara (University
of Mysore) using ICI 33,828, a well-known non­
steroidal pituitary inhibitor, on frogs for 8 days
reported their response to spawning. There is
reduction of spawning and the eggs lack jelly coat
and no change is seen in the ovarian ascorbic
acid content but there is an increase in cholesterol
content.

Metopiron has been largely used in assessing
pituitary ACTH reserve and excess secretion of
certain mineral corticoids. M. E. A. D'Souza and
M. A. Rao (University of Mysore) investigated the
compensatory hypertrophy of the ovary employing
hemispayed and bilaterally adrenalectomized rats.
Metopiron (total dose 9 mg.) injection into intact rats
causes a significant increase in the weight of both the
ovaries. But in hemispayed rats the ovarian growth
is just the same as in the saline treated controls.
But in adrenalectomized hemispayed rats there is
reduction in the ovarian weight, thereby indicating
that metopiron treatment is not so effective in
increasing the ovarian response to gonadotrophins
in the absence of adrenals. Histological observations
indicate that metopiron treatment of hemispayed rats
increases the sensitivity of the ovary to gonado­
trophins causing the formation of cystic Graafian
follicles, but in adrenal ablated rats it inhibits the
development of the ovarian follicles. Similar weight
changes have been noticed in the uterus.
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the reaction. In Figs. 1 and 2 are shown the results
of a typical experiment with calf thymus DNA,
with and without the addition of RNase. It is
apparent that RNase has a profound effect upon
the course of denaturation, causing the first part
of the denaturation process to occur at temperatures
markedly lower than in the control. At higher
temperatures there is a reversal of the effect, so
that the DNA appears to renature, and then
to undergo fi:lal denaturation at a temperature
higher than that of the control. The explanation
of this phenomenon is that RNase itself undc.rgoes
a thermal transition to an inactive form at about
58°C. The native form of RNase destabilizes the
helical DNA structure, causing premature de­
naturation. The' denatured' form of RNase, on
the other hand, behaves like mo~t other polycations
in stabilizing the DNA helical structure. Thus,
the transition of RNase is accompanied by a revcr,al
of the destabilizing effect. The destabilization
reaction is reversible: if the denaturation is carried
as far as the first' peak' in the curve, it is possible
to regain all hypochromism by cooling to room
temperature.

Fig. 2 - Optical rotatory change at 404 mfl as a function of
temperature for RNase, DNA and RNase+DNA [All
measurements made at pH 8·8 in O·OIM NaCI-0·005M tris­
O·ooIM phosphate buffer. DNA concentration = 0·8 mg./ml.;
RNase concentration = 2'3 mg./ml. The conditions appear
to be near the solubility limit 01 the complex. The values
of optical rotation at the lowest temperature have been set
at the same poin t on the scale, though there is a very small
deviation from additivity of components in the DNA-RNase

complex. all: (lor DNA) = +0·25° (Felsenleld el al. l )]
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Fig. I - Absorbance increase 01 a call thymus DNA-RNase
mixture at 260 mfl (plotted as fraction of maximum increase)
as a function of temperature in 0·002M NaCI-O·ooIM phos­
phate buffer (PH 7'1) [The small absorbance contribution
from RNase has been subtracted. 0-0, DNA coutrol;
starting absorbance = 0·624 = A.; fractional absorbance
increase = 0·43 (l;,A/A,); and e-e, 0'17 mg. RNase per

ml.; A o = 0·647; l;,A/A. = 0·43 (Felscnleld et al. l )]

OJ

T HERE is a class of models of biolog-ical
regulatory mechanism~ in which it is
assumed that there exist molecule~ capable

of interacting in a specific manner with DNA to
alter its ability to serve as template in the
production of messenger RNA. With these models
in mind, we have been examir.ing in our labora­
tories, during the past several years, the interactions
between DNA and a number of molecules of bio­
logical interest. In each case we have attempted
to learn something about the strength and speci­
ficity of the interaction, and about the nature of
the forces which stabilize the interaction. In some
cases preferred interaction wi th certain bases or
sequences of bases can be shown.

Ribonuclease
The first results which I shall discu~s are con­

cerned with the effects of the p~otein, bovine
pancreatic ribonuclease (RNase), upon DNA. This
work has been presented elsewhere in some detaill.
It should be made clear at once that the
effects described here do not arise from any hydro­
lytic activity of RNase samples toward DNA; very
thorough tests have shown that there is no deoxy­
ribonuclease (DNase) activity associated with our
preparations.

It is well known that DNA can be denatured by
heating, and that the process is accompanied by
an increase in ultraviolet optical absorbance and
of optical rotation which may be used to follow
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Fig. 4 - Results of two sucrose gradient centrifugation
experiments in which nati"e DNA and denatured DNA of
different molecular weights are mixed and sedimented in the
presence of RNase [Gradient: 4·6 ml. of 5-20 per cent sucrose
in O·OIM NaCI. The sample in each Case was 0·25 ml. of
a solution containing 0·67 mg./ml. each of whole and soni­
cated calf thymus DNA and 0·06 mg./ml. of RNase in
O·OIM NaCI-O'OOIM phosphate buffer (PH 7-1). Centri­
fugation time was 16 hr at 28000 r.p.m. A = RNase activity
in arbitrary units; CN = concentration of native DNA;
and CD = concentration of denatured DNA. 0, whole de­
natured DNA+sonicated native DNA; and e, whole native

DNA+sonicated denatured DNA (Felsenfeld et al.')]

such function, but it seems reasonable to propose
it as a prototype of molecules with destabilizing
activity.

Actinomycin

The next molecule which I shall discuss h quite
different both in its effects upon DNA and in the
nature of the forces which are associated with its
interaction. Actinomycin D may be thought of
as a 'regulatory' molecule in the sense that it is
capable of completely inhibiting the activity of
RNA polymerase. Actinomycin D has been the
subject of a large number of recent physico-chemical
studies, notably by Reich et al.2, by Haselkorr. 3

and by Gellert et al.'. The wo: k of Reich et al.2
established that actinomycin is strongly bound
only to helical regions of DNA: it is not bound
strongly to RNA, or to synthetic helical polydeoxy­
nucleotides containing no guanine-cytosine base
pairs. Earlier work (Kerstm5) had shown that
actinomycin interacts weakly with nucleosides and
nucleotides, with a marked plefl'rence for deoxy­
guanosine and deoxyguanylic acid.. On the basis
of the above evidence, Reich proposed that actino­
mycin D is bound to DNA through guanine
residues.

The experiments which I shall describe were the
result of a collaboration with Dr Martin Gellert,
and with Dr Carl Smith and Dr David Neville.
We have attempted to make more quantitative
measurements of the interaction between actino­
mycin and DNA. The principal technique used
was spectrophotometric titration; the results of a
typical titration are shown in Fig. 5. The method
is based upon the change which occurs in the ab­
sorption spectrum of actinomycin when it interacts

o
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If the interaction of native RNase with DNA
is reversible, then simple thermodynamic reasoning
tells us that native RNase must bind more strongly
to denatured DNA than to native DNA. The
results of experiments summarized in Figs. 3 and 4
demonstrate that this is indeed the case. A
sample of DNA is sonicated, and portions of both
the whole and sonicated material are denatured
by heat. Two experiments are performed: in one,
whole native and sonicated denatured DNA's are
mixed, while in the othe~, whole denatured and
sonicated native DNA's are mixed. RNase is
added to each mixture, and zone centrifugations
are performed through sucrose gradients. Frac­
tions are collected and analysed for native
and denatured DNA and RNase activity. Results
of one of the experiments are shown in Fig. 3.
When plotted as shown in Fig. 4, the data fall
on a straight line, a result consistent with a simple
eqnilibrium in which active RNase has an affinity
for denatured DNA about 4-10 times its affinity
for native DNA.

We may speculate that preference for denatured
DNA aris~s from the ability of RNase to interact
preferentially at its enzymic ~ ite with the opened­
out bases of denatured DNA. Unfolded RNase
presumably lacks this site, and behaves like a
normal polycation. It seems· possible that many
enzymes of nucleic acid metabolism that have sites
of this sort would tend to destabilize helical struc­
ture. Thus the' unzipping' step, which is presum­
ably essential to such functions as DNA replication,
might be a spontaneous one which accompanies
enzyme binding; input of energy would be required,
of course, to pry the enzyme loose. It is also
possible that there exist classes of proteins which
serve as destabilizing agents of DNA helical struc­
ture, and which are involved in the regulation of DNA
function. No such proteins have yet been found,
and I do not wish to suggest that 'RNase has any

Fig. 3 - Sucrose gradient sedimentation of a mixture of
whole denatured DNA and sonicated native DNA in the
presence of RNase [Details of this and the complementary

experiment are given in Fig. 4]
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1.5r-------------------,
TABLE 1 - NUMBER OF SITES AND EQUILIBRIUM
CONSTANTS FOR DNA-ACTINOMYCIN INTERACTION

[All experiments carried out in O'OIM NaCI-O·ooIM sodium
phosphate buffer (PH 7,0). Temperature was 22'C. unless

otherwise specified]LO

.
N.

o
o

DNA source AT
%

Nucleo- K
tides/site mole-1 litre

SPECTROPHOTOMETRIC TITRATION
0.5

50 100 150
,.L. ACTINOMYCIN

200

dAT
CI. welchii

. Phage T4 D
Calf thymus
Calf thymus (O'C.)
Esch. coli (Albany B)
M. lysodeiklicus
dGdC"

100
74
65
57

50
27
o

>100
30
14
15
17
14
11
22

3 X 10'
9xlO'
6xlO*
4xlO'
6xlO*
2xl0'
5 X10*

"Base composition about 65 per cent guanine (G) and
35 per cent cytosine (C).

Fig. 5 - Spectrophotometric titration of M. Iysodeikticus
DNA with actinomycin at 425 miL [DNA concentration,
1·91 X 10-oM. For each 10 iLl. of actinomycin added, the
actinomycin concentration was increased by 3'36 X10-'M.
Solvent, O'OIM NaCl-O·ooIM phosphate buffer (pH 7,0)

(Gellert el al.')]

Calf thymus (4'C.)

EQUILIBRIUM DIALYSIS

57 18 4xlO'

TABLE 2 - THERMODYNAMIC CONSTANTS OF ACTINOMYCIN
BINDING

Deoxyguanosine (25°C.) -9100 cal./mole -15-1 e.u./mole
DNA (calf thymus) -0 -+31 e.u./mole

(22'C.)

of water molecules, and that some of these
are liberated by interaction with DNA. The
associated entropy increase provides the driving
force for the interaction.

The binding of actinomycin to DNA provides
an example both of specificity with regard to site,
and of the involvement of ' hydrophobic' contribu­
tions to stability of binding.

Polyamlnes
The interactions of RNase and actinomycin with

DNA bring into play forces which are not electro­
static in nature. However, the most frequently
encountered stabilization forces in DNA interac­
tions with other ions and molecules are certainly
electrostatic forces. Divalent cations, basic pro­
teins, polyamines. streptomycin and many other
molecules owe a large part of their binding energy
to their positive charge. Recently, it has been sug­
gested that polyamines such as spermine are able to
interact preferentiall~ with adenine-thymine (A-T)
rich DNA (MandeIl8). In view of the potential
relevance of this finding to regulatory mechanisms,
we have investigated the interaction of spermine
with DNA more closely (Hirschman, Leng &
Felsenfeld, unpublished data).

The finding of Mandell8 is that under fixed salt
condition the ability of a fixed concentration of
spermine to elevate the denaturation temperature
of DNA is directly related to the base composition
of DNA: the higher the A-T content of DNA,
the larger the effect of spermine. It is implied by
Mandell8 that A-T rich DNA binds spermine more

with DNA. From data such as these it is possible
to deduce the number of binding sites and the
equilibrium constant for the reaction. In Table 1
are presented the results obtained with DNA
samples from a number of sources. One impor­
tant observation which we have made is that there
is more than one class of sites. At higher concen­
trations of DNA and actinomycin, additional
interaction is observed with a class of sites possess­
ing smaller binding constants. By working at
quite low reagent concentrations we are able to
eliminate contributions from this more weakly
binding class. Since actinomycin inhibits RNA
polymerase at extremely low concentrations, it
appears that the more strongly binding sites are
the biologically relevant ones. Our measurements
have, therefore, been concerned entirely with this
class of sites.

The data given in Table 1suggest that the number of
strongly binding sites varies with base composition.
The results are consistent with a site composed of
guanine-cytosine pairs, with the restriction that
no two actinomycin molecules can be located closer
than about five base pairs from one another,
a restriction which is reasonable in view of the
large size of the actinomycin molecule.

It is informative to examine the thermodynamic
parameters of binding of actinomycin to DNA and
to deoxyguanosine. These parameters have been
obtained by studying the temperature dependence
of binding. It is apparent from the results pre­
sented in Table 2 that all of the stabilization energy
of binding to DNA arises from a large increase in
entropy. Such large entropy changes immediately
suggest the involvement of solvent, and this is con­
firmed by a measurement of the heat of solution
of actinomycin in pure solvent. We find that at
24°e. the solution of a mole of actinomycin
is accompanied by an entropy decrease of -103
units. Thus, we may suppose that dissolving
actinomycin in water immobilizes a large number
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Fig. 7 - Precipitation of DNA by polylysine [Polylysine S,
degree of polymerization = 7. Polylysine F, degree of
polymerization -100. The X axis in each case represents

monomolar ratio (Leng & Felsenfeld. unpublished data)]
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in collaboration with Dr Marc Leng (Leng & Felsen­
feld, unpublished data). This work is concerned
with the interaction of DNA with the basic synthetic
polypeptides, polylysine and polyarginine. In
Fig. 7 are presented the results of tht> titration of
calf thymus DNA with increasing amounts of
polylysine, at fixed salt concentration. The results
are essentially independent of the DNA concen­
tration used, depending only upon the lysine­
nucleotide ratio. The salt concentration has bt'en
chosen so as to minimize gross electrostatic inter­
actions. Under these conditions polylysine forms
a precipitate with all the DNA with which it
interacts. The reaction is reversible for short
time periods after mixing and it is also' cooperative' ;
the precipitated complex contains. all of the bound
polylysine. Tht> relatively small amount of poly­
lysine left in solution is completely dissociated
from the DNA left in solution. Of greatest interest
is the base composition of the precipitate. If the
DNA precipitated at very low lysine-DNk ratios
is compared to that remaining in solution at high
lysine-DNA ratios, it is found that the former is
considerably richer in adenine-thymine pairs than
is the latter. This is demonstrated both by thermal
denaturation and cesium chloride density gradient
banding studies of the DNA fractions. The effect
of polylysine can be contrasted with that of poly­
arginine, which under similar solvent conditions
does not have the selectivity of polylysine with
regard to base composition. There is very little
difference between the base compositions of the
most and least precipitable fractions; occasionally
we have detected what appears to be a slight pre­
ference for precipitation of material richer in
guanine and cytosine. .

This behaviour leads us to conclude that there
are specific properties of polylysine which permit
it to interact selectively with A-T rich regions of
DNA. Findings similar to these have been
reported some years ago by Chargaff and his
collaborators7, but this is the first evidence to suggest
the existence of a reversible reaction. The specific
mechanism of selection is as yet undetermined.
While it is attractive to suppose that this specificity

kl::----;3~'----;3~.2---,3;'-;3---I

+.103

..
Q.

Fig. 6 - The values of the four ionization constants of
spermine as a function of the reciprocal of absolute tempe­

rature (Hirschman, Leng & Felsenfeld, unpublished data)

strongly (or at a larger number of sites) than does
G-C rich DNA.

Results obtained in our laboratories suggest that
thermal denaturation experiments with molecules
such as spermine must be interpreted with caution..
This is because spermine is capable of losing some
of its positive charge by dissociation of protons,
and the extent of the dissociation is a function of
temperature. The effect is summarized in Fig. 6,
which shows the variation with temperature of
the ionization constants of spermine. It is appa­
rent that in the range of temperatures at which
DNA denatures, solutions maintained at pH 7 will
permit considerable dissociation of protons from
spermine, with increasing effect as the temperature
is raised. The ability of spermine to raise the
denaturation temperature depends upon its charge.
Since the charge decreases with temperature, and
the temperature of measurement increases with
the G-C content of the DNA being studied,
we would predict a decreasing stabilizing effect of
spermine with increasing temperature, of the kind
which is observed.

Though this argument does not constitute a proof
that the observed behaviour of spermine has been
misinterpreted, it at least suggests that deductions
about strength of binding to DNA derived solely
from thermal denaturation studies must be inter­
preted with caution. A further demonstration of
this fact is given by an experiment in which the
apparent elevation of T". by spermine is studied
as a function of pH. It is found that the magni­
tude of the base composition dependence of AT".
can be changed simply by changing the pH of the
solution, a result entirely consistent with the ana­
lysis presented above.

We conclude that there is no valid evidence at
present to support the proposition that spermine
interacts preferentially with A-T rich DNA.

Synthetic Polypeptides
As a final illustration of the problem of

DNA interaction with potentially site-specific
molecules, I wish to discuss some recent work done
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is of biological importance, only certain kinds of
mechanisms would be reasonably consistent with
biological activity.

Conclusion

The description which I have given of studies
of interaction between DNA ana other biologically
important molecules will, I hope, serve to illustrate
the vatiety of forces which can come into play in
these reactions. It is apparent that in some cases
at least the potential for specificity of interaction
with certain bases or sequences of bases exists.
Whether that specificity is in any of the present
cases related to biological regulatory mechanisms
remains to be determined.

Summary

A summary is given of a series of studies con­
cerning DNA interaction with molecules of biological
interest. The molecules are pancreatic ribonuclease,

actinomycin, spermine, and the basic polypeptides,
polylysine and polyarginine. Each mol£cule
presents a different kind of measurement problem,
and involves a different kind of binding force.
Each molecule is exami led with regard to its
possible role as a prototype of molecules which
might exert biological re!,:ulatory action. Some of
the molecules appear to possess properties suiting
them to such a role.
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Chemical Nature & Mode of Action of Ribonuclease T1*
FUJIO EGAMI

Department of Biophysics & Biochemistry, Faculty of Science, University of Tokyo, Tokyo, Japan

EIGHT years ago we isolated RNase Tl [EC
2.7.7.26, ribonucleate guaninenucleotido-2'­
transferase (cyclizing)) together with RNase T1

[EC 2.7.7.17, ribonucleate nucleotido-2'-transferase
(cyclizing)] from Taka diastase, a commercial product
of Aspergillus Qryzael • Since then we have been
studying RNase Tl from two points of view·, viz.
(1) its contribution in the elucidation of nucleotide
sequence of RNA and (2) as the most suitable enzyme
for the elucidation of the relationship between the
structure and function of enzymes. I would like
to discuss in this review the second point, namely
the chemical nature and mode of action of the
enzyme. However, I should like to discuss briefly
the first point also.

We found l that the base specificity of the enzyme
is quite different from that of the well-known pan­
creatic RNase [RNase I-A, EC 2.7.7.16, ribonucleate
pyrimidinenucleotido-2'-transferase (cyclizing)). Soon
after the discovery of the enzyme, it was
suggestedS,4 that it would become a useful tool for
the elucidation of nucleotide sequence in RNA just
as various proteases with different specificity have
contributed to the elucidation of amino acid sequence
of proteins. Indeed, since 1962, several workers
in USA (R. W. Holley, G. L. Cantoni, V. M. Ingram
and others). UK (F. Sanger and others). Germany
(H. G. Zachau and others), Switzerland (M. Stae­
helin and others) and Japan (S. Takemura and others)
have tried to use RNase Tl for the nucleotide se­
quence analysis of RNA, especially in highly pUlified

·Lecture delivered at the Fifty·third Session of the Indian
Science Congress, Chandigarh, 5 January 1966.
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specific s-RNAs. Finally, the brilliant research
of Holley at the Cornell University resulted in the
elucidation of the complete nucleotide sequence
of alanine specific yeast s-RNA using RNase Tl
as the main tool&.

RNase Tl is an acidic protein. In this respect it
is quite different from the familiar pancreatic RNase
(RNase I-A), which is a basic protein. However,
RNase Tl is as thermostable as the latter. The
most remarkable characteristic of RNase Tl is its
substrate specificity. Unlike RNase I-A, it splits
the internucleotide bonds between 3'-guanylic acid
groups and the S'-hydroxy groups of the adjacent
nucleotides in RNA.

Purification

By heat treatment, ammonium sulphate frac­
tionation, acid clay treatment and DEAE-cellulose
column chromatography8, RNase Tl can be obtained
as crystals which are homogeneous in regard to
electrophoresis and ultracentrifugation.

Physical and Chemical Properties

Physical and chemical characteristics of RNase
Tl are summarized in Table 1. RNase Tl has a
molecular weight of 11000 which is less than that of
RNase I-A. It is a simple protein with alanine as
N-terminal and threonine as C-terminal amino acids.

Amino Acid Composition

The amino acid composition of RNase Tl is given
in Table 2 and compared with RNase I-A. RNase Tl
is characterized by a lower content of basic amino
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TABLE 2-AMINO ACID COMPOSITION OF RNASE T.

15
10
15
12
4
3

12
8
9
4
3
2
6
3

10
4
4

°(17)

124

RNase I-A

15
6

15
9
4

12
7
4
8

°2
3
9
4
1
3
1
1

(12)

104

RNase T.

/

A.,C~U -----/--

G4-
RNO'.ie T

1
__

P"osP~te

trOI"lg(er

Total

Amino acid

Aspartic acid
Threonine
Serine
Glutamic acid
Proline
Glycine

. Alanine
Half-cystine
Valine
Methionine
Isoleucine
Leucine
Tyrosine
Phenylalanine
Lysine
Histidine
Arginine
Tryptophan
Amide ammonia

exclusively guanylic acid; and (3) guanosine-2',3'­
cyclic phosphate is obtained as an intermediate of
the reaction in good yield and it is further hydro­
lysed to 3'-guanylic acid.

As RNase T1 does not split the secondary phos­
phate ester bonds of adenosine 3'-phosphate, its
specificity is considered to depend on the substi­
tuents in the purine ring. This consideration led
us to study the effect of RNase T1 on deaminated
RNA. The experiments revealed that RNase T1
can digest deaminated RNA, hydrolysing the
secondary phosphate ester bonds of both inosine
3'-phosphate and xanthosine 3'-phosphate, the
latter far more slowly. In both cases, nucleoside
2',3'-cyclic phosphates were formed as intermediates.

These results suggest that the essential require­
ment in the structure of the base for susceptibility
to RNase T1 may be the oxo (or hydroxy) group
at the 6-position of the purine base. Other substi­
tuents in the purine base affect more or less the
susceptibility to RNase T1. The 2-oxo group in
xanthylic acid residues decreases the susceptibility.

Further studies on the base specificity have been
carried out by Whitfeld and Witzel with several
dinucleotides and related compounds as substrates,
and by Cantoni, Holley, Staehelin and their co­
workers with s-RNA as substrates. The results
are summaIized in Chart 2. The results further
support the absolute requirement of the oxo group

Chart I - Mechanism of action of RNase T1 indicating its
substrate specificity

TABLE 1 - PHYSICAL AND CHEMICAL PROPERTIES OF
RNASE T.

RNase T. RNase I-A

Molecular weight
Sedimentation 11000 12700
diffusion

Sedimentation 14000
equilibrium

Amino acid 11085· 13683
analysis

S!o.• 1·625 1·855 (5..)
D20... 12·0 x 10-' cm.' 13·6 x 10-' cm.'

sec.-1 sec.-' (D..)
fifo 1·21
Electrophoretic -2,82 x 10-' cm.'
mobility (11 = 0,1) V.-' sec.-' (PH 7'0)

-0'71, x 10-' cm.'
V.-' sec.-' (pH 4,0)

+0'25. x 10-' cm.'
V.-' sec.-' (pH 2-5)

Isoelectric point pH 2·9 pH 7·8
Absorption maximum 277'5 mil 277·5 mil
Absorption minimum 251-252 mil
OD max./OD min. 3'0.

