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HEWLETT PACKARD

Comparison proves
the hp 175 is your best 50 mc scope. Buy ! Unmatched !

Measuring performance and value are yours with the 175A 50 mc Oscilloscope. First, many of its performance ca~abilities
are exclusive and not available from any other soope manufacturer. Second, the 175A offers a dual plug-In versatility that
means it can do more tasks for you than single plug-in scopes. Compare the 175A with other scopes. consider performance
and versatility versus cost, you will find your best all-round buy in the hp scope.

For example, the high performance 1755A Dual-channel Vertical Amplifier offers these sensitivities: I mv/cm at 20 me
bandwidth,S mv/cm at 40 me or 10 mv/cm through 5 V/cm at SO me. Features include A·j B operation, differential A+ B
use for common mode rejection, a sync amplifier for triggering on channel B input.

Or for economy performance, the 1750B Dual Trace Amplifier offers 50 mv/cm to 20 VIcm sensitivity, de to 50 me
(7 n sec rise time). It lets you trigger on channel B input too.

Now compare the horizontal plug-in flexibility of the 175A: The 1784A recorder plug-in permits permanent records of
waveforms. It's easy to operate. Simply push a button to record. And it is economical too. You can make 20 record­
ings for the cost of one photograph. Other horizontal plug-ins include a scanner for large tracer recordings on an external
recorder, sweep delay operation, and time markers.

Other vertical plug-ins include a 50 me single-channel unit, a 5 mv/cm differential amplifier, a high gain amplifier and a
four channel plug-in with 40 me bandwidth.

Compare performance versus cost of the 175A with any other available scope or combination of scopes.

For details please write to:
SOLE DISTRIBUTORS !

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

Head Office: 6 Tej Bahad:u'T is..pIlY· R~at!, Allahabad
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At what load did this
concrete sample really fail?

&olltest portable concrete tester. top right, Incor­
porates a 2-speed concentric-piston pump which
automatically shifts from fast initial load develop­
ment to a slow-speed high·pressure operalion.
Portable models are readily conv~rted from
manual to motorized operation. The large, easy­
to-read pressure gauge has a knife-edge poinler
and 8 maximum load pointer. Wide opening
between uprights makes sample loading easy.
The Soilte.' dual console te.ler. 250.000 pound
capacity. is shown at lower right.

At whatever load the dial on the
Soillest concrete tester indicates it
failed-it did! (The sample photo­
graphed above failed at 6,400 psL) Each
tester is accurate within 1% of indi­
cated load; you get a calibration cer­
tificate to prove it. Year after yem you
will be able to trust its readings. You'll
find it's easy to maintain thi's iniiial
accuracy. You can quickly disassemble­
the gauge, pump, hydraulic loading
head, and platen for convenient on-site
recalibration and cleaning.

These compact, hand- or- power.
operated units are designed and bUIll
for continuous, heavy-duty use 10
verily that mix design will meet con·
struction specifications. Choose from
portable or console models in capaci·
ties from. 200,000 pounds to 400,000
pounds, Metric calibration is optional.

A worldwide network of sales repre­
sentatives can supply you with Soiltest
portable or console mode:J.

SOLE SElliNG AGENTS:

KACHEIU "OAD
AJHEIl.

196 JAMSHEDJI TATA ROAD, BOMBAY I

.Branches:
'SA SAlIlAT BOS!! ROAO

CALCUTTA 26

TOSHNIWAL BROTHERS
PRIVATE LIMITED

SDilTEST, INC. ROUND TANA, HOUNT lIlCAD I lEI' JHANDEWALAN EY.TN.
,-_~ =_~_~HACIilAS._' i--__H_"_'_O_'L_"_'_' .-J
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HONEYWELL
1706

VISICORDER

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

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

* 4 to 6 recording channels

* DC to 5000 cIs response

* 8 paper speeds: 6 to 800 mmlsec

* 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
50,000"/sec writing speed: The
36-channel 1612 and UV31 are
the most sophisticated instru­
ments in the line. The 1108 is a
highly capable 24-channel model

• The 1508 is a compact 24­
channel instrument that takes
only r of vertical space in a relay
rack and is also suitable for
bench use. The 906 and the
2,500 handle 14 and 12 channels
respectively.

Honeywell
Sold and serviced in India exclusively by

BLUE STAR

Cel complete deloi/. from BLUE STAR o/!ices ot:
Connaught Hou••• Connaught Circus, New Oelhl t
Band Box Hou•• , Annie Besant Rd., Bombay 19
7 Hare Street, Calcutta 1
23/24·Second Line Beach, Madras 1
18 Kaiser Bungalow. Oindli Road, tJamshedPut
14/40 Civil Lin••• Kanpur

/
/
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EL~~TNR3~b~II~ITY ~
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

A6

Self·balancing Conductivity Indicator

Soil Moisture Meter

\

_'NS"[RUMENTS\'NC.