OD~~: 10 m. 1·9. 0'71,
[1l1 D _24· _71·7·
Nitrogen content 16'5% 16'5%
Sugar content 0- < 0'5%
N-terminal amino Ala Lys

acid
C-terminal amino Thr Val

acid
pH optimum for 7-4 7'0-7'5

RNA digestion
Specific enzyme 14 X10' units/mg.
activity

·Based on the complete amino acid sequence.

acids (only one residue of arginine and lysine), and
a higher content of glycine (12 residues), the pre­
sence of one residue of tryptophan and the absence

. of methionine. These results indicate that RNase T1
is fairly different from pancreatic RNase in the
primary structure.

The remarkable high acidity of the enzyme can
be attributed to the lower content of cationic groups
(6 residues) and relatively high content of anionic
groups (15 residues). Despite the lower content
of lysine and arginine, the enzyme contains three
histidine residues per molecule. This is compar­
able to that of RNase I-A. This fact is noteworthy,
for histidine residues might be involved in the
catalytic function of RNase T1 as in the case
of RNase I-A. RNase T1 contains no free SH
group like RNase I-A. So RNase T1 may be
regarded to have two cystine residues.

Substrate Specificity
RNase T1 splits the internucleotide bonds between

3'-guanylic acid groups and the s'-hydroxyl groups
of the adjacent nucleotides with the intermediary
formation of guanosine 2',3'-cyclic phosphate.
Hence it may be regarded as a'guanylic acid-specific
endoribonuclease. This mechanism (Chart 1) was
deduced from the following experimental evidence:
(1) RNase T1 digests yeast RNA and produces only
3'-guanylic acid as the mononucleotide; (2) the
terminal residue of the oligonucleotides produced is
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Chart 2 - Base specificity of RNase 1', ((++) easily
attacked; (+) attacked; (±) difficultly attacked; and (-) not

attacked]

at the 6-position of the purine base. The loss of
proton at N-l of the purine base remarkably de­
creases the susceptibility.

We have recently found that RNA methylated
with dimethyl sulphate is quite

0- CH rcsistan t to RNase T1 at the

:xI +3 optimum pH (7'4) of the enzyme.
N::>' \ This may be explained by the
I I ')CH consideration that the methyla-

H2N~ N tion products, 7-methylguanine
I residues, in RNA are dissociated
R at the optimum pH as sh0wn

I in (I).

Inhibitors and Activators
The effects of inhibitors and activators on RNase

T1 are summarized in Table 3. It is inhibited by
heavy metals and divalent cations. It is strongly
inhibited by Zn2+. It is not inhibited by SH re­
agents, DFP (diisopropylphosphorofluoridate) and
EDTA (ethylenediaminetetraacetate), suggesting
that it is neither a SH-enzyme nor a serine-enzyme.
In this respect, it is similar to RNase I-A. No
divalent cations such as Ca2+ or Mg2+ are required
for the activity of RNase T1.

Action of Proteases
The effect of the various proteases on RNase T1

are summarized in Table 4. RNase T1 is resistant
to the action of trypsin, chymotrypsin, and leucine
aminopeptidase, but sensitive to pepsin. RN~sc

T1 is sensitive to carboxypeptidase A, suggestmg
that a sequence near the C-terminal participates
in some way in the enzymatic activity. However,
the terminal threonine is removed without loss of
activity. The effect of various proteases on RNase
T1 is somewhat ~imilar to that of proteases on
RNase I-A.

Primary Structure
The primary structure of RNase T1 has been

elucidated by Takahashi', The terminal groups
were analysed by Sanger's DNFB mcthod and
Edman's PTH method for the amino terminal and
by Akabori's hydrazinolysis method and the carboxy­
peptidase method for the carboxyl terminal.

Although native RNase T1 is resistant to trypsin
and chymotrypsin, it is casily digested after heat
denaturation or performic acid oxidation. As the

5 6 , 8 9
Thr- Cys· Gly -Sltr - ASPNH

Z
I

Cys -1hr

IOJ 104

S -XXY"

RNase 1',

Resistant, fully active (in 0-6M
urea)

Resistant, fully active (in the
ahsence of urea); slightly sen­
sitive, 12% inactivation (in 6M
urea, 20 hr)

Sensitive, 70% inactivation (22 hr)
Sensitive, 65% inactivation (44 hr)
Resistant, almost fully active

S 6 1 8 9 '0 I II
Thr - Cys-Gty -Sir -AsPNHf~s - 1yr

I
AspNHr Phl- Vol- Glu-Cys - Thr

99 100 101 102 103 104

TABLE 3 - INHIBITORS AND ACTIVATORS

Reagents Final Activity
cone. remaining

(-log M) (%)

NaCI 0 75
1 100-115

NaF I 93-100
NaN:i 2 95-100
Na,S 2 10
AgNO, 3 0
MgCl, 1 60
CaCl, 2' 70-75
HgCI, 3 10
MnSO, 2 45
ZnSO, 3 0
CnSO, 3 20-50
FeSO, 2 20
ICH,COOH 2 100
BrCH,COOH 4 100
DFP 6 100
Histidine 2 82

3 150
EDTA 2 125-150

, 21 3 4
Ala- Cys-Asp-Tyr

, 2 3 4
Ala-CYI- Asp- Tyr

I
Cys -T)'r

11 12

S-XX XYIlIc!

TABLE 4 - ENZYMATIC INACTIVATION OF RNASE T,

primary stcp in the elucidation of the primary struc­
ture of RNase T1, performate-oxidized RNase T1
was digested with trypsin and chymotrypsin and
the resulting peptides were separated and analysed.

By putting together the information on the amino
acid sequence of the peptides, the tentative structure
for RNase T1 was deduced. Peptic digestion of
the heat-denatured RNase T1 and papain digestion
and Nagarse (subtilisin) digestion of native enzyme
were carried out to further confirm the results and
determine the localization of the disulphide bonds.
Thus the complete amino acid sequence was deter­
mined. Moreover, from the Nagarse digestion
products, two peptides each containing one cystine
residue and a peptide containing two cystine resi­
dues were isolated and identified (Chart 3),

S-XXXYIII"

Chart 3 - Cystine containing peptides isolated from a 5 hr
subtilisin digest of RNase 1',

Enzyme

Pepsin
Carboxypeptidase A
Leucine aminopeptidase

Trypsin

Chymotrypsin

~
H'C'C N'c..

(~)~NtNJ !
R

N·2 OIMHH'I'LGtt)

1(++)A (-IG (H)

x t+l N-1METIo1'l'LGl±J GLYOXolL G (:t)
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pP
I

p c;: c;:pc

II

c....
C T C II

atta " .. 45 " 43 4% &1 &0 3t JI J1

cp
51

52
cp P P !' p f

•
c p ~ "

n

Chart 4 - Amino acid sequence of RNase T, [The points of hydrolysis by trypsin and chymotrypsin in the performic
acid-oxidized protein and by pepsin in the heat-denatured protein are marked by T, C and P respectively. The solid

lines represent extensive or rapid hydrolysis, and the dashed lines, incomplete or slower hydrolysis]

5 • 7 • , 10 II 12 IJ \, 15 17 I' I' 20

.,

10

·Ser-

P
I

TI'
C,.
~
A.p 27
•rNHz

GI. 20
•Mil 29

•M,. 30
I

l,. 11

rNHz S<~
- l,. --C,.-A'g-A.p-l,.-1\,-lt.-Asp-Ar,- 02

•I•• Set -. T,r -+ Ser - 1\r -+ Ml'\ -. 5..,
•
II..
I

Tlor
I

As,
I

VI Cys
•

r-=:::::====.II:===::;;;::=::::lll-l.!LJ!jt..-!!!....!l!....J.l!L.l!!L-!.ll.....!l!...J.l~""1 A:S
GI.
•

,,---"""7:V';";II7".------------------------J1~'

---:;;;u---':"IIIlr--!.!!!..--------~~~.,..._--------:90!!!..- ~I,
T,r. l,. _So, _So,

rNM,
AI,r" AI. - AI. -. I.,. - PlIt ~ GI, - ArS - GI. - His - Md - As, -. Ser

I
1\r
•

GI.
I

~ys
!liM.

Chart 5 - Amino acid seqnence of RNase I-A

From these results the complete primary structure
of RNa,e T. was determined as shown in Chart 4.

The most remarkable characteristic of the
structure of RN ase T. is the positions of the two
disulphide bonds. As they are located at the
vicinity of N- and C-terminals, the total structure
resembles a rope of which two ends are bound.

This primary structure of RNase T. may be
compared with that of RNase I-A (Chart 5) eluci­
dated by Stein and Moore, and Anfinsen et at. If

we assume the existence of a catalytic site and a
specific binding site at the active centre, one can
expect to deduce from the comparison some simi­
larity in the catalytic site and some difference in
the specific binding site. Although no definite
conclusion can be reached, a few speculations can
be made.

One of the disulphide bonds in RNase T. forms
a ring structure consisting of 9 amino acid residues
with alanine and tyrosine adjacent to the disulphide

445



J. SCI. INDUSTR. RES.• VOL. 25, OCTOBER 1966

o O~-.L---30o-Ll-..:r:==>2~......_J3

PHOTOOXlOlZED HISTONE NC TIII'P'IOPHAN RESClI.ES
(moles/mole or protein)

:t
Ill.

Fig. 2 - Relation·
ship between the
degree of disulphide
cleavage and the
changes in the en·
zyme activity of
RNase T, [Reduc­
tion was carried out
in the presence (0)
or absence (e) of

7'2Murea]

IOOr----:::r:=====+:==<>'l"
f

3~

~r
°OL_--=IO:L:===20:t:::==:!:JO

TI",t (HOuRS)

Fig. 3 - Regeneration of enzymatic activity and disappear­
ance of free SH groups on oxidation of reduced RNase T,
in air [The solution of reduced RNase T, (1'7 mg. per mI.)
in O'OSM tris Hel (PH g·O) was stored at room temperature.

0-0. enzymatic activity; and e-e. free SH groups]

00 I. 2 3
SH t;R(lUf'S(moIes I mole ~eln)

cate that neither of the two amino groups are
directly involved in the expression of the enzyme
activity. Recently, it was further confirmed by
the finding that RNase T1 trinitrophenylated at
both amino groups retained the full activity'. It
is rather remarkable that a protein molecule de­
prived of free amino group is enzymatically active.

Reductive Cleavaie
Reductive cleavage of the disulphide bonds by

thioglrcolate or mercaptoethanol inactivated RNase
T1 (Fig. 2).

Reoxidation
However. the enzyme activity was regenerated

by air oxidation (Fig. 3). These results demon­
strate the importance of disulphide bonds for the
maintenance of the enzymatically active structure.

Rotatory Dispersion
The rotatory dispersion was estimated with native

and reduced RNase T1 in 8M urea solution, and
native and reduced-reoxidized RNase T1 in the
absence of urea. The reduced-reoxidized RNase
T1 may be regarded as identical with the native
enzyme (Fig. 4, Table 5).

Carboxymethylatlon
RNase T1 was inactivated by carboxymethylation

with bromoacetate in weak acidic medium. InFig. 1 - Relationship between. the photo-oxidation of
histidine and tryptophan residues and the changes in the
enzyme activity of RNase T, [e-e. histidine; and

0- - -0. tryptophan]

~
>tso
>

§

bonds. There is a similar ring structure consisting
of 8 residues in RNase I-A.

It remains to be elucidated if such an apparent
similarity may have some significance in the acti­
vity of the enzymes. However, there seems to be
little similarity between RNase I-A and RNao;e T1•

This is to be expected as they are derived from quite
different sources, one from a mammalian gland and
the other from a mould, and have different sub-
strate specificities. .

As will be discussed later, one or two histidine
residues seem to be essential for the activity
of RNase T1 and resembling RNase I-A. The
disulphide bonds are essential for the maintenance
of the active structure of both the enzymes.

In order to elucidate the relationship between
the activity and the structure of the enzyme, several
chemical modifications of RNase T1 have been
attempted.

Photo-oxidation
RNao;e T1 was inactivated by methy-

lene blue-catalys~d photo-oxidation. Photo-oxi­
dative decomposition of one of the three histidine
residues in RNase T" resulted in almost 90 per cent
inactivation (Fig. II, suggesting the importance
of at least one of the histidine residues. Besides
histidine, tryptophan was also decomposed though
to a lesser extent. Thus an active role of trypto­
phan in the enzyme activity cannot be ruled out.

Deamlnatlon

As mentioned earlier, RNase T1 is a very acidic
protein. containing only two free amino groups,
the «-amino group of N-terminal alanine and
E-amino group of one lysine residue in the molecule.
The two amino groups in RNase T1 are deaminated

'with nitrous acid at 2°e. Deamination of the
«-amino group of the amino terminal alanine occurs
rapidly without any effect on the enzyme activity.
Deamination of the f-amino group of the sole lysine
residue occurs slowly together with modifications
of some of the tyrosine residues. Even after the
complete deamination of both amino groups,
appreciable activity remains. These results indi-
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Fig. 6 - Ultraviolet
absorbancyofRNase
T, (light solid line)
and 2'-GMP (light
dashed line) alone
and in combination
(heavy solid line)
[Heavy dashed line
shows the calculated
absorbancy of the
RNase· T,-2'-GMP
mixture as if interac­
tion had not occur­
red. Final concen­
trations of RNase
T, and 2'-GMPwere
respectively 0·028
mM and 0·033 mM
in 0'025M acetate

buffer (pH So()))

Fig. 7 - Difference
spectra upon mixing
2'-GMP (heavy solid
line). 3'-GMP (dashed
line). 5'-GMP (light
solid line) and 2'­
AMP (dotted line)
with RNase T, in
0'025M acetate
buffer (PH 5,0) [The
concentrations were
as follows: 2'-GMP.
0·025 mM; 3'-GMP•
0·026 mM; 5'-GMP,
0·025 mM; 2'-AMP.
0·029 mM; and
RNase T,.00()29 mM]

Fig. 5 - Effect of nucleotides on the reaction of RNase T,
with bromoacetate in 0'02M acetate buffer (PH 5'5). at
27'C. [Final concentration of RNase T, was 7'5 ILM and
that of bromoacetate was O·25M. 0-0. no addition;
6- - -6. in the presence of 2'-GMP (0,28 mM); 0-· -0, in
the presenoo of 3'-GMP (0'28 mM); 0 - D. in the presence
of 5'-GMP (0,28 mM); and x ...... x. in the presence of

2'-CMP (0'52 mM))
Property Native Reduced Reduced-

RNase T, RNascT, reoxidizerl
RNase T,

Enzyme activity (%) 100 <0·3 100
Free SH (moles/mole) 0 -3·3 0
-[ot],•• 51·0' 293" 54·3'
I.e (mil) 243 212' 244
UV absorption max. (mil) 278-279 276-277 278-279

'In 8M urea.
I.e. rotatory dispersion constant.

-200..
~ -300...
{l
--400...
~

-500

400 500 600
WAVEI.ENGTH (m~)

the presence of 2'-guanylic acid, which inhibits
competitively RNase T1, the enzyme was scarcely
inactivated by bromoacetate. By analogy to
RNase I-A, we have thc working hypothesis that
2'-guanylic acid binds the histidine residue in the
active centre and protects the enzyme from inacti­
vation by bromoacetate. In accordance with the
base specificity of RNase T1• 2'-cytidylic acid did
not protect the enzyme from inactivation by
bromoacetate. The finding' that 5'-guanylic acid
hardly protected RNase T1 from inactivation by
bromoacetate suggests the importance of the
position of the phosphate group in the nuc1eotides
in the binding of nuc1eotides to the enzyme (Fig. 5).

BiDdiD~ with 2'-GMP
The ultraviolet absorbance of equimolec;;ular

mixture of RNase T1 and 2'-guanylate was not a
simple sum of the absorbance of the constituents.
As shown in Fig. 6, the absorbancy decreases in
the vicinity of 250 mfL and increases in the vicinity
of 290 mIL. The more or less decreased absorbancy
in the vicinity of 250 mfL was observed in the equi­
mokcular mixture of RNase T1 and 3'-guanylate
or 5'-guanylate too, but the increased absorbancy
in the vicinity of 290 mfL was observed only with
2'- and 3'-guanylate. It should be pointed out
that such difference spectrum could not be observed
with guanosine, 2'-cytidylate or 2'-adenylate (Fig. 7).

TABLE 5 - COMPARISON OF SOME PROPERTIES OF NATIVE,
REDUCED AND REDUCED-REOXIDIZED RNASE T,

Fig. 4 - Optical rotatory dispersion curvell of RNase T,
[0-0. native RNaseT. (5,9 mg./ml.); e-e o RNalOeT. in 8M
urea (80() mg./ml.) in the presence or absence of ~-mercapto-

ethanol; and .- - -•• reoxidized RNase 1', (7'2 mg./ml.)J
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as a single ·component. However, when a mixture
of 2'-GMP and RNase T) in a molecular ratio 2: 1
was passed through a Sephadex column, one-half
of the 2'-GMP was eluted after the RNase T)-GMP
complex.

In order to elucidate the mode of binding
of RNase T1 with 2'-guanylate, the effect of pH
on the binding was investigated. The spectral
differences were maximal at pH 5·0-5,5 (Fig. 9).
The differences decreased steeply as pH was raised
and disappeared at pH 7·5. This finding suggested
that the phenomenon might be related to the dis­
sociation of the secondary phosphate group orland
that of imidazole group of histidine residues.

The probable participation of the undissociated
secondary phosphate group was further supported
by the finding that guanosine 2'-sulphate and 2'­
GMP benzyl ester, both compounds without un­
dissociated secondary hydroxy group, could not
bind RNase T1 as shown below:

Taking into consideration the specificity of
RNase T1 and the observation on the protective
effect of 2'-guanylate for carboxymethylation of
the enzyme, it may be concluded that 2'-guanylate
binds RNase T) at the active site, probably at
one or two of the histidine residues.

In Fig. 8 are shown the absorbancy difference
at 290 mf'o and the molecular ratio of 2'-GMP to
RNase T1. A break is observed at the point where
the ratio is about 1. The 1: 1 binding of RNase
T1 with 2'-GMP was further confirmed by Sephadex
gel filtration. An equimolecular mixture of
2'-GMP and RNase T1 passed through the Sephadex

r
~OIO'----'----'------'-------'
!:(

~
~
ZS

o

o
II

G-·O-P-OH

6-
2··GMP

at pH 0'0

Difference
spectrum +

o
II

G-O-P-O'

6.
2··GMP
at pH 7'6

o
II

G-O-S=O

6-
2'-GMS

o
II

G-O-P-O-bcn,yl

6.
2'·GMP ben,yl

ester

Chart 6 - Binding of RNase T. and 2'-GMP

From these observations and base specificity of
RNase T), we postulate the working hypothesis
that 2'-GMP and 3'-GMP bind RNase T1 at at least
three sites: A, Band C as shown in Chart 6. We
speculate that the binding at site Band C
might be as shown in Chart 7.

This hypothesis is consistent with the finding that
carboxymethylated RNase T1 reveals no increase
in absorbancy at 290 mf'o when mixed with 2'-GMP
(Fig. 10).

However, it should be pointed out here that at
the optimum pH (7'4) for RNA digestion by RNase
T1, no such difference spectrum could be observed
in a mixture of 2'-guanylate and RNase T1. This
suggests that there may be some difference between

123
MOLAR RATIO OF 2'-GMP TO Rl'J.ASE ,.

Fig. 8 - The change in absorbancy at 290 mJL upon addition
of increasing amounts of 2'-GII1P to 0·025 mM RNase T, at

pH 5·0 in 0'025M acetate buffer

+0·10

-0'10

3 4 5 6 789
PH

Fig. 9 - Effect of pH on the absorbancy difference at
290 mfl (heavy solid line) and 247 mJL (light solid line) in
0'025M acetate buffer (e, 0), 0'025M imidazole buffer
(., 0) and 0'025M tris buffer (.l, ~) [Final concen­
trations of RNase T, and 2'·GlI1P were 0·028 mM and

0·033 mM respectively)
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Chart 7 - Probable binding sites of phosphate group and
histidine residues
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Fig. 10 - Ultraviolet absorbancy of carboxymethylated
RNase T, (light solid line) and 2'-GMP (light dashed line)
alone and in combination (heavy solid line) [Heavy dashed
line shows the absorbancy calculated for the sum of the
components. Final concentrations of CM-RNase T, and
2'-GMP were respectively 0·022 mM and 0·024 mM in

0'025M acetate buffer (PH 5'0)]

the binding of RNA to RNase T1 and the binding
of 2'-guanylate to the enzyme.

Conclusion
Though the primary structure of RNase T1 has

been elucidated, we cannot yet deduce any definite
evidence which might explain the similarity in the
mode of action and the difference in the base
specificity between RNase T1 and RNase I-A. To
do this, studies on the secondary and· tertiary
structures of RNase T1 must be canied out. As
for the active centre, histidine may be regarded
as a common component of the active centre in
both RNase T1 and RNase I-A.

Summary
Studies on RNase T1 are summarized and the

structure and properties of RNase T1 and
pancreatic RNase (RNase I-A) are compared and
discussed. RNase T1 is a simple protein consisting
of a si'1gle polypeptide chain with following char­
acteristics: mol. wt, 11000; is::>electric point, 2·9;
no free SH group; and two disulphide bonds. The
complete amino acid sequence has been elucidated.
RNa,e T1 is inactivated by methylene blue-cata­
lysed photo-oxidation and by the action of bromo­
acetate. These findings suggest the participation
of histidine residues in the active centre. The
enzyme is inactivated by reductive cleavage of
disulphide bonds and reactivated by air oxidation.
Thh means that the disulphide bonds participate
in the maintenance of the enzymatically active
conformation. From spectroscopic study of the
interaction of 2'-guanylate, a competitive inhibitor,
and RNase T1, a possible mode of binding of 2'­
guanylate to the active centre of the enzyme
is suggested.
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Enrichment Culture Technique
]. V. BHAT

Fermentation Technology L3bcratory, Indian Institute of Science. Bangalore 12

EVEN though enrichment culture technique is
almost as old as the subject of microbiology
itself, it is not infrequently that a microbio­

logist is faced with the questions .. What is this
enrichment culture technique, anyway? Has it
served to any extent the cause of microbiology? ..
put to him by even those who employ microorgan­
isms as tools in their scientific pursuit inasmuch as
they often employ only the direct method for the
isolation of organisms. Rather than refer to the
multitude of reports wherein are discussed enrich­
ment cultures, this review will concern itself to
(1) tracing the origin and development of the
technique, (2) indicating the possible uses to which
it may be advantageously put to, and (3) bringing
out the promises it holds to those who resort to it
for a better understanding of the nature of organ­
isms and their activities. An extensive account of
its applicability may be found elsewhere1- a•

Ori~in of the Technique

The origin of the technique may be traced to
the early research work of Pasteurt on fermentation
though the conscious use of the principle involved
therein was made much later by Schloesing and
Muntz5 in their classic experiments on nitrification.
It may be recalled here that their study was very
simple in that it involved a column of soil over
which was poured sewage daily. What was interest­
ing was the fact that the ammonia contained in
the sewage was completely transformed into nitrate
at the end of the experiment. Intriguingly, the
oxidation of ammonia to nitrate was inhibited by
antiseptics like chloroform, but the activity was
restored after thorough washing of the column with
water and addition therein of washings from the
garden soil. This observation led them to regard
nitrification as a process brought about by biological
agency and herein may be found the first experimen­
tal design of enrichment culture technique in that
the ammonia of the sewage was comparable to the
enriching substrate in the medium and sewage itself
or the garden soil washings serving as the inoculum.

The technique had its modest beginning in the
laboratory in the success achieved by Winogradsky&
in the isolation of nitrifying bacteria, an event which
not only helped to solve the riddle of nitrification
but was the cornerstone on which he advanced his
brilliant hypothesis of chemosynthetic mode of life.
The exploitation of the technique on a wide scale
was achieved early this century by Beijerinck1 and
it was he who made it applicable as a direct ap­
proach to microbial ecology by forging it into what
it is today, a mighty tool in microbiological and
biochemical investigations. "

Principle Involved

Briefly stated, "enrichment culture technique
implies an application, on the microsca1e, of the
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well-known principles of natural selection - the
survival and/or persistence of the fittest - as
postulated by Darwin over a century ago. That
the mechanism operates in the microbial world
has since been fully documented with this difference
that whereas in nature selection occurs under natu­
ral environments, in the laboratory. the living
organisms are allowed to undergo the struggle for
existence under predetermined conditions. In other
words, the technique envisages free competition
among different organisms in what is ordinarily
referred to as elective, selective or enrichment medium,
so named because the investigator deliberately
encourages therein the growth of one (or group) of
the organism at the expense of the rest obtaining
in any inoculum. For bringing this about, the
investigator chooses the physical and chemical
conditions under which the desired organism, if
present in the inoculum, is allowed to proliferate
in the chosen liquid medium. ': In an experimental
sense the ecological approach to microbiology consists
of two complementary phases which give rise to an
endless number of experiments. On the one hand, it
leads to investigating the conditions for the develop­
ment of organisms that have for some reason or other,
perhaps fortuitously, come to our attention; on the
other hand, to the discovery of living organisms
that appear under predetermined conditions, either
because they alone can develop, or because they
are the more fit and win out over their competitors.
Especially, this latter method, in reality nothing
but the broadest application of the elective culture
method, is fruitful and truly scientific, and it is
no exaggeration to claim that the rapid and sur­
prising advances in general microbiology are due
to this methodology" (ref. 7). Indeed, we have to­
day a vast body of literature about microorganisms,
their ecology and their chemical activities because,
more recently than ever before, investigators have
resorted to this technique for the isolation of any
organism expected to perform a definite function in
nature.

Environmental Factors to be Considered
while Desi~nin~ Enrichments

For the enrichment cultures to be successful,
certain environmental factors, which markedly
influence the development of the organism to be
enriched, have to be provided during the incubation
period. Obviously, different organisms would
demand different cultural conditions which would
offer them selective advantages for their growth.
In general, these factors may be termed as physical
and chemical, though undoubtedly certain biologi­
cal factors may also determine the outcome. The
important factors which allow easy manipulation
are: (1) aerobiosis (anaerobiosis), (2) temperature,
(3) illumination (or otherwise), (4) pH, (5) chemical
composition" of the medium, and (6) osmotic
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presmre and/or surface tension of the medium, and
all these in combination of two or more can lead
to designing virtually' an endless number of experi­
ments '. Besides these, environmental changes
resulting from the growth of organisms themselves
may create conditions selective for the proliferation
of one group over the rest, e.g. lactic acid bacteria
growing in rich complex media both under natural
and laboratory conditions would produce enough
lactic acid to prevent development of other bacteria8.

Practical Applications

In practice, an inorganic salt solution containing a
particular substrate, if non-nitrogenous supplement­
ed with a source of nitrogen and if nitrogenous
with a source for energy and/or carbon is in­
oculated with a mixed culture of microorganisms
derived from any habitat wherein the desired
organisms are likely to exist. Since most substances
and microorganisms eventually reach either the
soil, rivers, lakes or oceans, the common materials
which serve as good inocula are soils and muds,
though foods, body fluids and other materials may
be used with equal success. Sewage, in itself, an
enrichment medium for several species of bacteria
for reason of its origin and character serves as an
excellent inoculum for the isolation of many interest­
ing bacterial species9,Jo. As a matter of fact, the
biological methods of sewage disposal represent
practical application of the theory of natural selec­
tion or the principle of enrichment culture technique.

In the laboratory, for example, if one desires to
discover bacteria that can attack oxalate - a
carbon source which is toxic to this group of micro­
organisms by virtue of its chelating action on cal­
cium - all that one has to do is to prepare a mineral
solution containing essential inorganic elements,
incorporate into it a suitable source of nitrogen,
e.g. ammonium sulphate or chloride, and restrict
the carbon source to oxalate only. Such a medium,
obviously, will favour only the development of
organisms capable of attacking oxalate inasmuch
as the medium is devoid of any other source of
carbon and energy. Naturally, therefore, the
medium, if adjusted to around pH 7·0 and in­
oculated with soil, would permit the development of
oxalate-decomposing bacteria preventing, at the
same time, the growth of the rest of microorganisms
which a mixed culture like soil may carry. Need­
less to mention that the medium after inoculation
should be incubated under desired set of physico­
chemical conditions as temperature, aeration and
light. For the growth of bacteria in general incuba­
tion in the absence of light is preferable, as in its
presence photosynthetic cells as those of algae might
develop. In the present case, incubation at the
room temperature (about 25°C.) on reciprocal
shaker is adequate and conducive to the develop­
ment of aerobic bacteria attacking oxalate. When
growth and total or partial decomposition of oxalate
in the primary culture have been ascertained,
further cultures are carried out twice serially in
the same medium and each time the ability of the
growing culture to decompose the substrate (in this
case· of oxalate by permanganate titrations) is
established. Finally, from the liquid culture the

isolation of the oxalate-decomposing strains can be
achieved with ease by resorting to the technique
specially designed for that purposell . Oxalate­
decomposing microorganisms so far discovered were,
in fact, isolated in this manner from enrichment
cultures grown under aerobic conditions and incu­
bated at room temperature, using soil, plant tissues,
and other materials like earthworm intestinal con­
tents as inoculau-22. However, attempts to isolate
bacteria decomposing oxalate at 37°C. or under
anaerobic conditions .were unsuccessfu]14,15,21 until
recently when an anaerobic Clostridium was isolated
in this laboratory23. None the less, the information
so far gathered on the enzymes, carbon assimila­
tion and other biochemical aspects of the aerobic
species has not only been of unusual interest but
has contributed substantially to our present know­
ledge of bacterial physiology in particular and
biochemistry in general l1 ,24-3o.

·Promises and Potentialities

Opce the outcome of an enrichment culture is
known, it can be employed to isolate the same or
similar organisms at will from any inoculum wherein
the species may be expected to occur; for instance,
nitrifying bacteria are both difficult to obtain and/or
to maintain in pure culture and in consequence
their periodic isolation has been attempted by
different investigators, including Winogradsky him­
self, for various reasons and in every case the
enrichment culture technique alone had to be re­
sorted t031-38. Even the soil perfusion technique
developed and perfected recently by Quastel and
Scholenfield37 is, in a sense, an interesting example
of application of the principle of enrichment culture
methodology.

Isolation of Microbial Population in Soils

In no other instance has this principle been more
perfectly exploited with richer harvests than in the
isolation of or determining the population in soils,
etc., of nitrogen-fixing bacteria. The circumstance
that these bacteria only are endowed with the
ability to utilize elemental nitrogen has rendered
this method at once typical and successful in that
the medium, for their enrichment is free of com­
bined nitrogen and need only contain, besides an
otherwise common mineral base, one organic source
of carbon like mannitol, glucose, saccharose, dext­
rine or glycerine. The absence in the medium of a
combined source of nitrogen renders it unsuitable
for the proliferation of cells which cannot do with­
out it. Naturally, the organism that gets enriched
in the medium will depend on the aerobic or an­
aerobic state under which the enrichments are set,
not to emphasize the presence or absence of light.
In the absence of light and under anaerobic con­
ditions, the Clostridia capable of fixing nitrogen
usually proliferate. In the presence of light and
under aerobic conditions, on the other hand, the
nitrogen-fixing blue-green algae would develop
whereas in the absence of any source of illumina­
tion the Azotobacter species are the most likely
ones to be enriched. Indeed, by the exploitation of
this principle, Winogradsky and Beijerinck at the
end of last century and several others during this
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century have not only helped to unearth newer
species capable of fixing nitrogen but advanced the
knowledge of biological nitrogen fixation.

Isolation of Microor~anisms of Low Viability
Not infrequently microbiologists encounter in

nature organisms which do not live under laboratory
conditions beyond a few hours, or for a day or two,
although their presence can be established by'
enrichment culture technique. As microbiologists
improve their techniques and know more about
the nutritional requirements of microbial life, their
urge to study such cultures is more often in evi­
dence. The recent reports on Sarcina ventriculi
is a case in point inasmuch as the presence of this
organism was demonstrated by Beijerinck38 as
early as 1905, but its study was rendered difficult
by its very low viability (2 days) and by the absence
of satisfactory stock culturing methods. The recent
reports on this organism~-n, whose isolation could
not have been achieved by methods other than the
enrichment culture, have not only explained the
cause of its poor viability but have defined methods
for maintenance of cultures for as long a period as
two months. Why, the ready availability of cul­
tures of all kinds of organisms with the individual
investigators or from the national collections can
be explained by the ease with which the cultures
can be enriched for isolation purposes.

Detection and Enumeration of Patho~enic

Bacteria

During recent years an increased tempo for
evolving enrichment media for easy detection,
enumeration, or recovery of pathogenic bacteria
has much been in evidence as these would aid a
great deal the epidemiologists and food scientists
in the control of the harmful species. The simple
elective media proposed for the detection and
isolation of Staphylococcus and Salmonella species
typify some of the attempts. Such media, it may
be pointed out, offer certain advantages as their
high degree of selectivity allows larger samples to
be examined rather rapidly without the danger of
overgrowth by the associated flora. In other words,
a more rapid presumptive and definitive identifica­
tion of organisms becomes possible. For example,
incorporation of 7·5 per cent NaCI to solid cultural
mediau render them selective for the isolation,
pigmentation and preservation of pathogenic staphy­
lococci. Even more selective media containing
tellurite and lithium chloride" or polymyxin BU
have also been proposed for the purpose.

In view of the significance attached to the pre­
sence of Salmonella in eggs, poultry and meat,
continued efforts have been and are being made. to
evolve enrichment media for the Salmonella species.
Eggs giving previously negative reactions have been
shown to yield positive results when the selenite
F broth is enriched with 10 fIog./ml. of cysteine46.
Stokes and Osbomet6,47 have devised a method
which permits isolation of the species even if the
contaminated egg material contained only 1 cell
in as large a quantity as 100 g.! Techniques which
allow speciation in the genus. have also been
achievedtll• Likewise, concerted attempts are being
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made to evolve enrichment mediau ,lIO for the isola­
tion even of such hardy and easily culturable
bacterium as Bacillus anthracis, the first of the
pathogens to be detected in blood and isolated in
a routine laboratory medium a century ago I In
fact, if one were to think of it in proper perspective,
isolation of certain pathogenic bacteria by animal
inoculation is in effect an application of enrichment
culture technique, the animals serving 'in those
instances as the medium of natural selection.

Contributions to Biochemistry and Pbysiolo~

It is easy to see that a good deal of information
on the biochemistry and physiology of bacteria is
derived from a study of cultures made from enrich­
ments. All the knowledge we have on some genera,
e.g. Acet,bacter, Azotobacter, Cytophaga, Desulfovibrio,
Methanobacterium, Nitrobacter, Propionibacterium,
Rhodospirillum and Thiopedia, has indeed been
gained through the application of this technique
without which their isolation would have been
impossible. Though it may be argued that this'
has been a matter of necessity, it cannot be denied
that the information obtained from such studies,
with suitable precautions, could be applied to other
organisms not necessarily obtained from enrich­
ments. The formulation of metabolic pathway is a
case in point. The conversion of benzoate to
catechol was postulated to proceed without touch­
ing salicylate as the intermediary&l, because the
pseudomonads (grown on the routine media capable
of attacking benzoate) failed to utilize salicylate.
The pseudomonads from hippurate and benzoate
enrichments, on the other hand, not only utilized
both these substrates but also salicylate with equal
facility5Z to give rise to catechol. The conversion
of salicylate to catechol has been demonstrated in
the cultures of AzotobacterM (enrichments) as well
as in Mycobacterium64 (routine media) suggesting
thus the utility, nay advantage, of the method.
The theory of simultaneous adaptation66, which has
contributed in so small measure to our understanding
of microbial metabolism, has indeed been the result
of studies based on cultures grown under conditions
not dissimilar to those obtaining under enrichments.

For ascertaining the fate of any substrate, e.g.
creatine, a herbicide or a pesticide, in soils or other
habitats, or even to assay the relative activity in
certain habitats of the microflora to decompose any
substrate, e.g. cellulose, the principle of enrichment
culture is usually resorted to. A few organisms
have been shown to use creatine as a substrate for
growth, but all these seem to do so rather adap­
tively66-6S; none of them seems to possess the degree
of specificity as does Pseud,monas ovalis isolated
from enrichments68 set with creatine and soils.
In other words, the fate of creatine in soils is to
undergo degradation, presumably via the pathway
suggested by Appleyard and Woods60, to urea,
COz and NH'I' and it would be possible for anyone,
almost anywhere in the world, to isolate the organ­
ism and study it further as its isolation is very much
an easy matter. In a like manner, microbiologists
can explain the disappearance in soils of residual
insecticides or herbicides used for spraying by
proving the existence in soils enriched with the
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spray material, of organisms6t- U capable of de­
composing such materials even as they often seek
to assay the relative efficiency of soils to decompose
cellulose by studying, at regular intervals, the
degree of attack on filter paper and/or cellophane
by the microflora of those soils. As a matter of
fact, but for this technique it would not have been
possible for microbiologists to follow the destructive
abilities of microorganisms to break down s~ch
substances in nature as keratin, fats, chitin, lipoid,
sterols and hvdrocarbons or to explain the total
disappearance'in soils of remains of carcases, corpses,
plant tissues, and other organic materials. The
scavenging activities of microorganisms, it would
appear, take care of everything; one cannot do
better than quote Gale6• who said: "it is probably
not unscientific to suggest that somewhere or other
some organism exists which can, under suitable
conditions, oxidize any substance which is theoreti­
cally capable of being oxidized ". Recent reports
from this laboratory have indeed shown some of
the possibilities66•7••

Other Applications
Ingenious application of the enrichment technique

has successfully enabled investigators to discover
(1) bacteria in soiJ76 capable of removing the capsule
of Pneumococcus, a process whereby it becomes
more amenable to host-resistant mechanisms of
the body, and (2) an antibiotic, tyrothricin, from
Bacillus brevis77 ,78, which can kill a few pathogens
both in vivo and in vitro. The isolation of Strepto­
myces antibioticus from soils by repeatedly feeding
it with living Esch. coli cells is yet another example
wherein the principle has been exploited in a novel
manner79• The principle of enrichment is very
much in evidence even in the study designed to
understand the mechanisms involved in the syn­
thesis of adaptive enzyme in that the substrate
itself80 or the products81 of enzyme action them­
selves act as inducers for the enzyme.

From what has been stated above it does not
follow that enrichment cultures would always yield
successful results or that all substrates can be used
for the enrichments. Setting enrichments with
certain compounds, e.g. pectin, have not yielded
desired results82 because the' purest' pectin samples
contain fairly significant amounts of arabans and
galactans and would, on autoc1aving, get degraded
to units of lower molecular weight with the con­
sequence that enrichment cultures resulting there­
from would comprise not only of pectin utilizers but
also those capable of attacking some of the products
of pectin. Enrichments made with filtered pectin
media in one instance, however, have led success­
fully hI the isolation and characterization of Coryne­
bacterillm barkeri sp. nov. from sewage83•

Perhaps no other microbiological technique has
contributed as much to the advancement of micro­
biology as enrichment culture methodology, for it
allows the isolation of any organism at will from
any source known to contain it, no matter how
sparse the population therein might be. Further­
more, organisms isolated by this technique from one
source would furnish information applicable to other
organisms isolated elsewhere. Thus enrichment

culture technique has not only been extremely useful
but it is more than likely that it will. prove itself
even more valuable for enhancing our knowledge
of microorganisms and their activities as there
exist in nature many species whose ecology and
functions remain as yet unknown.

Summary

The origin of the enrichment culture technique,
the principle involved therein, and the environ­
mental factors to be kept in mind while designing
enrichment cultures are outlined. Some of its
practical applications, e.g. in the isolation of physio­
logically interesting species of oxalate-decomposing
and nitrogen-fixing bacteria, are discussed in detail.
The potentialities of the technique for the detection,
enumeration, isolation and re-isolation of specific
bacteria and the promise it holds for providing
information on their ecology, metabolic pattern and
function are indicated. Few examples involving
ingenious applications of the' technique employed
for the isolation of some organisms are cited. The
technique has been pointed out to be the only
successful one available for the isolation and/or
maintenance of some of the important bacterial
genera, even as it has been shown to be the only
one applicable for the study of organisms de­
composing certain metabolites or poisonous sub­
stances in soils or other natural habitats.
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Purification of Organic Semiconductors
S. C. DATT·, J. K. D. VERMA &: B. D. NAG

Saba Institute of Nuclear Physics. Calcutta 9

.I N recent years, organic semiconductors have
.been subjected to physical studies of ever­
increasing order and sensitivity. In most of the

cases the purity of the specimen always comes into
question. Many phenomena, for example, electri­
cal and thermal conductivity, magnetic resonance
measurements, etc., can be interpreted meaning­
fully only if the purity of the test sample is known
or is at least known to be high. Also, in order to
obtain the necessary properties of organic semi­
conductors, purification techniques as extensive
as those applied to inorganic semiconductors must
be applied. It was the hope of early workers that
useful semiconducting properties might be discovered
among organic semiconductors without such careful
processing. But no method is available for the
detection of some impurities, even at very high
impurity levels. This leaves us with two alter­
natives: either to develop better methods of puri­
fication and analysis, or to ignore the effect of
impurities and find some other way to achieve
the desired electrical and allied properties. Physi­
cists and physical chemists would agree to the first
alternative, because the literature of chemical physics
contains many observations of phenomena that
can be explained by elegant theories invoking new
concepts - or simply by the presence of an impur ity I
Purity and Ultrapurity

The classic definition of purity is that a sample
of chemical compound ·is pure when it contains
molecules of only one kind. Another more useful
definition which is a practical one is that a sample
is pure when the physical properties of the com­
pound prepared in different ways are the same, or
when a given physical property is not changed by
repetition of a purification process.

Ultrapurity, as distinguished from purity, may
be considered as an extension of anyone or combi­
nation of these points of view into the micror~gion

of impurities.
It is very difficult to agree with any of these

definitions because none of them is rigorous. In
the first instance, the question of what constitutes
• one kind of molecule' is left open. In the ordinary
chemical sense, molecules of differing isotopic
composition are the same (except the isotopes of
hydrogen, as their chemical properties are different
because of large percentage difference in masses),
but for many purposes, even for some chemical
studies, isotopic variants constitute impurities. For
example, a mixture of keto-enol tautomers may be
considered as a ' pure compound', if in some reaction
all of the material reacts in one form or the other.
But from a physical viewpoint, such a system clearly
contains more than one molecular species and is
certainly not • pure'. The same considerations

·On leave of absence from Education Department, Govern-
ment 01 Madhya Pradesh, Bhopal. .

apply to optically active iscmers. It is even con­
ceivable that the apportionment of an organic mole­
cule among its nuclear spin states might be altered
by a suitable catalyst!. If this were possible, a
nuclear spin isomer would have to be considered
an impurity. Polymers, the most promising organic
semiconductors of the future, present uI.ique
problems: molecules of differing molecular weight,
branching, or steric configuration may be considered
as impurities or not depends on viewpoint51,a held.
The second definition says nothing about how small
a change is perceptible to the analysing system
chosen. As the sensitivity and subtlety of analytical
techniques increase, the level of impurity tolerable
in a 'pure' specimen decreases. Thus, there
cannot be universal and unambiguous definition of
purity. Purity of a specimen can be specified only
in terms of the most sensitive applicable analytical
technique and in terms of the use to which it will
be put. These points have been discussed in some
excellent reviewsc-7•

Determination of Purity
There are two types of analytical methods for

determining purity- physical and chemical. Frieden­
bergS has suggested a division of the methods
into the • absolute' and 'relative' methods. A
'relative analytical method' depends on the com­
parison of the data of the sample regarding any
special characteristic with that of a known primary
standard. Since the ultrapurity of the primary
standard itself is not known de1IDitely, such methods
are not of great use in the microregion. An' abso-

. lute analytical method' is based upon some physical
property being measured of an • internal' standard.
These methods also have their limitations depending
upon the refinement of the experimental technique
in the measurement of the chosen physical property.
The main relative methods are spectrophotometry,
scintillation analysis, fluorimetry and chemical
analysis, while· the absolute methods are thermal
analysis, chromatography, phase stability deter­
minations, mass spectrometry, radioactive tracer
studies and electrical conductivity measurements.

It is evident that purity of the sample depends
upon the sensitivity of the method used for detection.
For ultrapurity determinations, melting points are
not considered as valid tests for testing purity8,lO.

Similarly, other such elemental analysis may be
completely deceiving since isomers and closely related
materials may yield similar values.

Thermal analysis and differential thermal analysis
are known as rigorous methods and have yielded
the most reliable datall,12. Chromatography gives
only total organic impurities. Phase solubility
methodsS have been recently used for zone refined
material. The radioactive tracer technique has
a disadvantage that for rigorous results the major
component should be labelled18-17•
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One of the most common method is the elec­
trical conductivity "measurements1S-ZO • Beynonll

has used the mass spectrometry method to a
great advantage in identifying the total impurity
concentrations as well as in identifying individual
impurities.

Unfortunately, many fundamental chemical
techniques, such as elementary analysis, functional
group analysis, etc., are. not precise enough to be
useful in establishing the purity. of a compound
beyond 0·1 mole per cent contamination. Accord­
ing to ShUll, the calorimetric method is one of
a very few techniques that offer 'non-comparative
criteria' of overall purity, without regard to the
number and identity of impurities. To measure
total impurity levels below 0;1 mole per cent, it is
usually necessary to determine each impurity or
class· of impurities, and to arrive at the purity of
the principal compound by difference.

Another difficulty is the use of several systems
of units to measure impurities in the microregion,
with the result it is difficult to assess the validity
of such ultrapurity studies. For example, thermal
analysis and other cryoscopic methods yield quan­
tities in terms of mole per cent of total impurities.
If the identity of impurities is unknown and the
mole fraction depends upon the molecular weights
of the impurities and the major component, the
conversion to weight per cent or parts per million
of impurities is not possible. Thus, it can be readily
seen that if impurities have proportionately large
molecular weights, small mole per cents might re­
present large weight per cent of impurities. Since
mole per cent is the standard measure for impurities
the utility of the other methods of representing im­
purity content is questionable.

The question of what constitutes the" limits of
ultrapurity has been rarely studied. The samples
of organic semiconductors purer than 99·9 mole
per cent are uncommon.. For convenience a special
nomenclature has been developed dealing with such
quantities. For example, 3N purity indicates not
less than 99·9 per cent pure while 4N indicates 99·99
per cent, and so on.

The manipulation of materials during arid after
purification is a problem of some magnitude. Mois­
ture, airborne particles, and even atmospheric oxygen
can vitiate the results of long painstaking work.
Some operations can be carried out in evacuated.
systems or in gloved boxes, but it is desirable to
maintain • clean room' facilities for convenient
handling of pure materialsss-s5•

Various Methods for LaboI11tory Purification
A number of methods are available for the puri·

fication of organic semiconductors. Some of the
important methods are: (i) recrystallization, (ii) dis­
tillation, (iii) sublimation, (iv) chromatography,
(v) combination of different methods, and (vi) zone
refining and allied techniques.

Obviously, it is not possible to treat all these
methods in detail here.' Out of the chemical
methods, more attention has been paid to chromato­
graphy. Zone refining and allied techniques have
been discussed in some detail as these are being
used more and more in the purification of organic
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semiconductors. These techniques are the best
amongst the methods available.

Roory8tall~ation

RecrystallizationSS,1? from a solution is one of
the most popular methods of purifying organic semi­
conductors. It involves dissolving a substance or
mixture in a hot solvent and allowing the material
to crystallize as the solvent cools. Unlike distil­
lation, this is an absolute method of purification
and the purified material would contain no impurities
if they were not occluded by the crystals as they
were formed, if all the mother liquid could be washed
from the precipitate, and if the solubility of the
impurity wa~ not exceeded as the mixture was cooled.
As an example, consider the recrystallization of
a mixture of 10 g. of compound A and 1 g. of com­
pound B from a solvent. in which each compound
had a solubility of 1·5 g. per 100 ml. at room tempe­
rature and 10 g. per 100 ml. at the boiling point.
100 ml. of solvent would be required to dissolve
the mixture, and upon cooling, the solution would
precipitate 8·5 g. of A and nothing of B, because
the solubility of B was not exceeded. Only if there
were more than 1·5 g. of B in 10 g. of A there would
be crystallization of B and even then two recrystal­
Iizations would remove all of B if there were less
than 2·5 g. of B per 109. of A.

If a separation of A and B was tried by using
distillation and if their vapour pressures were the
same (the solubilities were the same as stated before),
no separation could be effected. Even if the vapour
pressures were considerably different, a column with
an exceedingly large number of theoretical plates
would be required to effect aseparation approaching
that of recrystallization. These considerations
lead. one to expect that relatively pure materials
are best purified by recrystallization and that
relatively impure materials are usually best purified
by distillation, since recrystallization is often tedious
and wasteful for grossly impure materials. With
distillation, the degree of separation which may be
effected is .usually greatest with relatively impure
materials, for the mole fractions of the components
are then more nearly equal.

The most important factor in obtaining a good
separation by recrystallization is the proper choice
of a solvent in which the desired compound will
have a large temperature coefficient of solubility
(in order to have a minimum loss of material) and
in which the impurity will be quite soluble (in order
to minimize the number of recrystallizations required
for complete purification). The method is most
suited to the treatment of a relatively large quantity
of material.

The main solvents for organic semiconductors
having molecules of small or moderate sizes are
chloroform, chlorobeD-zene, dibromoethylene, nitro­
benzene, toluene, benzene, acetone, carbon t€tra­
chloride, dichloroethylene, carbon disulphide, aniline,
hexane, butyl alcohol, acetic acid, ethanol and
methanol.

However, in the case of the organic semiconductors
having large molecular size, a relatively great amount
of solvent would be required because of the
low solubility of the materials in ordinary organic
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solvents. Aromatic solvents such as xylene, durene,
a:-methylnaphthalene, quinoline and dichlorobenzene
are the most suitable ones because of their relatively
high solvent power for high molecular aromatics.
There are a number of commercialsolvents produced
from the cracking of petroleum which are also appli­
cable to the same purpose. It should be remembered
that the incorporation of a small amount of the
solvent into the purified crystal often has a strong
effect on the electrical properties.

Distmation
If the compound is relatively impure, crystalli-'

zation usually entails considerable loss of material
,and· several recrystallizations are required to effect
complete purification. The procedure often may
be considerably facilitated by a prior distillation
which is a process concerned with the vaporizing
of a liquid at its boiling point. Separation of
impurities is obtained if the impurities have a
different vapour pressure from the host material.
The process is extremely common for liquids but
not so much for organic semiconductors in labora­
tory. For details of the process, many excellent
reviews2s- 33 are available.

Sublimation
Sublimation, as a procedure for purification, is

an old technique38•34 and is limited to compounds
which have reasonably high vapour pressure and
which pass directly from the solid state to the vapour.
However, the process involving initial melting
followed by vaporization and deposition on the
condenser may be carried out in the same apparatus
and is often loosely called sublimation.

The sublimation method more generally applied
than the recrystallization method has the advantage
of being free from solvent. Because of the minimum
number of transfer operations. there is little loss
of material (thus applicable to the treatment of
quantities as small as 1 mg.) and saving of time
compared to recrystallization. The main dis­
advantage of this method is that separation being
based on vapour pressures two components having
similar vapour pressures will sublime together and
hence a poorer separation is obtained compared
to recrystallization. The method is particularly
valuable in separating volatile from non-volatile
compounds such as salts or other inorganic
compounds; bicyclic and other rather symmetrical
molecules which usually have rather high vapour
pressures may alsd be' efficiently separated from
other less volatile reaction products.

When the sublimation proced'ure is applied to
an admixture. the lighter molecules condense far
from the heavier ones. Thus the two are effectively
separated. One can obtain a series of condensed
layers on a glass surface which usually exhibit a
successive change in colours. The temperature
of sublimation can be greatly decreased by employ­
ing a high vacuum, from 10-5 to 10--8 mm. of Hg.
Moreover, the separation of impurities from the
desired compound is carried out effectively. A
schematic diagram for multiple vacuum sublimation
apparatus is shown in Fig. 1. The variation of the
sublimation temperature with the vapour pressure

·8::::~=>C:T~,",-
,YllUQ.wn.

Fig. 1 - Schematic diagram for multiple vacuum sublima­
tion apparatus

Fig. 2 - Variation of sublimation temperature with the
vapour pressure of the polycyclic aromatic hydrocarbons
[I, anthracene; 2, pyrene; 3, naphthalene; 4, perylene;
5, anthanthrene; 6. meso-naphthodianthrene; 7, pyranthrene;

8, ovalene; and 9, violanthrene]

as observed by Inokuchi et aZ.55 is presented in
Fig.2.

It is believed that the decomposition, and carbo­
nization of aromatic compounds may lead to, the
appearance of unpaired electrClns. It has been
found by means of the method of electron spin
resonance that the polycyclic aromatic compoupds
may be sublimed Without decomposition when the
temperature is not over 350°C.38 , As shown in Fig. 2,
the application of high vacuum in the sublimation
procedure may prevent the contamination resulting
from the presence of a minute amount of decomposed
products, because the sublimation temperature is
kept below that for decomposition.

Recently, however, a number of new I twists'
have been introduced that greatly increase its
effectiveness.

G-rtJdlent Subllm4tlon

In 'most sublimation processes. the less volatile
constituents of a mixture do not sublime until the'
bulk of the mixture has been sublimed; this leads
to entrainment and poor separation.
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TABLE 1 - FuNDAMENTAL COMBINATION OF MOBILE AND
STATIONARY PHASES IN CHROMATOGRAPHY

An improved method which may be called grad­
ient sublimation has been introduced by Melhuish37 •

A glass tube (4 mm. internal diam. and about 25
cm.long) is placed in an insulated, close-fitting copper
tube, one end of which is heated electrically. A
small amount of sample (about 15 mg.) is placed
behind a plug of glas, wool in the heated end of the
tube, and a slow stream of inert gas (about 10 ml.J
min.) is passed through the tube, from hot end to
cold. Each constituent sublimes and resublime,
until it reaches a point in the temperature gradient
at which its vapour pressure is negligible. The
more volatile constituents move further down the
tube, and complete separations can be effected. In
a number of experiments with mixtures of aromatic
hydrocarbons and their derivatives, it was found
that fluorescent substance could be detected in the
tubes in quantities of a few micrograms37• This
technique may be used to advantage with larger
tubes, either in inert gas streams or in vacuo.

MICf'ojractor
Another new vacuum sublimation technique has

been introduced in which a mixture is sublimed
repeatedly between two travelling bands of stainless
steeJ3s. The apparatus is known as microfractor
and has been used to separate mixtures of dyes,
alkaloids and sterols into fractions of 80-90 per
cent purity. Refractionation would presumably
give higher purity. The entire unit is enclosed in
an evacuated bell jar during the operation.

Chromatography
The chromatographic methods39,tO originally used

for sepacating number of mixtures of natural pro­
ductstl,t2 have now been well developed and the
recent developments have been summarized in
literaturet 2-45.

Definition, methods and analysis of chromatography
~ Chromatography is a physical method of separa­
tion in which the materials to be separated are
partitioned between two phases. One of these
phases is stationary, the other is mobile and per­
colates through the stationary phase. Obviously,
only solids or liquids may serve as stationary phases,
while the mobile phases may be gaseous or liquid.
Therefore, four fundamental combinations can be
envisaged as shown in Table 1, all of them nave
been used in practice.

Chromatography, in its varied developments, is
now applied to many aspects of the problem

Stationary phase

Solid (adsorption) Liquid (partition)

of purifying organic semiconductors. Liquid
chromatography is often used for the isolation of
pure samples weighing many grams and it can also
be used for the concentration of small amounts of
impurity. Paper chromatography has been used
primarily for the qualitative and quantitative
analysis of micr-ogram quantities. Gas chromato­
graphy is largely an analytical tool, but it is rapidly
becoming a purification procedure as well.

All these methods involve the passage of 'a fluid
through a column of a rigid medium - usually

.with large surface area - which retards sele~tively

certain constituents of the fluid. Lederer and
Ledereru have classified chromatography into three
types on the basis of the mechanism of selective
retardation as follows: (I) adsorption, in which
an equilibrium is established between the fluid phase
and an adsorbed phase consisting of all the material
retained in the pores of the adsorbent; (2) ion
exchange, in which the stationary phase is the surface
of a finely divided polyelectrolyte; and (3) partition,
in which a solute is distributed between two liquid
phases or between a liquid and a gas phase. In
this case, the stationary phase is distributed in a
thin film of large area, on a finely divided, inert
support.

Each of these three types of retardation can in
principle be pursued experimentally in three ways.
(1) Elution analysis (flowing chromatogram). in
which the column is washed with liquids of succes­
sively greater eluting power, and the elute is collected
in fractions. Eluants function by being themselves
absorbedts. A number of instruments are available
commercially for the continuous collection of suc­
cessive fractions. (2) Frontal analysis, in which
a solution of the mixture to be separated is forced
through a column and the effluent is analysed
continuously. (3) Displacement analysis, in which
the chromatogram is developed by addition of a
solution of a substance more strongly absorbed
than a~y of the materials to be separated.

Liquid Chromatography

The chromatographic method most relevant to
the preparation of sizeable samples of pure organic
semiconductors is the flowing-absorption chromato­
gram. This method is very useful for lower con­
densed aromatics, in spite of the labour involved,
because they are highly soluble in organic solvents.
The essential requirements are simple: a glass or
plastic tube, whose length is about 30 times its dia­
meter, with a means of supp&rting the charge of
adsorbent. A number of paperstH9 describing
the apparatus used have been published.

In the apparatus shown in Fig. 3 (taken from
ref. 49) the solvent in the upper vessel seeps through
the crude material and extracts the more soluble
components to form a solution which then enters
the multiple or single adsorption column. The
more highly adsorbed impurities are retained in
the column so that a purified solution enters the
bottom reservoir. The solvent is returned from
the bottom reservoir into the upper vessel by means
of distillation to complete the solvent cycle. The
purified material concentrates in the bottom vessel.
This apparatus may be used to carry out extraction,

Gas-liquid
chromatography

Liquid-liquid
chromatography

(paper
chromatography)

Gas-solid
chromatography

Liquid-solid
chromatography

(adsorption
chromatography)

Mobile phase

Gas (gas
chromatography)

Liquid
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Fig. 3 - Chromatographical
purification apparatus

filtration, adsorption and further rec:ystallization
simultaneously.

In this procedure, a few adsorbents such as acti­
vated alumina, silica-gel and sodium carbonate,
are appropriate for the purification of organic semi­
conductors of aromatic type. Although alumina
generally possesses the greatest adsorbing power
and the suitable chromatographic effect on the
lower condensed aromatics, there are some cases

, in which silica-gel and/or Na.COs is a much more
adequate medium for the higher polycyclic aroma­
tics because of their higher absorbing powers.

Many variations have been introduced in the
above apparatus to deal with specific problems.
For example, some slightly soluble aromatic hydro­
carbons have been chromatographed in heated
columns or in systems allowing continuous addition
of sample to the columnC8,IlO.

Some substances require special precaution while
being purified by chromatography. For exa~ple,

the oxidation products of anthracene (anthraquIDone
and hydroxyanthraquinones) are much more strongly
adsorbed on alumina than is anthracene, but they
are not completely removed by chromatography.
This is because anthracene is photochemically oxi­
dized on alumina and silica, even in a nitrogen
atmosphere, apparently by adsorbed oxygenS1,6I.

Oxidation is probably not the only process that can
be caused by chromatographic adsorbents, in view
of their capacity to convert aromatic hydrocarbons
to the corresponding radical cations, which have
been detected by electron spin resonance measure­
mentsU,M. The best possible ways of avoiding
photo-oxidation and photo-decomposition of mate­
rials is to carry out purification in dark.

Gu Chr0tn4101t'tJPhy

Since 1952 there has been a greater application
of partition chromatography with elution analysis
and a gaseous mobile phaseN • The technique which
is now known as gas chromatographyM-88 was not
initially, applicable to organic solids. Ho)'Vever,
operating temperatures have been pushed upwards
gradually and now not only it is possible to analyse
but also to purify solids of high melting point with
this technique.

The experimental requirements are quite simple
and in Fig. 4 is shown a block diagram of a typical
gas chromatographic unitSI.

The stationary phase must be non-volatile and
stable at the operating 'temperature and should
also have fair solvent power for the mixture to be
purifiedlO• The detector should be sensitive to all
vapours, quick in response and for qualitative ana­
lysis, the response should be a linear function of

,the number of vapour molecules. Further, -the
output of the detector should be capable of operating
a recorder. Thermal conductivity, gas density,
flame ionization and ,infrared detectors have been
used and even more sensitive detectors are con­
templatedlMHll •

A sample is introduced into a gas chromatography
column by injecting it into the inert gas' stream
through a membrane, by means of a hypodermic
syringe. Solids should not be injected in solution
for two reasons: firstly, the solvent may contain
impurities and, secondly, if the solubility of the solid
is low, the amount of a trace impurity, that can be
introduced may become too small to be detected.
A new method for introducing a sample has -been
developed which is equally suitable for both liquids
and solids. The sample is sealed in a capillary made

.of Wood's metal and is placed near the column inlet.
After this the system is flushed with inert carrier'
gas and then a heated gas stream melts the capillary
and carries the sample into the columnA.

Samples of a few tenths of a milligram of organic
solids, dissolved in a volatile solvent, have been
carried out into gas chromatography columns for
analysis by injecting into a flash vaporizer at 375°C.
The columns were packed with glass microbeads
as support for the stationary phase and operated
at temperatures as much as 250°C. below the boiling
points of the solids". Ba'Xter and Keen18 have
designed instruments and have made some studies
for high temperature gas chromatography of aromatic
hydrocarbons at temperatures up to 430°C.

Fig. 4 - Block diagram of a unit for gas chromatography
[1. source of inert carrier gas at kn~ ~nstant r~te of
Bow; 2, sample inlet; 3, colnmn contauu~. a stationary
phase on an 'inert support; 4. manometer. to mdicate pressure
drop across column; S. absolute manometer; 6, detector;

and 7. recorder]
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Th.e F and M scientific 'Corporation has reported"
a striking gas chromatographic analysis of a mixture
of 17 aromatic compounds ranging from xylene
(boiling point 139°c.) to chrysene (boiling point
·448°C., melting point 255°C.). This analytical
separation was effected by a linearly programmed
chromatograph, in which column temperature was
raised continuously during the analysis".

Another approach' to the gas chromatographic
analysis of non-volatile substance is to decompose
them thermally and analyse the characteristic
, spectrum' of products. This technique has been
applied to polymeric systemse8•

Combination of Different Methods
As a matter of fact, it has not been conclusively

proved that anyone of the methods already dis­
cussed possesses advantages over another in all
cases. Thus, one must carry oilt the purification
by a combination of more than one of the methods
until self-consistent results are obtained. .

Okamoto et a/.Ie have purified some organic semi­
conductors of hydrocarbon type in a very novel
way and achieved high purity. Saturated solutions
of the various hydrocarbons in electronic grade
benzene were prepared and then refluxed with 10
per cent aqueous hydrochloric (for anthracene) or
sulphuric acid (for naphthalene) for several hours.
After cooling 'to room temperature, the benzene
layer was decanted and thoroughly washed
repeatedly with distilled water. The remaining
solvent was then removed by distillation. The
solids were dried under vacuum at room temperat\)re.
Further purification was effected by two successive
sublimations under reduced pressure (5-20 mm.
of Hg).

Aftergut and Brown?O have purified various­
.substances by combination methoq. Phenazine
was chromatographed and then either sublimed
at 125-130°C. (pressure 2 mm. ofHg) or subjeced
to zone refining. Imidazole was recrystallized three
times from benzene and zone refined. Benzimida­
zole was recrystallized twice from aqueous methanol,
sublimed twice at l25-130°C. (pressure 0·01-2 mm.
of Hg), and then zone refined. Phenothiazine was
purified by chromatography, multiple vacuum'
sublimations and zone refining.

Aftergut and Brown's results on phenazine show
that the resistivity over the measured temperature
range is higher for zone refined material than the
sublimed material. While the process of zone
refining in itself does not constitute evidence of
, ultrapurity " the results obtained lend support
to the assumption that this method of purification
furnished phenazine of greater purity than that
afforded by multiple subli~ations. This assumption
is based on the observation that, whereas at the
lowest measured temperature the order of magnitude
of the resistivity of the samples is the same, the sub­
limed materials have significantly lower resistivities
at the higher temperatures.. This yields higher
energy gaps for the sublimed materials and' can be
accounted for by postulating the presence of im­
purities. This is further supported by the poorer fit
of the experimental da,ta of the sublimed samples
to a single straight line.

Kepler71 obtained ultrapure anthracene by first
chromatographing high purity commercial anthra­
cene in dark on alumina. This material was sub­
limed in vacuum and then zone refined. The crystals
grown from this material contained less than 2 p.p.m.
impurities as estimated by emission spectroscopy
and mass spectrometer measurements. It was
possible with these crystals to measure the drift
mobilities of both holes and electrons with pulsed
photoconductivity technique.

Zone Refining and Allied Techniques

A much more powerful method of purifying solids
than by fractional crystallization has been developed
by Pfann?1 who termed this process as zone refining
which, in principle, is a general separation technique
comparable to distillation.

Though there are fundamental differences between
the behaviour of inorganic-and organic materials,
yet the application of the zone refining results
obtained on inorganic materials has already produced
many experimental successes in the ultrapurification
of organic semiconductors.

Initially, the development of the theory was
much behind the experimetal development in the
zone refining of organic materials: But now at least
in some areas, the theoretical work has surpassed
empirical work as, for example, in obtaining' ideal
thermodynamic equilibrium conditions'.

The outstanding advantage of zone refining
technique is that thfre is no contact between the
compound being purified and any other solvent or
chemical. The. other advantages are (a) wide appli­
cability of the technique, (b) sensitivity, (c) freedom
from contamination, (d) efficiency, and (e) possibility
of theoretical deduction of optimum conditions.

Zone refining and allied techniques have scope
of much wider applications. For example, they
are capable of concentrating microquantities of
impurities for identification, controlling impurities
which may require uniform impurity concentrations
(zone levelling) within a crystal at levels ranging
over many decades down to a few parts per billion,
resolving 'polymers into fractions by molecular
weight, isolating individual isomers, and separating
and purifying enzymes and other heat-labile bio­
logical materials.

Tlu!ory of Zone Rejlnlng

DEFINITIONS

The redistribution of components in a mixture
during a phase change is well known and a common
example is a solution of water and salt in a beaker
placed in freezing mixture. As the outer portions
approach the freezing temperature, pure ice crystals
start forming on the inner surface of the beaker
and gradually grow towards the centre, while the
salt concentrates in the remaining water. This
example is often used to illustrate the phenomenon
of 'segregation' which is common to almost all
the purification processes. The above process is
known as 'progressive or directional or normal
freezing '. Thus' segregation' may be defined as
the redistribution of a component or components
of a mixture at an interface during a phase change.
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Fig. 5 - Procedure adopted in zOne melting (zone freezing
for liquids) operation

phenomena in zone melting, it is essential to .con­
sider first the behaviour of the major component and
its impurities as described by their phase diagrams,
and secondly, the conditions under which zone
melting is carried out. .

PHASE DIAGRAMS

The theoretical principles of phase diagrams are
almost the same as given by White". Findlay7s
divided them into two basic types: one type describes
eutectic mixtures [Fig. 6(b)J while the other the
solid solutions [Figs. 6(a) and 6(c)J. Almost all the
binary organic compounds .are of the eutectic type.
All other phase diagrams can be constructed by
modifications or combinations of these two types7S
as shown in Fig. 6(d). Much of the theoretical
treatment on zone melting starts with an analysis
of these diagrams24 •

In a eutectic mixture [Fig. 6(b)J as the temperature
ialls, the major component will crystallize out in
the pure state while the impurity moves towards
the remaining liquid. This continues till the eutectic
composition reaches the freezing interface, when
the major component as well as the impurity crys­
tallize out together. Wilcox78-78 has derived theore­
tically the exact mechanism by which a eutectic­
forming mixture is zone melted. If the • ideal
conditions' are available, the major component
would crystallize out 100 per cent pure during the
initial stages of the zone melting. Friedenberg8

has derived the necessary variables required for
.. ideal conditions'. It is shown that the • ideal
~onditions ' require a temperature gradient of 0·100
to 0·010°C./mm. with a zone travel rate of the order
of 5X 10-1 to 1X 10-3 . cm./hr. With the boundary
temperature sharp and the growth rate slow (due
to the similally slow movement of the zone), the
impurities have sufficient time to mQve into the
bulk of the molten wne· without occlusion. This
mass transfer of impurity could be facilitated by
mechanical stirring of the zone. Simonelli and
Higuchj7g,llo have confirmed this observation ex­
ptrimentally. With the eutectic type of ph3£e
diagram, the impurity always lowers the melting
poinFs.

A few organic systems with solid solution type
of phase diagram have also been studied. Here
the impurity may either raise or lower the melting
point. The impurity distribution at the interface
can only be described if segregation coefficients
are known. If the phase diagram is known, the
segregation coefficient can be obtained directly
from the slopes of the solidus and liquidus curves.
However, one should apply such information care­
fully to zone melting process, because sometimes
the conditions during zone melting may alter the
constancy of the distribution coefficient consider­
ably. It must also be noted that for concentrated
mixtures the equilibrium segregation coefficient is
a function of concentration.

The thermodynamic aspects of these two types
of phase diagrams have been rarely studied. There­
fore, no thermodynamical explanation is available
even for ideal substances under equilibrium condi­
tions, for the difference in formation of a eutectic
mixture or, solid solution. But some qualitative
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Whereas • normal freezing' makes use of the slow
freezing of an entire solution, • zone refining' utilizes
a ielati'vely narrow zone of solution in a charge,
moving slowly through its entire length (Fig. 5).
The redistribution of impurities occurs at the freez­
ing interface, while the melting interface conti­
nuously adds liquid to the zone. If at room
temperature the charge is solid and a heating unit
is used for creating a molten zone, the process is
known as • zone melting' (Fig. 5). The term zone
melting as such is also used for other allied techniques.
For liquids, the correct term is • zone freezing',
because a freezing system is used for creating
a frozen wne.

Pfann72 borrowed the terminology for zone. melting
from solution chemistry, where it is more common
to use components or solutes instead of impurities.
Due to this, the segregation phenomenon is usually
described as a solubility difference of impurities
in the solid and liquid phases. When a part of the
impurity remains with the solid phase as the inter­
phase moves into the melt, a • segregation coefficient'
or • distribution coefficient' arises [Fig. 6(a)]. This
coefficient (k) can be defined as the ratio of the
concentration of impurities in the solid to that of
the liquid at the interface. These definitions are
based on the concept of •solid solution' developed.
by Brunin . For an understanding of segregation

Fig. 6 - Typical binary solid-liquid equilibrium phase.
behaviour [(a) Solid solution with constant distribution
coefficient"; (b) simple eutectic system; (c) solid solution
with variable distribution coefficient; and (d) partial solid

solution with eutectic point]
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explanations75.81'U lacking a rigorous treatment
are available.

Theoretical studies dealing with phase diagrams
in zone melting rarely discuss the conditions and
methods used for determining these diagramsu•7I,85.
It is expected that with the availability of rttined
instruments for thermal analytical measure­
mentsS,7t,80, it might be possible to show that many
hitherto considered solid solutions behave as eutec­
tics under more rigorously controlled conditions.

MASS TRANSFER

Role of mass transfer in zone melting - It is seen.
that the phase diagram determines only the rela­
tionship between the solid concentration and liquid
concentration at the interface. However, the
degree of separation attained in zone melting is
determined by the relationship between the solid
concentration and the concentration of the bulk
zone. Therefore, the success of a zone melting
operation depends strongly on the effectiveness
of mass transfer between liquid at the interface
and in the bulk zone as well as on the phase diagram
of the mixture. Mixing in the zone helps the mass
transfer while the net flow of material towards the
interface is a hindrance. The flow of material
through the zone is responsible for the separation,
depending on the zone travel rate. .

Impurity segregatirm problem - The ultimate goal
of the theoretical analysis of the zone refining pro­
cess is to predict from basic principles or empirical

correlations the solute concentrations resulting
from any number of passes. All mathematical
solutions obtained so far have been for binary
mixtures and an analysis" of the literature where
such solutions to this problem have been obtained
is given in Table 2.

The first step for obtaining the solute concen­
tration is to calculate the distribution resulting
from a single zone pass of an infinitely long charge.
This is connected to the problem of infinite normal
freezing where the zone is of an infinite size. But
the charge is always finite, hence corrections should
be applied for the end conditions. It is rather easier
to calculate the distribution after one pass or after
an infinite number of passes than the one resulting
from any number of passes. The ultimate distri­
bution is the one which is not at all changed
by another pass. Details of the theoretical work
can be obtained from the references cited in
Table 2.

Assumptions-The following assumptions are made
for solvin~ the above problems: (a) constant zone
length, (b) constant .zone travel rate, (c) constant
and equal cross-sectional area in zone and solid,
(d) constant density in solid and in liquid (some
have taken equal solid and liquid densities while
some have not), (e) uniform initial concentration,
(f) planar freezing interface. (g) equilibrium (ac­
cording to phase diagram) at solid-liquid interface,
(h) constant distribution coefficient in melt, and
(i) no diffusion in the solid.

TABLE 2 - ANALYSIS OF THE LITERATURE SURVEY GIVING THEORETICAL SOLUTIONS OF IMPURITY REDISTRIBUTION
IN ZONE MELTING

(Number.s refer to references where solutions are derived and numbers in parentheses refer to references in which solutions are
merely given)

Phase diagrams

Constant
di..tribution

coefficient [Fig. 6(a)J

Simple eutectic­
forming system

[Fig.6(b)J

Variable Limited solid
distribution solubility [Fig. 6(d)J

coefficient [Fig. 6(c)J

Liquid mixing Liquid mixing Liquid mixing Liquid mixing

Com- Incom- None Com- Incom- None Com- Incom- None Com- Incom- None
plete plete plet" plete plete plete plete plete

Single pass, semi-infinite rod

Semi-infinite zone (progres­
sive freezing. infinite charge)

End condition (progressive
freezing. finite charge)

Multipass. semi-infinite rod

Multipass. finite rod

Ultimate distribution. finite
rod

(72).76. (72).76. 76.77 78
87.88. (109).
(109) 90
(72) 92.93. 78

94.95.
96.97

(72).87. 96 78
(109)
(72).87.
99.100.
101.102.
103

(72),104. •
105
(72).87. 87
100.105.
106.107,
108

78

78

78

76.77. 78.87.· 78
111 (109).

91

98 78 78

78.87 78

87

78.87 78

78 78

78.87 78

87

·The solutions for incomplete mixing are found by substituting the effective distribution coefficient for the distribution
coefficient appearing in the results for complete mixing.
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... (4)

Attempts have already been made to obtain a
more rigorous solution of the problem by having
a lesser number of assumptions. Pfanr.8i has
recently discussed the situations in which zone and
solid have different cross-sectional areas.

Types ofliquid mi:n'ng - The degree of segregation
in wne melting depends on transport conditions
in the liquid. Three cases can be distinguished.
In the first case, complete mixing occurs in the liquid
(concentration in the zone is uniform). This occurs
either with very slow zone travel rates or with large
amounts of forced convection. Complete mixing
Kives the optimum separation that can be attained.
No dependence on zone travel rate has been predicted.
Theoretical solutions to segregation problems for
this type of mixing are simpler.

In the second case, there is no mixing at all- the
transport being only by diffusion. This can happen
only in microzone refining, I.e. in very small capil­
laries. This class gives the least separation and
is predicted to depend on zone travel rate.

Partial mixing, the third case, which is the most
common and corresponds to the usual expeJimental
conditions in wne melting of organic materials,
falls in between the above two extremes. Here
the wne is insufficiently mixed, the concentration
in the zone is not uniform and the separation depends
on the zone travel rate. Burton et al.eo have
developed a boundary-layer approach for this case.
It is assumed that the bulk of the zone is well mixed
and uniform, but near the interface a stagnant
boundary layer is present in which no mixing occurs.
The thickness of this layer then naturally becomes
a basic parameter for theoretical discussions.
Wilcox7',llo has developed techniques for estimat­
ing the boundary-layer thickness for free c~mvection

mixing conditions.
An objection to the boundary-layer approach

is that its thickness most probably varies slightly
with the zone travel rate. This might be due to
a uniform flux of liqui~ through the boundary layer
in zone melting. At present, it is not possible to
predict by any means the quantitative effect of
this flux on the boundary-layer thickness. But
the importance of boundary-layer treatment lies
in the fact that it has successfully explained many
experimental results.

Complete solid solutions - A survey of the litera­
ture as presented in Table 2 shows that most of
the theoretical work has been done by assuming
a constant distribution coefficient. There are two
reasons for this. Firstly, it is easier to find such
solutions and, secondly, much of the early zone
melting work was done on high purity inorganic
semiconductors and metals, which usually have
constant distribution coefficient. Comparatively;
less work has been done for the more complex case
of variable distribution coefficient.

Simple rMtectic-forming systems - The impurity
redistribution for complete mixing resulting from
wne melting a eutectic-forming mixture can be
obtained easily. It is clear from Fig. 6(b) that
material will come out completely pure, if the zone
concentration builds up to the eutectic composition.
When the eutectic point is reached, the original
composition solidifies giving a step function con-

centration profile. The length L~ of purified mate-
rial is given by .

L~ = L[::-1](~) ... (1)

where L is the length of the zone, W. and W. are
the eutectic and original compositions respectively
in weight fraction, and P, and P, are the liquid and
solid der:sities respectively. For multiple passes of
a long charge each pass wil1 leave behind an addi­
tional length L~ of the purified material. Thus,
the ultimate cOl.centration prefile for a finite charge
would be a region at the head end of pure material
and a region at the tail end of material of eutectic
composition. The relative sizes of the two regions
would be given by the requirement that the im­
purities removed from the head end must be found
in the tail end. The ultimate dish ibution is in­
dependent of zone size, codrary to the results for
materials with constant distribution coefficient
where smaller zones give higher separation. But
the rate to ultimate distribution is affected by zone
size - the rate is larger for larger zones. Therefore,
if all the assumptions are valid, then normal freezing
should give the ultimate distribution in one step
only.

Calculation of the impurity redistribution result­
ing from zone melting with no mixing in the melt
is much more complicated. It is not possible to
specify with some certainty the boundary condition
at the freezing interface. This is because a solid
consisting of two insoluble phases consists of inter­
mixed but discrete microcrystals of the two phases.
As the exact effect of this secondary diffusion on
the primary diflusion from freezing interface to
bulk wne cannot be calculated easily, its effect is
neglected in calculating the mass transfer in zone.

Due to non-mixing of the melt, the change from
pure product to initial composition is not a step
function, but is an approximately exponential
increase to the initial composition.

After a zone has moved far down a long charge,
the concentration profile in the zone itself is given
by7',??

W= W.[I+(~:-I) exp (-Z~:;)] ... (2)

where W is the weight fraction at a distance Z from
the freezing interface; D, the primary diffusion; and
V, the zone travel rate.

Integration of Eq. (2) over the zone gives
an average zone concentration W, given by

J:WdZ
W'=-L-

[
DP, (w.){ (LVP')}}=W. 1+- --1 l-exp ---LVP, W. DP,

... (3)
This shows that each zone moving along a semi­
infinite charge will carry along with it

Q;;;, LP, (W,- W.)

D [ ( LVP,)]= -(W,-W.) l-exp --VP, DP,
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amount of impurity per zone pass per unit cross­
sectional area. This is similar to that found for
complete mi'Xin~, except that ~he.amou~t moved
is less. The ultimate concentration 10 a fimte charge
for no mixing in the zone can be approximated.
The same method as for complete mixing is used,
except that W, as given by Eq. (3) is used for the
tail concentration instead of We. The transition
from pure material to W is not sharp as with
complete mixing, but would smear out. The
relative sharpness, however, increases as the para­
meter LV/D decreases, approaching complete
mixing for LV/D<O·l.

An identical treatment is from boundary-layer
approach. The results are in between the above
two cases. The average zone concentration after
moving through a long charge is18,1ll

W, = Wo[I+(~:-I) exp ( -8;~')1 ... (5)

where 8 is the boundary-layer thickness. Therefore,
the impurity per unit cross-sectional area moved
with the zone is

The ultimate dist'ribution is similar to the case
corresponding to no mixing, but with the concen­
tration given by Eq. (5).

Constitutional supercooling - The above solu­
tions in the case of simple eutectic-forming systems
are obtained on the assumption that a planar freezing
interface advances into the melt. But often the
interface is not smooth; it is rough and even consists
of needles and dendrites. Thomas and West­
water112- IU have observed this fact from a study
of a motion picture of the freezing phenomenon.
The rough interface is produced by the redistribution
of solute which occurs at the interface, and is due
to changes in composition in the melt. The pheno-

, menon responsible for this is known as •constitution
supercooling '112-123. Near the freezing interface
the temperature falls nearly linearly with the dis­
tance. The concentration of the solute rejected
at the freezing interface falls approximately expo­
nentially with distance. This decreases the freezing
point of the material towards interface as shown
in Fig. 7. Under certain conditions the actual tem- ,
perature will fall below the melting point in a region
near the freezing interface as in Fig. 7. The melt in
this region is said to be constitutionally supercooled
and is unstable with respect to perturbations of
the shape of the interface. The phenomenon has
been analysed theoretically for mixtures with a
constant distribution coefficientllt•124,116 and the
results have been confirmed by experimental work
on inorganicl16-118,l20,122,l23,lIe-11t materials. The
comparative work on organic materials has not
yet been done, but the results obtained for constant
distribution coefficient could be adopted. For low
supercoolings a cellular interface is formed. At
higher supercoolings the interface breaks down to
dendrites or needles. As the interface becomes
rougher, the mass transfer is hindered and thereby
more inlpurities solidify. Portions of the melt

ACTUAL TEMPERATURE
GRADIENT IN MELT

(lIQWO)

Dlsr"NCE 110110 LIQUID FROM
JPEElIhC ~TEItFACE -.

I~TEAF'AC(

can even be occluded if the interface is dendritic.
Constitutional supercooling increases as (I) the zone
travel rate increases; (2) the general impurity level
rises; (3) the actual temperature gradient decreases;
(4) the degree of separation decreases according
to phase diagram; and (5) the dependence of melting
point on composition increases.

The quantitative effect of constitutional super­
cooling on mass transfer in the zone cannot be
predicted as yet. Tillel l30 and Kramerl3l, however,
have made a beginning in this direction.

Experimental segregation data - Few measure­
ments13,,,,78,110,lS3,I34 of concentration profiles of
zone refined organic materials have been made.
The results13,,,,78,112.1S3 on binary eutectic-forming
systems may,be summarized as follows. Although
the overall separation can be correlated on the
basis of the boundary-layer treatment, the concen­
tration profiles are very much different from any
of those expected for a eutectic-forming mixture.
The break from pure material occurs quite soon
and is more gradual than predicted. Constitu­
tional supercooling is supposed to be responsible
for this.

As many passes are essential for ultrapurification
of organic materials, instead of the ideal single pass
predicted for simple eutectic-forming systems, use
of an effective distribution coefficient has sometimes
been proposed87,m. This is justified because the
quantity of impurity trapping is expected to increase
with the impurity content of the melt. If the
increase is assumed proportional, then the propor­
tionality constant would be an effective distribution
coefficient. But this approach has two flaws.
Firstly, the experimental concentration profiles
generally do not correspond to a constant effective
distribution coefficient. Secondly, the effective
distribution coefficient is not predictable and should
be a function of all those things on which consti­
tutional supercooling depends and perhaps some
more. Dependence on the overall impurity level
would make any prediction of an ultinlate distri­
bution impossible. More experimental and theore­
tical work is needed for the better understanding

Fig. 7 - Phase diagram corresponding to constitutional
supercooling

... (6)~ W) (8VP,)Q=LP, (W,- 0 exp - DPI
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of impurity segregation in zone melting of eutectic­
forming organic mixtures.

Some General Considerations

It is an accepted rule that the ultrapurification
should start from relatively pure materials188• Its
advantage is that various impurities can be easily
removed in toto early in the purffication process
rather than applying ultrapurification techniques
directly to the crude material. But there are
exceptions to this also. Hines et al.137 have ultra­
purified natural sea water by zone freezing and
achieved 100 per cent purity with one zone pass
only. The reason is obvious; sea' water forms
eutectic combinations with its salts. Some
results8,78,18l-UO are available on organic materials
where success have been achieved in directly ultra­
purifying crude materials.

Herington87 has pointed out that the two critical
factors, the amount and the nature of impurities
present, must be given due consideration before
zone refining any sample.

If one decides to zone refine a crude material,
there is always the danger that the eutectic com­
position will be reached in the fractionation process.
Also ultrapurification would involve many kinds
of difficulties111• However, if one assumes the
classical approach, and an initially pure sample
is zone refined, then only one8 zone pass is required
under ideal conditions. But it is not yet possible
to achieve these ideal conditions in practice. Hence,
a distribution coefficient arises as a function of the
conditions and is not due to the nature of the material
or its phase diagram. Therefore, multiple zone
passes are required for ultrapurification. With
a eutectic mixture, the ultrapure fraction is always
found at the beginning of the charge.

If solid solutions are formed with impurities, a
distribution coefficient arises as a function of the
nature of the materials. Here the methods of zone
refining inorganic materials are applicable and
multiple zone passes are essential. As impurities
may either raise or lower the melting point75, the
ultrapure fraction may be found at either end of
the charge. Hence the safest is to take the middle
portion of the charge as the ultrapure material,
if one is unable to analyse the sample.

Much of the experimental evidence indicates
that there is sufficient grounds for believing that
most organic materials do form eutectics at both
high and low concentrations with their impurities.

Allied Techniques

Normal freezing - A number of organic solids
have been ultrapurified by normal freezing. Com­
pounds are normally frozen by lowering 'a tube
through a sharp temperature gradient. The tech­
niquesU ,lU,lU used for the preparation of organic
single crystals are applicable. Schwab and
Wichers"· have described a device in which a sample
tube is supported in a vertical furnace on a float
resting on a cylinder of water; the float is lowered
by draining the water slowly from the cylinder.

It has been seen experimentally and theoretically
that normal freezing is a more efficient purification
process than zone refining for a single pass. As

already seen, normal freezing is very useful as the
initial step of a multistep zone refining process.
The normal freezing has some disadvantages also
such as: (I) automation is difficult since portions
of charge must be removed periodically for a multi­
step process; (2) contamination is a problem in
removing unfrozen sections; (3) in normal freezing,
the material is liquid for a greater time than in zone
refining; thus the risk of thermal decomposition
is greater here; and (4) a comparison of multistep
zone refining with cropping and multiple-normal
freezing indicates that the yield of purified mateIial
is less for normal freezing.

Dickinson and Eaborn1U and Doede1C5 have
developed refined equipment and operating pro­
cedures with the result that techniques of stirring,
temperature control, rate of movement of the freez­
ing interface, and the mechanics of operation have
made the normal freezing process yield better purity
material as compared to even zone refining.

Vapour zone refining-Some organic semiconductors
cannot easily be zone refined, either because they
decompose at or near their melting point or because
they sublime too readily. Weisberg and Rosiu,
have developed a technique known as ' vapour zone
refining' for such compounds. In this, the tempe­
rature control along the heated zone allows
the compound to sublime across a gap where it is
collected on previously sublimed material. The
movement of the charge by Teflon plugs allows
for successive' sublimations with a minimum
of contamination. The difference in sublimation
rates of impurities and major component allows
for a separation at both ends of the charge. SloanlU

has refined tetracene by this technique. Although
vapour zone refining is gradually coming into use,
its theoretical aspects are still not clear.

Laboratory Considerations of These
Techillques

The techniques used in zone refining of inorganic
materials may not be directly applied to the organic
materials. The low rates of crystallization, low
thermal conductivities, widely differing densities of
solid aM liquid phases, and the reactivity of the
organic compounds require special apparatus and
techniques. However, the essential requirement
is to pass molten zones through a sample. The
following factors have to be considered in designing
an apparatus.

Parllmeter, oj Importance

Zone travel rate and direction of movemmt - The
purification per zone pass increases as the zone
travel rate decreases, which means that the time
required to complete a pass increases. Pfann71

has analysed the selection of an optimum travel
rate. Generally, unstirred organic compounds may
be zone refined at rates of 10-50 mm./hr8,18I.

From the available data it seems that 20 mm./hr
is the most common rate.

It has already been shown that constitutional
supercooling, which lowers the separation, increases
as impurity content increases. 'Due to this, it is
often advantageous to have a lower zone travel
rate at the beginning of purification, than in later
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passes, where the purity is higher. Presence of
constitutional supercooling may be detected by
examining the interface with a magnifying glass
for surface irregularities.

In organic compounds, vertical zone melting is
more efficient. For example, an attempt to refine
naphthalene in a horizontal tube did not give good
results because the melt flowed back under the solid
that had just been refined. With charge in a ver­
tical tube the zone must be started from the top
and moved down. If it is required to remove gases
from the product, an upward zone pass should also
be included, preferably initially.

Zone size - The capacity of a zone to carry im­
purities increases' with its size: But a large zone
has more inter-mixing with the impure tail end of
a charge which reduces the ultimate purification
attained. Therefore, some compromise is essential
between small and large zones. The best result
from a single zone passed repeatedly through a charge
can be obtained as follows. The first pass should

-be normal freezing. After this, zone passes should
be made with the zones initially about· one-third
of the total charge length and then decreasing the
length as small as possible in latter zones. The
smallest zone length should be equal to the diameter
of the container.

This analysis is not so easy where many zones
are passed simultaneously through a charge. To
a first approximation, the rate of purification at
the beginning of operation is proportional to the
number of freezing interfaces present and to the
total volume of melt in the charge. Hence, the
product of the number of zones -and the total melt
volume should be made as large as possible in order
to have the. maximum purification. Since the total
volume of melt is -proportional to the product of
the number of zones and the zone length, the puri­
fication rate increases with the square of the number
of zones times the zone length. Hence, the maxi­
mum purification rate is achieved w.hen the zones
are spaced as close as possible, which means a small
zone size.

Temperature gradient - The success of' zone
melting depends a lot on the temperatures and the
temperature gradients. For free convection, a high'
temperature gradient at the freezing interface usually
gives better mixing in the zone. Physically, this
means a large temperature difference between the
heater and the ambient. It also means a heater
of the same diameter as the zone, so that the line
of demarcation between heated and cooled material
is sharp.

As already shown, a high temperature gradie,nt
is of help in reducing constitutional supercooling,
which can reduce the separation drastically. But
a high temperature gradient is disadvantageous
also, if the zone motion is not smooth because it
would increase any jerk in zone motion, while a
low gradient, due to latent heat effects, tends to
smooth them out. One should also remember the
thermal stability requirements before adjusting
the temperatures and gradients.

Temperature control of the heater is also very
important because fluctuations in temperature lead
to fluctuations in the rate of movement of the
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freezing interface and can greatly reduce the separa­
tion. The simplest way of controlling temperature
is to use a constant voltage transformer for supply­
ing input to heater. Control of room temperature
is also essential. Long-term fluctuations (hours)
should be kept below about 0·2°C. while short-term
fluctuations (minutes) be below 0·01 °C.

Container diameter and length - Most of the
organic semiconductors in the molten state are
highly volatile; therefore, open boats are usually
not used as containers.' Pyrex tubes are most
common, although vycor and quartz are also used.
As glas3 tubes break, Teflonl8 as well as stainless
steella& tubes have also been used. The metal tubes
have the disadvantage that the zone melting opera­
tion and the possibility of contamination cannot
be seen.

The tubes should be as long as practical, but at
least ten times the diameter of the tube. The chance
of back-mixing of impurity from the tail of the
charge is lfss, if the tube is long. Hence, the ulti­
mate purification of the head of the charge is more.

Under free convection conditions, large diameter
tubes give greater stirring and greater separation.
But the size is limited by the shape of the solid­
liquid interfaces, which become increasingly curved
as tube diameter increases. The tubes of 10-20 mm.
inner diameter are most convenient and common.

A serious problem with glass tubing is their
breakage. Most organic semiconductors adhere to
glass and expand on melting; the resultant force
on the tube is sufficient to shatter it. This often
happens after the first pass, especially if the zone
is moved up. The problem is more severe with
larger tubes, and apparently with high purity
materials which seem to adhere better to the glass.
Walterl" has suggested the use of a close-fitting
glass plug with a rubber policeman at the end of
the tube, thus permitting expansion on melting.
The best method for avoiding breakage as well as
facilitating removal of the purified sample from
the tube is to treat the glass with a chlorosilane
(for example, Dri-Film SC-87 made by the General
Electric Co., Silicon Products Division, Waterford,
New York). After application of the chlorosilane,
the glass should be rinsed thoroughly with reagent
grade hydrocarbon solvent or with reagent grade
ether, and then baked in vacuo at 400°C. The
resulting film adheres very strongly and is removed
only by treatment with hydrofluoric acid or with
the very effective cleaning solution suggested by
CrawleyUl: consisting of 5 per cent hydrofluoric
acid, 33 per cent nitric acid, 2 per cent Teepol (an
alkyl sulphate wetting agent) and 60 per cent water.
For horizontal zone refining, O'Nealuo,m devised
a hot finger to keep a space open above the charge.
Lacey and Lyons15l used a heater at the top of a
vertical tube of anthracene to prevent sublimation
from the top.

Mixing of the zone - The rate of purification
can be increased by stirring the zone. Ultrasonic
mixing has been used in growing organic single
crystals, but its use in zone refining organics has
to be investigated.

Hardly anyone has used forced convection, but
a sort of stirring is achieved by free convection in
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the zone, if the tube is not a capillary. Free con­
vection is fluid motion caused by density variations
resulting from temperature and/or concentration
variations within the fluid. In zone refining both
temperature and concentration in the melt are
non-homogeneous. Variation in temperature results
from heat transfer to and from the melt and to the
freezing and melting solid, while variation in concen­
tration is due to segregation at the freezing interface.

In the usual equipment, the zone is heated by
conduction from a resistance heater. Therefore,
bulk mixing of the zone results primarily from the
free convection currents generated at the tube
walls by transfer of heat from the heater, through
the tube walls to the zone; under these conditions,
the bulk of the zone is actually well stirred. But
these free convection currents are dead near the
solid-liquid interfaces, leaving a boundary layer
of nearly stagnant fluid adjacent to the interfaces.
As already shown, the purification in zone refining
is strongly dependent on the boundary-layer
thickness at the freezing interface. This boundary­
layer thickness, in turn, depends primarily on the'
free convection generated at the, freezing interface
itself by the density difference between fluid at the
freezing interface and in the bulk zone. The larger
the density difference, the smaller the boundary­
layer thickness, and the greater the purification
attained. This indicates that with high purity
materials a higher temperature gradient will nor­
mally give a larger density difference and hence
a larger purification.

Stirring' is also much greater when the fluid of
higher density (between the bulk zone and the
freezing interface) is at the top rather than at the
bottom. For a vertical tube, this normally means
that the zone is moving down. Another simple
way of increasing the free convection at the freezing
interface is to introduce a, thin axial rod of high
thermal conductivity - a metal- into the centre
of the charge. Wilcox" has also suggested high
speed rotation of the zone melting tube as a method
of increasing free convection stirring.

Gas liberation - Usually gases are more soluble
in liquids than in solids. Because of this, gases
are trapped among the solid crystallites formed
during the normal tube-filling operation. Unless
special precautions are taken, gas will be dissolved
at the melting interface and liberated at the
freezing interface in zone refining. If a horizontal
tube is used, this would give rise to a channel along
the top of the material. In a vertical tube, if the
zone is going down, the bubble collects at the freez­
ing interface. In larger tubes, this normally forms
a gas tube inside the frozen solid, which would
somewhat avoid breakage in multiple passes­
a definite advantage. In small tubes, however,
it can block the tube completely and may stop the
purification. If the zone is moved up instead, the
bubbles collect at the melting interface in larger
tubes and so are swept out, while in smaller tubes
blockage again occurs. Many a times the bubbles
can be moved up by periodically tapping the tube
or vibrating it.

Container charging - Organic semiconductors
are often available as fluffy, crystalline powders

("--__toNI_I..........: --)I
Fig. 8 - Zone refining tube

which are not easily loaded into zone refining tubes".
To overcome this difficulty, tubes of the design
shown in Fig. 8 (taken from ref. 59) are convenient.
The material to be purified is placed in the upper
section, the tube is evacuated, and then is filled
with an inert gas, argon or nitrogen. The material
is melted by a tubular heater and is allowed to flow
into the lower section and solidify. The tube is
again evacuated, and the constriction between the
sections is heated gently to remove adhering solid.
Inert gas is admitted until the pressure is about
~O cm. Hg and the tube is then sealed at the con­
striction. By carrying out zone refining in an inert
atmosphere rather than in vacuo, sublimation from
the top of the charge is reduced.

If oxygen causes decomposition of a substance
at its melting point, the sample may be sublimed
in vacuo and the evacuated sublimator may be trans­
ferred to a gloved box for loading of the zone refining
tube. The tube may be closed in the box by an
adapter, through which the evacuation and gas
filling described above may be carried out. This
time-consuming procedure may be avoided, in many
instances, by using a portion of the sample as its
own scavenger. Anthracene, for example, reacts
with oxygen to form anthraquinone, and the latter
is rapidly segregated by zone rdining.

Heater design - Simple resistance heaters are
usually adequate. They should be concentric to
the tube containing the material to be purified.
For most materials, special coolers are not necessary
because the ambient temperature is often low. A
number of heater designs have been discussed by
Lawson and Neilsen" and by }oncich and BaileyU.

Heaters have been made by wrapping Nichrome
wire toroidally around sections ,of pyrex or vycor
tubing with notch ends. The outside surfaces of
these easily made heaters are insulated; they are
found to give high efficiency and sharp zonesllll.

A focused light source has also been used as zone
refining heater. This methodl",l66 cannot easily
be adopted to the formation of many zones, and
it can cause the decomposition of many organic
compounds unless the light is filtered.

Several other designslll,lll-lll are also reported
in the literature. .

Zone travel mechanism - The sample tube may
be raised through a set of heaters or the heaters
may be lowered over the sample tube, the results
being identical. Motion is usually provided either
by a rotating threaded shaft or by winding cord
on a rotating spool and hanging the tube by the
cord. A motor attached to an electric clock is very
convenient for effecting this motion. Potential
energy change in the level of a liquidU8 or of a falling
weight has also been used successfully84,l8l.llO.ll1.

Passage of n zones through a .charge may be
effected in the following three ways: (a),n passes
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Fig. 9 - Schematic representation of a live·heater unit for
reciprocating motion in zone relining

through one heater; (b) one pass through n heaters;
(c) (,n+m-l) reciproeating strokes through a battery
of m heaters at intervals of i cm. with charge of mi
cm. long, as shown in Fig. 9. The tube is slowly
moved from its starting position (solid line) through
i cm. (dashed line); it is then quickly returned to
the starting position. Method (c) is by far the best
since it requires fewer heaters, less heat and much
less space than method (b) and it requires less time
and space than method (a). The apparatus1li8,ltO,m

becomes complicated when automatic multipass
arrangement is made-.

Summary
Various methods in use for purifying organic

semiconductors which are applicable in toto to other
organic solids as well have been briefly outlined.
A critical survey of the literature ~oncerned with
the' zone refining and allied techniques has been
made in view of their importance in the purification
of semiconductors. It is shown that zone refining
and allied techniques have in common a partial
or complete segregation of the components of a
mixture at a solid-liquid interface during crystal­
lization. The segregation depends on the mixture's
phase diagram. Most of the organic semiconductors
have eutectic-type phase diagrams. Therefore,
their behaviour in zone refining is quite different
as compared to inorganic semiconductors which
have considerable solid solubility. It has also been
shown that the degree of separation in zone melting
depends not only on the phase diagrams but also
on the mass transfer conditions in the zone. The
effect of mass transfer conditions on separation
are discussed in detail. The difference between
theoretical predictions and experimental results
are attributed to • constitutional supercooling '.
It is pointed out that the achievement of ideal
thermodynamic equilibrium between freezing, solid.
and bulk zones is advantageous in the ultrapuri­
fication of organic semiconductors.

Considerations in the design of zone refining
apparatus have been discussed in detail.
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CoMPLEX ANALYSIS by Lars V. Ahlfors (McGraw-Hill

Book Co. Inc., New York), Second Edition, 1966.
Pp. xiii+317. Price $ 8.95

Conformal mapping, contour integration, infinite
sequences and complex integration are but a few
topics of complex analysis, which find useful ap­
plication in the fields of physics and engineering.
Prof. L. V. Ahlfors' well-written book on complex
analysis fulfils the need of a useful text-book and
guide on the subject. The presentation is forceful,
logical, lucid and analytical.

The book under review is the second revised edition
of the book first published in 1953. Besides con­
taining about 70 additional pages, the revised edition
includes an extra chapter on elliptic functions,
The other chapters have been revised, rewritten or
remodelled to some extent.

The first two chapters deal with the algebraic
properties of complex numbers and the properties of
power series. It has been clearly brought out that
in the theory of complex analytic functions all
elementary transcendental functions can be expressed
through e' and its inverse log Z. The. author has
introduced with advantage in the section on ' point
set topology' discussion about metric spaces and
compactness, which should be of interest to students
of pure mathematics.

In Chapters 3 and 6, analytical functions as
. mappings, conformal mapping, canonical mappings of
multiply connected regions and Dirichelet's problem
have been discussed at great length. It would have
added to the usefulness of the book if applications to
physical problems had been indicated.

Cauchy's contribution in the field ofcomplexanalysis
has been well recognized. In recent years quantum
mechanical theories of dispersion have been attemp­
ted on the basis of Cauchy's results. Prof. Ahlfors
has discussed Cauchy's investigations in Chapter 4
of his book. The chapter on complex integration also
includes a brief discussion on harmonic functions.

Chapter 5 which deals with infinite sequences
has been given the new title, • Series and product
developments'. The treatment of the last two
chapters on ' Elliptic functions' and' Global analytic
functions' exhibits great mathematical rigour. A
number of exercises have been included at the end of
each section to illustrate the principles discussed.
A few more exercises on applied subjects like hydro­
dynamics, aerodynamics and physics would have
added to the utility of the book.

The arrangement of topics is original and the
printing and get-up of the book bear the excellence of
McGraw-Hill books. The book will continue to be
popular with teachers and students of pure and
applied mathematics.

K. VIJAYARAGHAVAN

INFRARED RADIATION by Ivan Simon (D. Van
Nostrand Co. Inc., New York), 1966. Pp. 119.
Price $ 1.50

The book under review is published for the Commis­
sion on College Physics and obviously intended to give

a short and precise account of the various aspects of
infrared radiation. The subject matter is dealt with
in a simple and lucid style, and follows the pattern
of the text-books that are generally used in our
intermediate classes.

The fu:st chapter deals with the nature of the
infrared radiation presented in a historical and
descriptive pattern. The well-known laws of radiation
are also included in this chapter.

The second chapter discusses various sources of
infrared radiation both thermal and non-thermal.
A sub-heading like non-thermal sources for infrared
radiation is apparently unorthodox; the laser is
described under this. The limits of detection of
radiation, particularly with reference to the signal
noise ratio, are also discussed.

The fourth chapter deals with materials and optics.
The optical part includes a concise account of optical
systems as well. In Chapter 5 elements of molecular
spectroscopy are discussed in relation to infrared
spectroscopy. The applications of infrared radiation
are described in Chapter 6. Typical examples like
infrared viewing and imaging devices, evaporograph
and infrared photography are described.

In all the above chapters the stress is mainly
on the basic principles and typical equi}:ment.
Neat diagrams are generously provided in the des­
criptive portions to make the subject matter very
readable. Each chapter is followed by adequate
references and bibliography.

If this book is representative of the others in the
series, they can all be recommended for the libraries.

V. RAMAKRISHNA RAO

DOCUMENTS ON MODERN PHYSICS - QUANTUM
STATISTICS AND COOFERATIVE PHENOMENA by
John Gamble Kirkwood, Collected Works, Vol. 1,
edited by F. H. Stillinger, Jr (Gorden & Breach
Science Publishers, New York). Pp. x+182.
Price $ 4.95 (paper); $ 8.00 (cloth)

This volume contains Kirkwood's papers on quantum
statistics and cooperative phencmena. This collec­
tion is very valuable, because it contains original and
basic ideas put forward in the early days of the
development of quantum statistics which even today
is an important field in theoretical physics.

Many of Kirkwood's later publications are in the
field of classical statistics and, therefore, it is
interesting to note that he wrote the two papers
•Quantum statistics of almost classical assemblies'
and • Statistical theory of low frequency inter­
molecular forces'. These two papers in a way
verify that for most applications of interest in
physical chemistry the quantum corrections to
predictions of classical statistical mechanics are
indeed small. In some of his papers he has used
the electrolyte solution theory technique in the
application of finite temperature Thomas Fermi
theory to correlation effects in systems with a
degenerate electron gas. This work, however, did not
give good agreement in the high density region
with the known electron gas energy limit, particularly
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because it neglected exchange energy and the fact
that electrons are not static point charges but have a
finite velocity. The phenomenon of order-disorder
transformation in binary alloys has been the subject
studied by Kirkwood in some of his papers. Anybody
who has gone through these papers will. agree that
they contain the very comprehensive and systematic
theoretical analysis of this broad class of problems in
classical statistical mechanics. Some of the ideas of
Kirkwood as given in the papers collected here when
utilized to recalculate his results with new data and
modern computational methods are likely to give
better and interesting results.

It would have been better if a complete list of
Kirkwood's publications was included in this volume.
The name and reference of the journal should have
been given along with each paper rather than listed
in the beginning. The volume is very important for
those who want to understand the nature and
characteristics of cooperative phenomena, because the
basic ideas and approach of Kirkwood is still an
important tool in this field.

KRISHNA]I

DOCUMENTS ON MODERN PHYSICS - DIELECTRICS,
INTERMOLECULAR FORCES AND OPTICAL ROTATION
by John Gamble Kirkwood, Collected Works,
Vol. 2, edited by R. H. Cole (Gordon & Breach
Science Publishers, New York). Pp. x+271.
Price $ 4.95 (paper); $ 8.50 (cloth)

This volume contains Kirkwood's papers in the fields
of dielectric constant measurements, dielectric theory,
intermolecular forces and optical rotatory power of
molecules. Some of the papers in this volume have
long been classics and essential reading for anyone
actively interested in the subjects they treat.
The set of papers dealing with dielectric properties
of polar liquids are very important, particularly
the extension of Onsager's theory and the study of the
influence of hindered molecular rotation. Besides
clearly showing how and when Onsager's theory
could be more useful, the papers have been able to
throw some light on hydrogen bonding and its
utility in drawing semi-quantitative inferences from
dielectric data about the ·form of local correlation
of molecules. Recent developments in microwave
spectroscopy have revived interest in inter­
molecular forces greatly and it is interesting to find
that the volume includes the 1931 paper 'The·
van der Waals' forces in gases' by Slater and
Kirkwood. This paper uses the variational method
to calculate the polarizability and mutual pOlarization
energy of helium atom. Both the formula for the
attractive energy of helium and a generalization
for the energy of closed shell atoms in terms of
their polarizabilities have been widely used and
frequently quoted. I think the readers will be careful
in using the quantitative results obtained in the
various papers because quite a number of them
have been revised by later works. .

Recently, areas common to physicists and chemists
have been expanding rapidly and today persons who
understand the relation between molecular and
macroscopic phenomena are needed most. It is
interesting to note that Kirkwood understood the
relation of molecular and macroscopic fields clearly
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at a time when much of the discussion in the literature
was very contused. The editors need to be con­
gratulated for bringing out this volume for the
benefit of specialists in molecular physics as well as
those non-specialists who wish to understand basic
concepts in the theory of dielectrics and related fields.

KRISHNA]I

WET COMBUSTION AND CATALYTIC METHODS IN
MICROANALYSIS: Methods in Microanalysis Series:
Vol. 2, edited by J. A. Kuck; translated by K.
Gingold (Gordon & Breach Science Publishers,
New York), 1965. Pp. xx+4l2. Price $ 21.00

This book is the second volume in the series Methods
in Microanalysis and presents translated papers
on wet combustion and catalytic methods. The
objective is to familiarize the microchemists with
the research work carried out in this branch of ana­
lytical chemistry, mainly in Russia and Czechoslo­
vakia. The methods described, both qualitative
and quantitative, seem to have advantage over
the classical methods in that the degradation of
the compound is achieved more satisfactorily.
Although some of the papers elaborate the use of
the catalysts for macro and semimicro methods,
the observations on their activity in many cases
show a good promise for the possible transposition
of the methods to micro scale.

Some· chapters are devoted to simultaneous
identification and estimation of elements; however,
some of the procedures, though of sufficient theore­
tical interest, are not quite convincing for the
necessary ease in manipulation.

Of the total forty-two chapters, twenty are due
to the publications of the noted Russian academician,
Prof. A. P. Terentev, and ten are the contributions
of the famous Czech microanalyst, Korbl, who has
dealt with the investigations relating to the pro­
perties and analytical applications of the decom­
position product of silver permanganate.

Three chapters describe sensitive qualitative
tests for elements in organic and organometallic
compounds which include the metals As, Sb, Bi,
P and Hg. The traditional sodium fusion has been
replaced by fusion with Ca, Mg, magnesium nitride
and decomposition product of silver permanganate.
Eleven chapters describe simultaneous determina­
tion of elements. For this purpose, wet combus­
tion methods employing chromic acid-sulphuric
acid mixture have been successfully used for a variety
of compounds. Estimation of Si with many other.
elements seems to have been of particular interest
in organosilicon compounds and also in Si-Cu alloys.
Four chapters cover the methods for simultaneous
determination of C, N, S and halogens. In addition,
the use of acrylonitrile for the determination of
monohydric alcohols, thioa1cohols and thiophenols,
microhydrogenation and determination of active
hydrogen are also described in some chapters.
Semimicro and micro methods for carbon and
hydrogen with chromium sesquioxide as catalyst
are reported in two chapters. An account of the
preparation, properties and uses of the decomposi­
tion product of silver permanganate as a powerful
oxidation catalyst. is given in full detail in ten
chapters. The remarkable llroperties of this reagent
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permit smooth analysis of compounds covering a
wider range of elements, comparatively at lower
temperatures.

This volume thus provides valuable information
en some surface combustion catalysts and wet
combustion processes. It should be very much
useful as a ready reference book for· the analysis
of difficultly combustible compounds.

V. S. PANSARE

ENGINEERING THERMODYNAMICS by Munir R. EI­
Saden (D. Van Nostrand Co. Inc., New York),
1965. Pp. xv+216. Price $ 5.95

This is an interesting little book for a one-semester
introductory course in the subject. The book
approaches the subject matter in terms of probabi­
lity and uncertainty, as was done by the early
pioneering book of Dr Myron Tribus, Thermostatics
and thermodynamics. The language is simpler
and explanations using numerical examples abound
in the early section. T~e concepts of heat and
increasing entropy principle are shown to follow
logically from the basic postulate of statistical in­
ference. The student gets the strong impression
that a microscopic approach to the subject is equally
possible, once the averaging methods are logically
applied. In Chapters I and II the author introduces
the students to probability, uncertainty entropy
and jayne's formalism based on information theory.
This is a potent approach to the concept of entropy
which is usually a bugbear to the normal under­
graduate students. Soon after, the properties of
gases and a detailed treatment of the Maxwell­
Boltzmann' distribution are introduced. This will
prove extremely useful to. an engineering student.
Following this the author presents the concepts
of thermal equilibrium in a general system, and of
increasing entropy. These chapters and the prob­
lems given therein are well worth the study of
both students and teachers, as they contain a clear
delineation of the basic tenets of thermodynamics.

It is of interest to note that these concepts, parti­
cularly the increasing entropy principle, are presented
before the formal statement and application of the
first two laws of thermodynamics.

In the next three chapters the author introduces
the laws of thermodynamics for closed and open
systems as a logical sequence of the formalism intro·
duced in the early sections of the book. The last
chapter discusses the fundamentals of energy con­

.version and refrigeration - of particular importance
to engineering students.

The layout of the subject matter is extremely
well thought out, the language and examples used
are clear and simple, such as to sustain the interest
of the student. The problems given at the end
of the chapters are of varying degree of complexity
- some of them being indeed too simple to serve
as anything better than review questions. The
appendices contain some data for conversion factors
and properties of steam and a few refrigerants. Sur­
prisingly, there are no serious printing mistakes.
The units used in the text are FPS units and tem­
perature is given in degrees Rankine. Indian
students may find these units ~trange, but never­
theless a careful study of this book is recommended

for those who wish to take up advanced work in
this field. Some adventurous schools may wish
to try this delightful book as an introductory text
for the subject of engineering thermodynamics which
is so· often presented as a dreary subject to
the students.

V. RAMAKRISHNA

VACUUM SCIENCE AND ENGINEERIN G: PROFERTIES
OF GASES AT Low PRESSURE, VACUUM MEASURE­
MENTS, DESIGN AND OPERATING FEATURES OF
VACUUM PUMPS AND SYSTEMS by C. M. Van Atta
(McGraw-Hill Book Co. Ir.c., New York). 1965.
Pp. xiv+459. Price $ 15.00

This is a highly commendable book in a new and
rapidly developing field. The vast expeJience of
Dr Van Atta in the fields of vacuum science and
engineering is clearly visible in this compnhensive
and thorough volume.

. The book has been aptly titled, since it emphasizes
both the fundamentals and the engineering appli­
cations of vacuum science. The filst two chapters
are devoted to developing the basic ideas concerned
with the nature and behaviour 'of gases and gas

. flow. In the second chapter, a very useful treat­
ment of gas flow in the transition pressure range
has been included. The r.ext two chapters deal
with pressure measurement and vacuum analysers
and leak detectors. The fifth ap.d the sixth chapters
are particularly informative regardip.g mechanical
vacuum pumps and vapour-jet vacuum pumps.
The seventh and the eighth chapters deal with the
measurement of pumping speeds and the design of
vacuum systems. The last chapter describes the
latest developments in the field of ultra-high vacuum,
such as getter-ion pumps and cryogenic pumping.
Detailed references and useful appendices have
been given. Ample illustrations have been pro­
vided. Special care has been taken to facilitate
practical applications of formulae, by choosing
appropriate forms and units, ar.d incorporating
conversion factors in Apper,dix IV.

This book will be of great interest and use
to research scientists, industrial engineers and
students who are interested in the field of vacuum
science.

A. S. DIVATIA

ENERGETICS IN METALLURGICAL PHENOMENA:
Vol. I, edited by William M. Mueller (Gordon &
Breach Science Publishers, New York), 1965.
Pp. xiv+425. Price $ 19.50 (reference edition);
$ 9.50 (paperback edition)

One of the earliest seminars on • Thermodynamics
in Physical Metallurgy' was organized by the
American Society of Metals in 1949. The late
Dr Bridgman who participated in this seminar, had,
in his introductory talk emphasizing the value of
the thermodynamic approach, observed, "The
methods of thermodynamics are endowed with
~eater certainty than any others, and conclusions
'reached by a rigorous thermodynamic argument
are absolutely secure. This is 'partly due to the
freedom of thermodynamics. from any assumption
about the detailed mechanism of the system under
analysis, assumptions which are always in danger
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of being controverted by new knowledge. It is
also partly due to the ostensible generality of thermo­
dynamics." Over the years, there has been
a growing awareness of the value of the thermo­
dynamic and the kinetic approach to the elucidation
of m~tallurgical phenomena. For the physical
metallurgist, 'energetics' have been the means
for organizing available information, and gaining
insight to the driving forces in phenomena, such
as phase transformations, nucleation and growth,
recovery and recrystallization, and oxidation and
corrosion.

The compilation under review - which presents
the proceedings of a seminar on • Energetics
in Metallurgical Phenomena' held at the University
of Denver in the summer of 1962 - is, in the words
of the editor, .. an attempt to consolidate up-to-date
thinking on the subject and to provide the means
by which science faculty members and other re­
searchers may keep abreast of this fast-moving
field". The subject matter of this lecture series
covers the following major areas of physical metal­
lurgy: (i) 'Intermetallic diffusion' by David
Lazarus, discussing the temperature and pressure
dependence of diffusion, atomic models for diffusion,
experimental techniques, and non-equilibrium
diffusion; (ii) •Solid solution' by Rudolph Speiser,
presenting a thermodynamic treatment of binary
phase diagrams, interstitial solid solution, and strain
energy; (iii) 'Nucleation processes' by Michael
Bever, discussing the classical as well as the more
recent theories of nucleation from fluid and solid
phases (and including a set of problems for
the student) ; (iv) •Transformation' by Earl Roberts,
discussing the thermodynamics and kinetics of phase
transformations; (v) • Metastable phases obtained
by rapid solidification' by Pol Duwez, describing
experimental techniques and results, in this rela­
tively new field; (vi) • Annealing mechanisms in
deformed metals' by Paul Gordon, discussing the
nature of the cold-worked state, the mechanism
of recovery below and at room temperature, and
the energetics of boundary migration; (vii) • Ener­
getics in dislocation mechanics' by John Dorn,
discussing the structure and nature of dislocation,
and some thermally activated dislocation mecha­
nisms; and (viii) • Oxidation of metals' by Kenneth
Lawless, discussing imperfections in crystals,
oxidation theory, and epitaxy. The individual·
treatments are critical and authoritative, and each
section carries a bibliography, bringing the litera­
ture survey up to 1962.

In an era of fastly expanding frontiers in
materials science, such a compendium is invaluable
to the teacher and to the researcher, for gaining
an understanding of materials behaviour. The
metallurgical community owes a great debt of
gratitude to the principal lecturers for the
enlightening resumes and the discussions.

C.V.S.

THE FLORA OF DELHI by J. K. Maheshwari (Council
of Scientific & Industrial Research, New Delhi).
1963. Pp. viii+447. Price Rs 28.00; 56s.; $ 8.00

ILLUSTRATIONS TO THE FLORA OF DELffi by J. K.
Maheshwari (Council of Scientific & Industrial
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Research, New Delhi), 1966. Introduction
Pp. 20+278 illustrations. Price Rs 28.00; 56s.;
$ 800

The first 50 pages of the Flora of Delhi deal with
climate, geology, vegetation types, introduced flora,
and notes on the flora and classification. The text
is well written but is possible of much condensation
with benefit. For example, the two paragraphs
on page 11 which mention that the plant explora­
tion work was difficult because of the occurrence
of plants that cause very intense irritation of the
skin, and the presence of snakes might be all right
in the journal of a junior student after his first bota­
nical excursion, but not in a book of this kind. Such
difficulties are in the nature of things and of the
profession, and are encountered by every botanist
almost in every excursion.

The families are arranged according to the system
of Bentham and Hooker. The keys given are arti­
ficial and much can be said against artificial keys
as for them. One of the main objections to the
usage of an artificial key by a student is that he
would come to place a wrong emphasis on single
characters instead of combinations of characters
in differentiating taxa.

The descriptions of the species are written in a
good, concise manner without sacrificing clarity or
usefulness. The nomenclature used is that con­
sidered correct by many at the time of publication
of the volume. Another good feature is that
synonymy is kept at the minimum, giving only
those synonyms that are essential. The author has
taken pains also to emphasize the correct identity
of a species, as in the case ofA~ sterilis Linn.

In the volume of Illustrations, there are 278
figures relating to some of the species described in
the Flora. (Since the volume of Illustrations is
published about 3 years after the appearance of
the Flora, the latter does not have the desirable
feature of references to the figures, but the legend
of each illustration carries a reference to the page
number of the Flora for the description.) It
appears as though the author did not have enough
time to devote to the figures, which could definitely
have been much better, with greater clarity.
Details of the floral parts are illustrated only for
some plants but they are omitted even in those
cases where it is desirable to give them. It is of
course agreed that for some plants they can be
dispensed with, but there are also many for
which the details of the floral parts have to be
illustrated for the understanding of the student.

A few errors of nomenclature and identity of
plants noticed by the author after the publication
of the Flora are corrected in the introduction to the
volume of Illustrations. Some additions to the
Flora are also given.

The Flora of Delhi, along with its companion
volume of Illustrations, will be definitely useful,
not only to students at Delhi but also to those at
other places because most of the Delhi plants occur
elsewhere in India. An index is given for each
volume which facilitates easy reference. The
printing and get-up of both the volumes maintain
the high standard of CSIR publications.

V. S. RAo
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AN INTRODUCTION TO STATISTICAL MODELS IN
GEOLOGY by W. C. Krumbein & F. A. Graybill
(McGraw-Hill Book Co. Inc., New York), 1965.
Pp. xi+475. Price $ 13.00

Earth scientists usually not accustomed to quan­
titative thinking are passing through a state
of semi-quantitative thinking through a period of
data collecting and their final synthesis; thus geo­
logists are preparing themselves for the computer
age. The book under review will prepare the earth
scientists for such a task. Application of statistics
in geology has been changing in its emphasis from
purely descriptive aspects to analytical statistics
through the use of statistical models.

The book is well thought out and has been in
preparation since the authors offered summer con­
ference in 1961. Although the material in several
chapters of this book has been previously published
as scientific papers, they have been much revised
and arranged systematically to provide continuity
and unity. The book is divided into 15 chapters.
Appendix, author index, subject index, and more
than 600 references increase the value and use­
fulness of the book.

The reader should bear in mind that this book
is not a book on statistics and one who wants to
follow it should have had a course in statistics or
must have read Dison and Massey's book An intro­
duction to statistical analysis and Miller and
Khan's Statistical analysis in the geological
sciences. Krumbein and Graybill, in Chapters
1-4, provide the geological foundation necessary
for statistical approach. The rest of the 11 chapters
are concerned with statistical analysis on a univariate
level and multivariate models by the help of matrix
algebra. Thus the book has mainly three objectives:
(a) To set up geological models - this is concerned
with objects, events, measurements to be made
and properties of such measurements. Geological
analysis of a problem is necessary before the appli­
cation of statistics. (b) Geological observations
are related to statistical models. Chapters 5-8
consider geological population, its densities, the
problem of geological sampling and methods to
test the exactness of population models in geological
setting. Chapters 9 and 10 discuss analysis of
variance and simple linear model. (c) In the
last five chapters are included multivariate methods
of analysis; this necessitates the use of computer.
General linear and advanced models are provided
with the background of matrix algebra. A good
discussion on the empirical use of statistical models
for data evaluation is provided.

Numerous examples and references to geological
literature are provided so as to enable the reader
to understand and appreciate the significance of
statistical models in geology. This is a valuable

book fOf teachers, students and research workers
in the field of earth sciences.

B.L.S.

PUBLICATIONS RECEIVED

GRAPHIC HANDBOOK OF CHEMISTRY AND METAL­
LURGY by Pai Yen Loung (Chemical Publishing Co.
Inc., New York), 1965. Pp.I44. P.ice $ 10.00

THE INDIAN EPHEMERIS AND NAUTICAL ALMANAC
FOR THE YEAR 1967 (The Manager of Publica­
tions, Delhi), 1965. Pp. xviii +464. Price
Rs 14.00; 325. 8d.; $ 5,4¢

INSECT SEX ATTRACTANTS by Martin Jacobson
(John Wiley & Sons Inc., New York), 1965.
Pp. xi+154. Pdce $ 7.75

THE ROLE AND ApPLICATION OF ELECTRIC POWER
IN THE INDUSTRIALIZATION OF ASIA AND THE
FAR EAST (United Nations, New York), 1965.
Pp. vii+98. Price $ 1.50

BASIC CONCEPTS IN QUANTUM MECHANICS by Ale­
xander Kompaneyets (Reinhold Publishing Corp.,
New York), 1966. Pp. vi+152. Price $ 3.95

ESSENTIALS OF PALYNOLOGY by P. K. K. Nair (Asia
Publishing House, Bombay), 1966. Pp. vii+
96. Price Rs 9.00

PROGRESS IN BIOPHYSICS AND MOLECULAR BIOLOGY:
Vol. 16, edited by J. A. V. Butler & H. E. Huxley
(Pergamon Press Ltd, Oxford), 1966. Pp. 276.
Price 84s.

INTRODUCTION TO THE THEORY OF DIFFERENTIAL
EQUATIONS WITH DEVIATING ARGUMENTS by
L. E. EI'sgol'ts (Holden Day Inc., San Fran­
cisco), 1966. Pp.l09. Price $ 7.65

OBJECTIVITY OF SPACE-TIME AND PuRE WAVE
ApPROACH TO ATOMIC PROCESSES AND DYNAMICS
by A. G. Lahiri (Burdwan Press, Burdwan),
1966. Pp. 44

THE MANy-ELECTRON PROBLEM by K. S. Viswa­
nathan (Asia Publishing House, Bombay), 1966.
Pp. viii+244. Price Rs 22.00

BULLETIN OF STATISTICS ON WORLD TRADE IN
ENGINEERING PRODUCTS-1963 (United Nations,
New York), 1966. pp. xxxi+163. Price $ 1.50

NEWER REDOX TITRANTS by A. Berka, J. Vulterin
& J. Zyka (Pergamon Press Ltd, Oxford), 1965.
Pp. ix+246. Price 60s.

KURZES LEHRBUCH DER PHYSIKALISCHEN CHEMIE
by Hermann Ulich & Wilhelm Jost (Dietrich
Steinkopff Verlag, Darmstadt), 1966. Pp. xviii
+482. Price LN DM 29,40

EXPERIMENTAL METHODS FOR ENGINEERS by J. P.
Holman (McGraw-Hill Book Co. Inc., New York),
1966. Pp. xii+412. Price $ 9.95

ORGANIC CHEMISTRY by L. O. Smith & S. J. Cristol
- (Reinhold Publishing Corp., New York), 1966.
Pp. xv+966. Price $ 12.50
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the acetylenes by forming addi­
tion complexes with the acid, at
40-50°(.

The solvent and the reactants
.used should be perfectly dry in
order to prevent hydrolysis of
the hydrazone. With· phenyl or
alkyl as the substituted groups
of the hydrazones, the yields are
up to 60± 10 per cent. Hydra­
zones without benzyl moiety do
not yield acetylene products [f.
org. Chem., 31 (1966),624].

Anion-selective membrane
electrodes for tltrlmetrlc
determination of iodide
and sulphate

Two anion-selective membranes
have been successfully used as
indicator electrodes in the poten­
tiometric titration of iodide and
sulphate in solution. The mem­
branes in these electrodes consist
of sparinglysoluble salts embedded
in a silicone rubber matrix. The
electrode used for iodide deter­
mination contains silver iodide,
whereas for sulphate determination
the insoluble salt used is barium
sulphate.

Iodide can be titrated with
silver ion and sulphate can be
titrated with barium ion. Titra­
tion curves with sharp breaks
for both the titrations have been
obtained. The break in the
titration curve for 10-3M KI
is about 300 mY. in magnitude.
It has also been found that voltages
obtained with both iodide and
sulphate membrane electrodes lie
in nearly a straight-line relation­
ship to the log of the anion con­
centration at O·I-lO-~M. The
iodide membrane electrode can be
used for iodide determination in the
presence of fairly large excess con­
centrations of other anions, viz.
(1-, S02-, pot, C10~-, etc.

The membrane electrodes are
suitable' for use in automatic
titrators because of their rapid
response. The uncertainty for
e.m.f. measurement of the mem­
brane electrodes is between 1
and 2 mV., giving a precision not
quite as satisfactory as glass
electrode [Chem. Engng News, 44
(No.5) (1966), 24].

The mechanism of suppression
of nonsense mutations

The • nonsense mutations',
occurring in the gene-specifying
proteins which are as diverse as

NOTES & NEWS

the head protein of the f2 virus
and the alkaline phosphatase of
Esch. coli, are characterized by
the fact that while present in
certain • non-permissive' (Su-)
host strains, the particular pheno­
type involved is not expressed.
On the other hand, certain other
• permissive' strains permit the
expression of the particular pheno­
type. For example, in these Su+
strains the phage T, harbouring
a nonsense mutation in the head
protein gene will grow and lyse
the host, whereas in the Su- strain
it does not multiply since it cannot
synthesize the head protein.

The mechanism underlying the
action of the • amber' mutants
and their suppression by certain
bacterial host strains was for a
long time shrouded in mystery.
The nonsense mutations were later
found to be of two types ­
• amber' and •ochre' mutations

. in the case of the phage or N}
and N2 class of mutations with
respect to alkaline phosphatase
gene of Esch. coli. The work of
M. G. Weigert and A. Garen
[Nature, Lond., 206 (1965), 992]
has shown that the nonsense codon
involved in the N} class of phos­
phatase nonsense mutations and
the amber mutations is the RNA
triplet UAG. Subsequently, UAA
has been identified as the nonsense
codon in the case of the N2 class
or ochre mutations. The suppres­
sor genes which occur at different,
though closely linked, genetic loci
such as Su-1, Su-2, Su-3, Su-4
and Su-5 also fall into two groups.
The first three of them suppress
only N1 or amber mutations.
The Su-4 and Su-5 suppressors
permit the expression of both
N} and Nt class of mutations.

How does the presence of the
nonsense mutation result in loss
of activity of the gene? The
nonsense codons, UAG and UAA,
have been implicated in chain
termination [Takanami, M. & Yan,
Y., Proc. nat. Acad. Sci., Wash.,
54 (1965), 1450]. Hence it is
possible they have the same role
here and may lead to premature
chain termination. A. O. W.
Stretton and S.Brenner [J. mol.
Biol., 12 (1965), 456] have shown
that amber mutants of the head
protein of the bacteriophage T,D
produce N-terminal fragments of
the polypeptide chain when grown
in non-suppressing bacteria.

These peptides varied in iength
depending upon the position at
which the nonsense mutation was
mapped. When' these mutants
were grown in suppressor strains
the complete polypeptide chain
was produced with one change;
a new amino acid appeared at the
site of the nonsense mutation.
Another interesting feature was
that the same suppressor always
introduced the same amino acid
irrespective of the position of
the amber triplet and whatever
might have been the amino acid
in the wild type protein. Thus
Su-1 class always inserted serine,
Su-2 glutamine and Su-3 tyrosine.
These results were found to be
applicable in the case of the al­
kaline phosphatase gene [Weigert,
M. G. & Garen, A., J. mol. Biol., 12
(1965),448] andin an amberniutant
of f. virus [Notani, G. W., Engel­
hardt, D. L., Konigsber, W. & Zin­
del', N. D., J. mol. Biol., 12 (1965),
439].

As a result of these studies,
it has become clear that the pre­
sence of the nonsense codon brings
about abrupt termination of the
protein and that in permissive
strains the nonsense codon is
, wrongly' read as an amino acid,
thus permitting complete peptide
chain production. The effect of
suppression may be at the trans­
cription or translation step. The
fact that changing. the phase of
reading abolishes the nonsense
codon indicates that the trans­
lation step is involved. Thus it
is possible to imagine that the
insertion of the • wrong' amino
acid at the nonsense triplet may
be the result of a defective amino­
acyl-s-RNA recognizing the non­
sense codon on m-RNA. It is
also possible that the specific
amino acid activating enzyme may
have got mutated in su~h a way
as to have an altered specificity.

S. Brenner [Nature, Land., 206
(1965), 994] has postulated an
s-RNA which does not bind any
amino acid to be involved in chain
termination. Its anticodon will
be complementary to UAG. If
by a mutation anyone of the
several aminoacyl-s-RNAs were to
be altered such that its anticodon
is complementary to UAG, an
ambiguity would result and at
the nonsense codon a competition
between chain terminating s-RNA
and the aminoacyl-s-RNA would
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result. It is interesting to _note
that the amino acids' inserted by
suppression have codons related
to the nonsense triplet VAG by
single base changes. In addition,
the different suppressors do not
completely suppress the nonsense
mutations, and permit chain pro­
pagation in varying degrees of
efficiency. Thus both the N­
terminal fragment and the com­
plete chain are made. These
results appear to be in agreement
with the thesis that the amino­
acyl-s-RNA competes with the
chain terminating s-RNA and the
varying efficiency may be directly
related to the relative amounts
of the two s-RNAs.

M. Cappechi and G. Gussin
[Science, 149 (1965), 417) using
a phase assay system for in vitro
suppression have recently shown
that the carrier of suppressor acti­
vity in an Su-l strain is a serine­
s-RNA molecule. More recently,
R. E. Engelhardt, Webster, R. C.
Wilhelm and N. D. Zinder
[Proc. nat. Acad. Sci., Wash.,
54 (1965), 1791) have done experi­
ments in an in vitro system pin­
pointing the role of s-RNA. Their
results indicated that addition of
s-RNA from Su+ bacteria to Su­
extract containing mutant phage
RNA markedly increases the syn­
thesis of the coat protein similar
to that in Su+, whereas addition
of s-RNA from wild type or Su­
bacteria does not give this response.
Again the completed polypeptide
synthesis was increased as more
and more of the Su+ s-RNA was
added, showing its limited avail­
ability even in Su+ strains.

Thus it seems certain that the
nonsense mutation which leads
to chain termination is corrected
in suppressor strains by the am­
biguity introduced by a mutation
in one of the several s-RNAs
whose anticJdons are related to
the anticodon of the chain termi­
nating s-RNA, thus competing
with the latter, and -achieving
insertion of a new amino acid
at the nonsense triplet, permitting
completed protein production.­
S. MUTHU KRISHNAN

Vitamin A and the sulphate
activatinl1 enzymes

The role of vitamin A on an
enzymatic level in mucopolysac­
charide biosynthesis was brought
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to light when it was shown that
vitamin A is involved in the re­
actions leading to the activation
of sulphate ion [Varandani, P. T.,
Wolf, G. & Johnson, B. C., Bio­
chem. biophys. Res. Commun., 3
(1960), 97).

G. Wolf, J. G. Bergan and P. R.
Sundaresan [Biochim. biophys.
Acta, 96 (1963), 524) demonstrated
that a particular fraction resem­
bling mitochondria and obtained
from rat colon had the property of
synthesizing mucopolysaccharides.
They further showed that this

_capability was almost completely
abolished in vitamin A deficiency
and could be restored to normal
by addition to the particles incu­
bated of a metabolite of vitamin
A acid. If the interruption of
mucopolysaccharide synthesis in
vitamin A-deficient colon parti­
cles is caused by loss of the abHity
to form APS, then (i) such particles
should activate sulphate to APS
and (ii) they should have reduced
sulphate activation in condition
of vitamin A deficiency.

P. R. Sundaresan demonstrated
that the activity of ATP-sulphury­
lase was depressed to about
one-half to one-third its normal
value in liver supernatant fractions
from deficient rats [Biochim. biOo
phys. Acta, 113 (1966), 95]. Vita­
min A acid as well as vitamin A
when fed to deficient rats for 10-15
days (100 g./day) caused restora­
tion of enzymatic activity.

If a lipid extract is made of
the normal enzyme by means of
butanol and added to deficient
liver supernatant fraction its
lowered activity is greatly raised.
The active substance in this extract
is an ether-soluble acidic com­
pound. The lipid extract was
radioactive if the rats had received
radioactive vitamin A orally or
radioactive vitamin A acid by
intraperitoneal injection for 10
days. The explanation, therdore,
was that the ATP-sulphurylase
had an attached acidic lipid com­
pound which was derived from
vitamin A or vitamin A acid.
That the enzyme bound lipid is
not vitamin A acid was shown by
the fact that (i) neither vitamin
A acid nor vitamin A itself can
restore the deficient liver super­
natant fraction to normal acti­
vity, and (ii) the radioactive lipid
factor which can activate the
deficient enzyme, when purified

by thin layer chromatography on
silica gel in the solvent sys­
tem benzene-chloroform-methanol
(4: 1: 1 voL/voL), showed an Rf
0·32-0·34, whereas vitamin A acid
has an Rt 0·82 in that system.

The activating effect of the
lipid factor on the enzyme was
achieved by showing an increased
rate of reaction with deficient
enzyme, with increasing concen­
trations of lipid factor to a satu-

_ration level.
The acid treatment of the normal

enzyme prior to extraction of the
lipid facter inactivates the normal
enzyme. It can be reactivated
by addition of lipid factor from
normal but not from deficient
enzyme. In other words,

N-enzyme +N-Iipid factor
--+ Activity

N-enzyme +D-Iipid factor
--+ No activity

D·enzyme +N-lipid factor
--+ Activity

D-enzyme +D-Iipid factor
--+ No activity

where N stands for normal and
D for deficient.

Thus it is clear that a lipid
factor attached to ATP-sulphury­
lase and possibly derived from
vitamin A or vitamin A acid can
activate the enzyme. However,
the coenzyme status for a deri­
vative of vitamin A for ATP­
sulphurylase cannot be claimed.
Identity and relationship of the
lipid factor to vitamin A and its
mode of interaction with the
enzyme have not yet been clarified.
The lipid factor might possibly
be the coenzymatic form of vita­
min A.- A. KRISHNA MALLIA

Biochemical individuality

Voluntary consumption of
alcohol (4 per cent) by members
of same group of chicks over
a 4-day period varied from 1·5
to 35·0 ml., a 23-fold range.
Highly inbred rats showed dis­
tinctive individualities in their
eating, drinking and exercise
behaviour. With respect to ex­
cretion patterns and voluntary
alcohol consumption, substantial
individual differences were observ­
ed in rats which had resulted
from brother-sister mating from
as many as 101 generations
[Reed, J. G., University of



bably in producing biochemical
individuality.- P. A. KUMAR

Texas publication No. 5009, 1951,
1#].

Recently, R. ]. Williams, R. B.
Pelton and F. L. Siegel [Proc.
nat. Acad. Sci., Wash., 48 (1962),
1461] have reported observations
on the weights of 17 different
organs including heart, kidneys,
brain, spleen and liver of 645
male rabbits. These weights were
adjusted to take into account
the fact that the rabbits were
not all of the same size and were
expressed in terms of the weights
of the organs net body weight.
The least variation (2- to 3-fold)
was found to be in heart weight
and the maximum (80-fold) varia­
tion in spleen weight; the average
variation of organ size was over
14-fold.

Abundant evidence is available
that there is substantial variation
in the weights of organs in • nor­
mal' humans. It was found more
than fifty years ago that the livers
varied 2·8-fold in weight, kidneys
3·7-fold, brain> 1·6-fold and heart
3·3-fold when as few as 69 cases
were studied [Greenwood, L. &
Brown, F., Biometrica, 2 (1908),
473]. More recent data bear out
the fact that each individual has
a distinctive set of organ weights,
organ activities, hormone levels,
enzyme levels, etc. [Anson, B. ].,
in Atlas of human anatomy (W. B.
Saundm Co., Philadelphia), 1951;
Williams, R. ]., Bioch~mical in­
dividuality (John Wiley & Sons
Inc., New York), 1956).

The nutritional needs of' an
organism are determined by the
characteristics of the metabolic
machinery it has inherited. This
is valid for different species like
rats, guinea-pigs, fruit flies, maize,
etc., and it requires no further
proof. The differences in the
nutritional needs of individuals
within a species of animals and
human beings was postulated by
R. ]. Williams. To test this
hypothesis in the light of the
above observations, the effect of
vitamin A deficient and other
deficient diets on different strains
of inbred rats and inbred mice
was studied [Williams, R. ]. &
Pelton, R. B.,. Proc. nat. A cad.
Sci., Wash., 55 (1966),126]. Four
different strains of male rats were
given white enriched bread and
their weight gain, water consump­
tion and life span were observed.
The weight gains ranged from 2

NOTES & NEWS

to 212 g., life span from 6 to 144
days and water consumption
(per day) from 10·9 to #·9 m!.
The deaths of the animals were
associated with different symp- Proaress Reports
toms. Similar inter-individual
differences were observed in mice. Central Mining Research

Station, DhanbadHowever, mice as a group showed
only 40 per cent mortality after The annual report of the station
147 days in contrast to rats. for the year 1963-64 covers in
These and oth~r experiments. brief the research activities of its
showed that although there is four divisions, viz. Mining, Venti­
some similarity between groups, lation, Health and Engineering.
the behaviour of a group of animals In realization of its aim of solving
does not reflect in any case how problems connected with mine
individuals within the group would working, explosion, health and
respond. Even among the rela- ventilation, a number of research
tively small number of animals projects of industrial and funda­
observed were those which thrived mental importance were taken up
unusually well on a diet, while during the year. Testing facilities
others on the same diet showed created at the station have been
unusual impairment. Different instrumental in the growth of
groups of rats were fed on vitamin flame-proof machinery industry
A for six months. Mortality was and mining equipment industry
very much higher in rats fed on in India, thereby saving foreign
deficient diets than other groups. exchange worth Rs 57 lakhs during
However, enormous inter-indivi- 1962.
dual differences were observed in Investigations carried out by
weight gain. Animals used in the Mining Division on hydraulic
these experiments were tested for stowing have been responsible for
fertility. Similar number of male improving the rate of sand stow­
rats given different diets for 54 ing in a coal mine from about
days sired litters when mated 30 tons/hr to over 80 tons/hr
with proven fertile females - 6out which, in tum, increased the coal
of 21 on deficient diet, 9 out of production of the colliery by over
23 and 6 out of 23 on diets supple- double its original production.
mented with 0·4 and 2·0 units During studies on mine working
of vitamin A per g. of diet respec- and mining methods, three new
tively. These results reveal the convergence recorders which are
uncertainty of the amount of versatile and facilitate more accu­
vitamin A requirement per indi- rate recording of convergence data
vidual animal. The human need than the existing ones have been
for vitamin A also appears fully developed. Further work to per­
uncertain. Mead, Johnson & Co. fect these instruments is in
offered for 13 years (1932-45) progress. With a view to finding
a $ 15,000 award to anyone who the effective working time for
would determine this n~ed. The each operation on a standard
offer went unclaimed. basis, a time study of the

In conjunction with individuality operations of (i) coal cutting by
in anatomy and physiology, indi- picks, (ii) loading' of coal into
viduality in nutrition has been tubs; and (iii) hauling out of the
established. Possessing about the tubs from the face up to the depot
same genetic pool (being highly has been made. For standar­
inbred) is by no means the equi- dization of the different mining
valent of being identical.. There operations further work is in
are unknown factors which control progress.
differentiation, and the extent to Investigations on the strata
which various differentiated cells control survey at a colliery indi­
proliferate. Thest: may make cated that for 1 mm. of conver­
possible, for example, the develop- gence, approximately 1 tonne of
ment of hirge or small thyroid and prop load increases at the mid­
comparable differences with respect position of the face and the rate
to the enti:e gamut of hormone- of roof convergence is maximum
producing and other cells, and during cutting and blasting.
probably play an important part The Ventilation Division which
in producing other cells, and pro- comprises (i) air flow laboratory,
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FORTHCOMING INTERNATIONAL SCIENTIFIC CONFERENCES

Place

Paris

Brussels

Amsterdam

Basel
London

Monaco
Dresden
Bombay

Milan

Turkey
Halle an der
Saale (GDR)

Vienna

Prague
Pittsburgh

Milan

New Delhi

Dresden
Amsterdam
We!lington

Vienna

A project on the study of the
keeping qualities of a certain type
of detonators under conditions of
storage at elevated temperature
(l20°F.) is in hand.

Announcement

• The Fifth Symposium Ott Ccm­
parative Endocrinology will be held
in New Delhi during 23-28
November 1967. The topics to be
discussed at the symposium are:
(i) Endocrinology of the Agnatha
and Protochordata; (ii) Endocrine
control of molting and pigmen­
tation; (iii) Endocrine control of
central nervous function; (iv) Com­
parative endocrinology of repro­
duction; (v) Adaptive mechanisms;
(vi) Thyroid; (vii) Comparative
phy>iology of p:'olactin; and
(viii) Comparative endocrinology .
of the invertebrata. The main
papers will be by invited speakers.
Further details can be had from
Dr M. R. N. Prasad, Department
of Z?ology, University of Delhi.
DelhI 7.

Conference

International Soil Water Symposium
Fifth International Coal Preparation
Congress

Symposium on Solid State and Chemical
Radiation Dosimetry in Medicine and
Biology

Symposium on Mines: Health and Safety
Symposium on the Physics and Chemistry
of the Crystal Surface

Symposium on the Standardization of
Radionuclides

Symposium on Chemical Methods in Fresh­
water Productivity Studies

Symposium on Limited Conditions of Tem­
perature and Pressure in Industrial
Chemistry

International Symposium on Phosphory-
lated Glucides

International Conference on Magnetism
International Plastics Congress
International Conference on Hyperfine
Nuclear Spectroscopy

International Colloquium on the Physiology
of Reproduction
I~ternationalC~nference~n Metal Finishing
Fifth InternatIOnal Remforced Plastics
Conference

Second International Conference on
Methods of Preparing and Storing Labelled
Molecules

Thirty-third International Foundry Con-
gress

International Colloquium on Oceanography
International Symposium on Fuel Elements
International Conference on Spectroscopy

Date

3-12 October
8-11 October

3-6 October
3-7 October

22-25 November
23-25 November

28 November to
3 December

4-9 December

3-7 October

10-15 October

10-14 October

16-19 November

12-13 October

December 1966
December 1966
9-18 Jan. 1967

13-15 October
17-19 October
17-21 October

12-14 October

0·001 in. Hg. In the modified
instrument, murcury, instead of
liquid paraffin, and a Vernier
scale are provided.

With a view to finding accept­
able standards of dustiness in
mines, over one thousand workers
have been examined radiologically
and clinically for pneumoconiosis.
The qualitative and quantitative
assessment of dustiness in Indian
mines was also carried out side by
side. The incidence of pneumo­
coniosis and a safe limit of dusti·
ness in Indian mines are being
assessed. .

Photoelastic patches with suit­
able photosensitive materials to
indicate approximately in tons
the amount of settlement pressure
due to the roof on the wooden
props have been developed by the
Engineering Division. These and
the reflecting cement so far
imported could be made in
the laboratory from indigenous
materials.

The effect of size on the crushing
strength of coal is under study.
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(ii) flame-proof laboratory,
(iii) mine fire laboratory, (iv) gas
analysis laboratory, (v) analytical
laboratory, and (vi) physics labora­
tory was mainly engaged in the
testing of flame-proof and other
mining equipments and in the
development and modification of
instruments in order to improve
ventilation and facilitate mine
air analysis. The carbon mono­
xide detector tubes manufactured
according to the improved process
worked out at the gas analysis
laboratorycan detect carbon mono­
xide from 10 to 100 p.p.m. by
volume.

An extensive study of the mode
of action of CO disappearance
from the sealed off districts and
the effect of various parameters,
such as pH, wetted mass of coal
bed, surface area exposed and
the nature of superincumbent
atmosphere have been made.
Investigations to analyse a gas
sample containing any amount of
combustibles without fractional
combustion have resulted in the
development of a new Universal
Gas Analysis apparatus which
can analyse CO iodometrically
with an accuracy of 0·008 per
cent and carry out combustion of
hydrogen and methane. The com-
bustion pipette is so designed as
to allow the analysis of even
explosive mixtures of gases with­
out any hazard of explosion.

Ventilation surveys consisting
of (i) pressure survey, (ii) quantity
survey, (iii) temperature survey,
and (iv) testing of surface and
underground fans were under­
taken in six coal mines and it has
been shown that only one-third to
one-sixth of the ventilation pres­
sure is available for the ventilation
of mine workers.

A study of the flow character­
istics through ducts has indicated
that for developing flow through
the duct, the duct length should
not be less than 30 times the
diameter after bends or restric­
tions, thereby suggesting the use
of orifice plates instead of Pitot
tubes, for the measurement of
air quantity flowing through the
duct.

Graham's apparatus, normally
used for pressure surveys of shallow
mines, has been modified to enable
measurement of pressure difference
of 10 in. Hg with an accuracy of
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FIRST GET·TOGETHER OF RESEARCH AND INDUSTRY
PUBLICATIONS

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

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

ADDRESSES AND KEY PAPERS
Pages iv+273 (24X16 em.) Price Rs 15.00 sh. 30 $ 5.00

WORKING GROUPS

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

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

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

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

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

6. Food, Agriculture, Agro-industries, Fish, Meat, Sugar, Tea, Coffee and Industrial Crops, Oilseeds, Edible Oils

7. Metallurgy, Iron and Steel, Non-ferrous Metals

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

9. Mining, Ores, Minerals, Geophysics, Oceanography

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

11. Energy, Coal

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

13. Aeronautical Engineering, Aircraft Structures, Material<;, Propulsion Systems, Aviation Fuel

14. Buildings, Roads, Civil Engineering Materials

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

Tlu Working Group publications are also prieed

Copies available from:

THE SALES & DISTRIBUTION SECTION
PUBLICATIONS & INFORMATION DIRECTORATE~ CSIR

HILLSIDE ROAD, NEW DELHI 12

J$I~ -OCTOIEA I'" A19



Rano_ include. :

.. VOLTMETERS. AMMETERS. G. P. O. DETECTORS
• RESISTANCE BOXES. P. O. BOXES. RHEOSTATS
• EXTERNAL SHUNTS. A.C./D.C. CONVERSION EQUIPMENT

AND ALLIED ITEMS.

~ ELECTRICAL INSTRUMENTS

MADE. SOLD & SERVICeD BY:

SEll & DE 16, GANESH CHANDRA AVENUE
CALCUTTA-13 • PHONE: 23-9588

BEATING MANTLES

• Simple or Universal (Multi) type.

• Operating at black-heat.

• Covers pretty good surface and more than one heating circuit, which
results in very uniform heating.

• Temperature control.

• Fits the flask singly allowing heating of flasks in different positions.

• Working on A.C. supply and attractively aluminium-finished.

AND
SERVICE

FOR

QUALITY

'QUICO' Modol SC/HM/I

PLEASE CONTACT:

UNIQUE TRADING CORPORATION

Gram: 'UNllA8'

Specialised for all sorts of ....boratory kequlsites and Authorised Distributors for
• WHATMAN • Filter Papers and 'CORNING' Laboratory Glassware

221 SHERIFF DEVJI STREET, BOMBAY 3 Pho..: 326227 & 316221

A20
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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. Electromagnet, Type NP-52

LARGER ELECTROMAGNETS MANUFACTURED TO SPECIAL ORDER

Manufacturers:

UNIVERSAL SCIENTIFIC COMPANY
32 PAREKH STREET, BOMBAY 4
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Cauvery Brand

STABLE
BLEACHING
POWDER
for

.textlle bleaching, .
• water purification,
.envlronmental sanitation

~l.q\
THE MmUR CHEMICAL &INDUSTRIAL CORPORATION LIMITED
Mettu. Oam II. S. Salem Oisc.
MllJlfJllo, 04,tots:
SUHAlAnl IIIOTHI"1 PIIIVATI UMITID

Announcing the publication of
Botanical Monograph No.4

INDIAN FOSSIL PTERIDOPHYTES
by

K. R. SURANGE
Director, Blrbal Sahnl Institute of Palaeobotany. Lucknow

All available information on Indian fossil plants belonging to different divisions of
the pteridophytes - Psilophyta, Lycopodophyta, Arthrophyta and Pterophyta - have
been brought together in this compilation. It deals In detail with the morphology
and taxonomy of the known fossils of Indian pteridophytes.

Royal Bvo, Pages viii+ll0 Price Rs 13.00; Sh. 46 or $ 8.00

A22

Copies available from:

Sale. " Distribution Seotlon
Publloatlons " Information Dlreotorate, CSIR

Hillside Road, New Deihl 12
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S. H. KELKAR & CO. (PRIVATE) LTD.
DEVAKARAN MANSION, 36 MANGALDAS ROAD

BOMBAY 2

Gram: 'SACHEWORKS', BOMBAY·DADAR

Manufacturers of

NATURAL ESSENTIAL OILS, AROMATIC CHEMICALS, RESINOIDS
& WELL-KNOWN 'COBRA BRAND' PERFUMES, USEFUL

FOR ALL COSMETIC & TOILET PERFUMES SUCH
AS HAIR OILS, BRILLIANTINES, SOAPS,

AGARBATTIES, FACE POWDERS, ETC.

FOR SAMPLE AND PRICE, PLEASE WRITE TO THE ABOVE ADDRESS

AJANTA
GRAPH DATA SHEETS

for

RESEARCH & COMMERCIAL GRAPHS

Scaled for

• DAILY, WEEKLY AND MONTHLY CHARTS • LOGARITHMIC PAPERS

• FREQUENCY PAPERS • POLAR GRAPHS • SMITH POLAR CHARTS

• TRIANGULAR PAPERS • PROBABILITY PAPERS, ETC. ETC.

Please contact:

CHHENNA CORPORATION
P.O. BOX 1728 7/23 DARYA GUNJ .

DELHI 6

Phone: 272426 Grams: GRAPHMAKER

ISI~-OCTOBE~ \966 A23



S:CIENTIFIC INSTRUMENTS &. EQU~PMENTS
FOR

EDUCATION. RESEARCH & INDUSTRY

·RESEARCH, STUDENT & DISSECTING MICROSCOPES

• MICROTOMES • pH METERS • PHOTOELECTRIC

COLORIMETERS • OVENS • INCUBATORS • WATER

BATHS • ANALYTICAL BALANCES • LABORATORY

GLASSWARE • PORCELAINWARE & SILICAWARE

• PHYSICS INSTRUMENTS

A24

DISSECTING MICROSCOPE

INTERNATIO.NAL AGENCIES
79 GHOGA STREET. FORT. BOMBAY I

Gram: 'SCIENAPP' • Phone: 325375

CO·RN ING :RAND

LABORATORY· GLASSWARE
,'." . '. :.,'"

manufactured by

BORQSIL GLASS WORKS LTO., BOMBAY

available from ready" stock
:.. .'

APPOINTED ACCREDITED STOCKISTS & DISTRIBUTORS

LABORATORY· FURNlSHERS
DHUN MANSION, la6C VINCENT ROAD, DADAR, BOMBAY 14

Tel: 44276\

Branch Office: Kapasia Bazar. Ahmedabad 2
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In laboratories and industrial plants. for analysis and process control. and in a host of other
.pplications. these indicator papers are in continual use. They are the quickest and handiest
means of making pH checks 'on the spot'. the paper covering the appropriate range simply
b.ing dipped into the test solution; the colour which develops is compared with the standards
.hown on each book, It is often an advantage to use B.D.H. Wide Range pH indicator papers'in
the first Instance. followed by the appropriate Narrow Range papers for an accurate pH dete(mi~

netlon. Where both the Wide Range and Narrow Range papers are in use the B.D.H. Multi·
Renge package Is very convenient.

B.D.H. Narrow Ranga Indicator Papers 0 B.D.H. Wid. Range Indicator Paper.
B.D.H. Multi·Rlnga Indicator Paper. 0 B.D.H. litmus Papars
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@ Laboratory Chemicals
British Drug Houses (India)
Private Ltd.•
Laboratory Chemicals Division.
8 Graham Road. Bombay 1
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Central Glass &
Ceramic Research Institute
Bulletin

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

allied sciences and industries

For full particulars write to

THE EDITOR. BULLETIN

CENTRAL GLASS. CERAMIC RESEARCH INSTITUTE

JADAVPUR. CALCUTTA n. INDIA

Just Issued

SOME IMPACTS OF AVIATION

by L. A. Bryan

llAlN AND THE DEVELOPMENT OF THE
HUMAN PERSON

by J. C. Eccl..

Vol. XVI (l966). No~ 2

A NEW LOOK IN METEOROLOGY: THE WORLD
WEATHER WATCH

by K. Lanllo

NATIONAL SCIENTIFIC OBJECTIVES
AND THE ORGANIZATION OF SCIENCE IN GHANA

by J. Yanney Ewulle

PLACE DE FONTENOY. PARIS 7.

Send subscrIptIons to:

BOMBAY· CALCUTTA. MADRAS

• BOOK REVIEWS

• BIBLIOGRAPHIES

• ORIGINAL ARTICLES ON SCIENCE
AS A SOCIAL FORCE

IMPACT!
Unesco's quarterly magazine for
those whose Interest Is the
understanding of science and the
Improvement of social conditions.

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
••.'•••••
•
••••
•••
••'.•
•
: Annual subscription: $ 2.50 13/- stg 9 fro
: Per copy: $ 0.75 41- stg 3 fro
•••••: ORIENT LONGMANS LTD.
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
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Safe & Dependable
INdECTABLES

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

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

• RETICULIN - A potent Extract of Liver
• HEXOPURIN - An Urinary Antiseptic
• CALCITOL -Injectable Calcium Gluconate
• BEVITAMIN -Injectable Vitamin B1 .

• CEVITAMIN -Injectable Vitamin C
• GLUCOSE SOLN -Injectable Pure Dextrose

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

Sellin, Arenll:
·Heun Khatau Valabhdu a co., lombay Ha.n Karnatak a Deccan A.enela, Hubll

H...n Ventlax, 5ecunderabad I

1.- 'CORNING' BRAND

CONICAL OR PHILIPS BEAKERS
Highly resistant to the chemical attack of water and almost every acid,
In the general working range of temperature. Withstand repeated'
sterilization, wet or dry.

Now available for Immediate delivery. Sizes: 150 mi. and <400 mi.

Other 'CORNING' Brand Glassware such as Low Form .Beakers, Flasks, Test Tubes, etc.,
are also available from stock. Price List on request.

DISTRIBUTORS

B. PATEL & COMPANY
27/29 POPATWADI, KALIADEVI ROAD, BOHBAY 2

'CORNING' BR"'ND LABOR...TORY GLASSW...RE Is now manufactured In India In active collaboration with a
world leader In Class: CORNING GLASS WORKS, CORNING. N.Y., U.S.....

ISIII.-ocT08EII. '96' A27



Paper Chromatography Implements by
VEB OLASWERKE ILMENAU

available ·from stock

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

2. Chropa drying Implement for quick drying of chromatographs at
various temperatures. Cat. No. 005

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

4. Special Chropa Sprinkler. .Cat. No. 006

·PHARMA TRUST
114 Princess Street, Bombay 2

IODED SClEmrIC IIsnwn
COIPID

48A/4I. SADASHIV CROSS LANE

BOMBAY 4

*
Direct Importers & Stockists of

•PYREX' Brand
Laboratory Glassware and

Apparatus

*
~anufacturers of

•MODERN' Brand
Laboratory Equipment
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SHABNAM
PLISTIC OILYTICIL BILDCE

coms
HELP KEEP YOUR

LABORATORY 8ALANCES

FREE FRO~ DUST AND STAINS

AND ADD GLM10UR TO YOUR LABORATORY·

Available in Beautiful Clear Plastic
at Rs. 11.50 each

(They are cheaper 2S per cent by the dozen)

Manufacturers:

OCEANIC INDUSTRIES
(INDIA) PRIVATE LTD.

1·2 PRESIDENCY COURT
55 GARIAHAT ROAD

CALCUTTA"



BLUE STAR

HONEYWELL
1706

VISICORDER

jSIR-QcrOBER 1966

The lowest priced ultra-violet oscillograph tor
simultaneous recording of' a number of fIIp'd
changing variables.

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

* 4 to • recording channels

* DC to 5000 cis response

* a paper speeds: 8 to aoo mm/sec

* Built-In timer: 0.1 and 1 sec

* Drop-In paper loading

Other Honeywell oscillographs
available from 12 to 36 channels,
DC to 13,000 cis response. over
5O,ooo",sec writing speed: The
J6·channel 1612 and UV31 are
the most sophisticated Instru­
ments in the line. The 1108 is 1/

highly capable 24-channel model
• The 1508 is a compact 24­
channel instrument that takes
only 7" of vertical space in a relay
rack and is I/Iso suitable for
bench use. The 906 and the
2,500 handle 14 and 12 channels
respectively.

Honeywell
Sold and serviced In India exclusively by

~
eel complele IItlo/1s (,om BLUE STAR tJ(fictl 01:
Connaughl Hou... Connaughl Circus. New Oalhl t
Band Box Hous., Annie Besanl Rd., Bombay 1.
7 Har., Str••t, Calcutta 1 .
23/24 Second Line Beach, Madras 1
1B Kals.r Bungalow, Olndll Road. oJamlhadplll'

, 14/40 Civil Lin.., Kanpur
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LnBOR

Reliable operation
Solid construction
Sim pie attendance

Laboratory Instruments from VEB Labor­
technik IImenau are reliable and indis­
pensable aids in solving the problems
arising in science, research, operation and
quality control. They cover the following

main groups:

VACUUM TECHNIQUES

ANALYSIS TECHNIQUES

DEIONIZING PLANT

ORDINARY LABORATORY
INSTRUMENTS

VEB LABORTECHNIK ILMENAU/ THURINGEN
German Democratic Republic

AGENCY:

DOUBLE STAGE ROTARY VACUUM PUMP. TYPE Z·)O

UNIVERSAL SHAKING MACHINE

IONIZATION VACUUM GAUGE. TYPE IVM 04

INCUBATOR. TYPE BS 62

A30
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TYPE T 24 TYPE 560 TYPE VAC 60

"'ANETZKI
CENTRIFUGES
a synonym for quality!
for medical, chemical and
biological laboratories

-25'C

-IS'C
-22'C

-B'C

K60S
1250 cal/h
K60

-20'C

±O'C

±O'C
-2'C

max. 60,000 r.p.m.
max. 300,000 C

max. 2600 I
max. 4000 e
max. 21,500 I

max. 3500 r.p.m.
max. 4500 r.p.m.
max. 16,000 r.p.m.

500 cal/h

5 X10-l Torr

Preparative ultracentrifuge
Type VAC 60
Routine speed
Field of luvitation
Vacuum in the rotor

chamber
M!nimum temperature
in the rotor chamber

Cooling centrifuge Types K 60 and
K 60 S (similar to Type 5 60)
Type K 60 with coolinl
allr"ate

Type K 60 5 with cool­
i n, Illreeate

Minimum temperatures
Rotor freely swineine
4xl000 ml
4x250 ml

Anele rotor
8x250 ml and
6x500 ml

Hieh-speed attachment
Rotor 6 X20 and
12xl0 ml

Rotatinc speed
Rotor freely swineine
Anele rotor
Hieh·speed attachment

Field of eravitation
Rotor freely swine inc
Anele rotor
Hich·speed attachment

max. 2600 &:

max. 4000 &:
max. 21.500 &:

mu. 6000 r.p.m.
max. 6500 r.p.m.

max. 2000 I
max. 3250 g

max. 5600 &:
max. 5800 I

max. 3400 r.p.m.
max. 4800 r.p.m.

max. 16,000 r.p.m.
max. 21,500 e

max. 3500 r.p.m.
max. 4500 r.p.m.
max. 16,000 r.p.m.

Rotatine speed
Rotor freely swineine
Anele rotor
Hieh·speed attachment

Field of eravitation
Rotor freely swineine
Anele rotor
Hieh-speed attachment

Rot.tina: speed
field of ,ravitaticn

Rotatinc speed
(4 x 100 mil
(6x 100 mil

Field of Zr&vitation

(4x 100 mil
(6X 100 mil

Rotor freely swinel",
An,le rotor
Field of ,ravitaticn

Rotor freely swin,i",
AnC1, rotor

Laboratory table centrifuge
Type T 23

Stand centrifuge Type S 60

Laboratory table centrifuge
Type T n

Laboratory table centrifuge
Type T 24

max. 60400 r.p.m.
max. -4Soo I

max. 16,000 r.p.m.
max. 20,000 r.p.m.

max. 3200 r.p.m.
max. 1200 g

centrifugeLaboratory table
Type T 20
Rotatina: speed
Field of zravitation

Laboratory sugar centrifuges
Type TZ I
Routine speed 2900 r.p.m.
Field of aravitation 510 ,

Micro-haematocrite centrifuges
Type TH I
Rotatin, speed of
Humatocrite rotor
Microrotor

Field of ,raviution
Haematocrite rotor max. 18,500 &

Microrotor max. 18,000 I

Laboratory table centrifuge
Type T 4
Routine speed
Field of In,vitation

Messrs Heinz Janetzki K.G.
Lei pzig

AGENTS

MESSRS K. LAL BHAKRI
P.O.B. 487, New Delhi, India
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Announcing the publication of

ILLUSTRATIONS TO THE FLORA OF DELHI
by

DR. J. K. MAHESHWARI

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

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

Pages 182+xx, Royal 8vo

*

Price Rs 18.00, Sh. 56, $ 8.00

FLUIDIZATION AND RELATED PROCESSES
A Symposium

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

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

Pages xii+2n, Royal 8vo, Rexine bound Price Rs 24.00, Sh.48.00, $ 8.00

A32
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'BASYNTH'VACUUM PUMP
MULTI-COUPLINGS OF OIL-SEALED ROTARY PUMPS

FOR OPERATION IN LIMITED SPACE IN ONE HOUSING WITH COMMON DRIVE

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

ProCfeuiv./8SC-8

Manufactured by BASIC & SYNlHETIC CHEMICALS PRIVATE LIMITED
:2 5, E A 5 T R 0 A D. J A D A V PUR. CAL. CUT T A • 3 ~

Precision Balances
from
OSCHATZ
Dependable and approved aids in Institutes,
training centres, at numerous workbenches
in large companies, and fo r efficient service
In small laboratories.

The series OWA-LABOR 70S is designed for
precision weighing of loads up to 200 g
and is employed to determine unknown
weights and for co mparlson weighing.

VEB
OSCHATZER VVAAGENFABRIK
716 OSCHATZ/SAXONY
GERMAN DEMOCRATIC REPUBLIC

AGENTS

MESSRS K. LIL BRIKRI
P.0.8. 487, New Delhi, India
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Leitz

Hardness Tester: MINILOAD
Load range from 15 gm to 2000 gm

The instrument is particularly well adapted to

testing small parts, thin strata, and foils. By
reason of its spotting, certainty measurement can

be made on the cutting edges of tools, on watch

wheel· spindles and on needle points.

Within the field of engineering the characteristics of material from which an object is made are of
paramount importance.

One of the most instructive testing process is hardness testing; for the hardness value permits important
conclusions regarding the workability and wear resistance of materials, thus placing the relationship of
supplier and user on an objective basis. Of a number of such testing, methods which have been devised,
the Vic~ers Hardness Test has come widely into use because it embraces the technical hardness range
and offers a number of decisive advantages as compared to other methods of testing.

The latest model 'Miniload ' has opened further field' of applications:
• Hardness test on any thread flanks (minimum pitch 0.3 mm) or of other sites which are difficult

to reach with special device for thread testing.

• The MINILOAD·POL permits the optlcal alignment of anisotropic objects and subsequent hardness
tests. For this version, too, a special microscope tube with a hardness testing device Is available.

• With a ma~net base the MINILOAD can be placed directly on the work piece (e.g. rollers).

For details please write to:
SOLE DISTRIBUTORS

THE SCIENTIFIC INSTRUMENT COMPANY LIMITED
ALLAHABAD BOMBAY CALCUTTA MADRAS NEW DELHI

Head Office: 6 Tej Bahadur Sapru Road. Allahabad
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lJur.rhtlne

GLASS WORkiNG
BURNER with
THI\EE chanIn

LABORATORY
burners

[I
PRODUCT

TFClU
BURN!:"
w.th Cock
f;~. JA

neLU
BURN(R
No. j

,
---L L- L- r'

MEDIUM
TYPE w'lh
G.lu!t Top
ilnd Cocl~

No.2A

MEDIUM
TYPE .... ilh
G.ure Top
No.2

SMALL
TYPE with
Cock. No.IA

SMAlL ~
m"., m

£

==E
c
Q.
~

Please contact your nearest burshane dealer
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For Controlled Temperature and Humidity

USE THE Gallenham~
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:

• BASIC OVEN

(a) Controlled temperature and humidity, continuous operation. (b) Controlled temp.rature only, with no added
mOISture. (c) Controlled temperature at saturation.

• WITH TIME SWITCH
During a 24 hour (or other specified) period the ov., heats to the desired conditions, as a. b or c above, remains at
th.se conditions and then cools towards ambient conditions for the remainder of the period.

• WITH WATEII SrllAY COOLEII
Oven cools more rapidly and remains at saturation during cooling period.

• WITH FIIESH AlII INJECTION

Oven humidity can be reduced rapidly and minimum attainable humidity is reduced.

• WITH IIEFIIIGEIIATION
Oven can be operated down to O°C subject to ambient te:nperature limitations.

• WITH ULTIIAVIOLET LAMr
The weathering effeot of sunlight under various conditions of temp.rature and humidity can be simulated.

• WITH AUTOMATIC PIIOGIIAMMING SYSTEMS
The oven will rtproduce automatically the cycles of temperaturf and humidity preset on the controls. The program­
ming systems available vary in complexity from a simple time switch '.hrough complex switching systems as used for
th. ISAT series to complete programming of both temperature and humidity.

Ask for details

ACCREDITED
AGENTS

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

Printed and published by Shri A. Krishnamurthi. Publications & Information Directorate. Council of Sci~ntific &

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

Regd No. PT-842
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