CEDAR GROVE O~ERATIONS

Sold and serviced in India exclusively by

t!J

Solu Bridge Conductivity Meter

Portable Conductivity Recorder

G,t complete detoils (rom BLUE STAR o/fices ot:
Connaught House, Connaught Circus, New Deihl 1
Band Box Hou.e, Annie Besant Rd., Bombay 18
7 Hare Street, Calcutta 1
23/24 Second Line Beach, Madras 1
18 Kaiser Bungalow. Oindli Road, Jamshedpur
14/10 Ci"i1l.lnes, Kanpur

.::>',
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THE INTERNATIONAL
CHEMICAL INDUSTRIES

103·8. UPPER CIRCULAR ROAD
CACHAlYA PRAFULLA Cf-/ANORA ROAD)

CALCUTTA·'

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

FronB Ready stock

SCIENTIFIC SALES SYNDIC!TE

Tele&rams: CENTROFIX

BIOLOGICAL ITEMS

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

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

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

Silicaware, Porcelainware, Filter Papers,
etc.

Telephone: 29160

• Calibrated pulse height discriminator

• Scale-of-64

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

• Facility of audio monitoring of counts

• Halogen quenched G.M. Counter

G. M. COUNTER

incorporating

*
Other Prod ucts

• Bridge oscillator

• Stabilized power supply

Vacuum tube voltmeter

Cathode ray oscilloscope

• Co-axial and rectangular connectors

• Hermetically sealed transformers

• Microwave components (under colloboration
with N.R,D.C. Process developed at the Central
Electronics Engineering Reseorch Institute,
Pi/ani)

mm GRAM: : 'ASHACOM' PHONE: ll8SS

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

111111 OF ALL TYPES

f~1t:t~r~~~~~=: -, ..-~-

6 M,"~;:~,""d by
SCIENTIFIC EQUIPMENT

MFG. CO.
An associate of

CONTACT

AR"'UNA ELECTRONICS
Private Limited

BASHIR BAGH, HYDERABAD I (A.P,)

Grams: MICROPULSE • Phone: 381-41

ASHA SCIENTIFIC CO.
DIRECT IMPORTERS & MANUfACTURERS' REPRESENTATIVES.

503, GIRGAUM ROAD. BOMBAY 1.

Inte/~h~ngeable Laboratory
Glassware 'Our Specialit/

mm
WE SUPfLY_:.:.C.OMPLI~JEP: ,~E~EA~.~I:! APPt-MT.US

AS .. '
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Cauvery Brand

STABLE
BLEACHING
POWDER
for

.textile bleaching,

.water purification,

.environmental C:lnitation

THE METTUR CHEMICAL & INDUSTRIAL CORPORATION LIMITED
Mettur Oam R. S. Salem Ditt.
Ma"aging Agems:
SESHASAYEE BROTHERS PRIVATE L1HITED

CklTUJON·HC·l10

e PHOTOELECTRIC,
INSTRUMENTS

COLORIMETERS • FLAME PHOTOMETERS
TITARATORS • CHLORIDE METERS. ABSORPTIOMETERS
BLOOD CELL COUNTERS. PROTHROMBIN METERS
OENSITOMETERS • FLOURIMETERS • SPECTROPHOTOMETERS
OPACIMETERS • HAZE METERS. REFLECTOMETERS • PHOTOMETERS
ELECTROPHORESIS APPARATUS

d. T. dAGTIANI
National House, 6 Tulloch Road, Apollo Bunder, Bombay 1

. .
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Announcing the publication of

FLUIDIZATION AND RELATED PROCESSES
A Symposium

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

Contains twenty-seven papers distributed under five sections: (i) Fundamental Measure­

ments (2 papers). (ii) Physical Interpretation and Momentum Transfer (9 papers), (iii) Mass

Transfer in Fluidized Beds (3 papers), (iv) Heat Transfer in Fluidiz~d Beds (5 papers) and

(v) Chemical Reactions in Fluidized Beds (8 papers).

Pages xii+272, Royal 8vo, Rexine bound

*

Price Rs 24.00, Sh.48.oo, $ 8.00

Botanical Monograph No. 4

INDIAN FOSSIL PTERIDOPHYTES
by

K. R. SURANGE
Director, Birbal Sahni Institute of Palaeobotany, Lucknow

All available information on Indian fossil pteridophytes has been brought together in this

compilation. It deals in detail with descriptions and taxonomy of fossils. Useful for

students, teachers and research workers in palaeobotany.

Pages viii+210, Royal 8vo Price Rs 23.00, Sh.46 or S8.00

AIO

Copies available from

Publications & Information Directorate, CSIR
Hillside Road, New Delhi 12
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Guaranteed Reagents for Analytical Use
Fine Chemicals for Scientific and Industrial Use

BIOCHEMICALS

Amino Acids and Derivatives

Peptides and Derivatives

Enzymes

Nucleoproteids

Purines

Inorganic and Organic Chemicals

Indicators and Stains

TetrazoJium Salts

Photochemicals

Radiochemicals

Carbohydrates

•Selecton' Reagents for Chelatometry

REANAL
Factory for
Laboratory Chemicals

BUDAPEST

Export by

MEDIMPEX
Hungarian Trading
Company for
Pharmaceutical Products

BUDAPEST 5 • P.O.B. 126

HUNGARY

AGENCY

N. G. MEHTA, 64 Mahavir Building, Matunga (C.Rly), BOMBAY 19

All



TOWA-INDIA'S ANOTHER FIRST
CLEAR AND LUMINOUS IMAGE
MAGN IFICATION UPTO 400
An ideal instrument for demonstration

MICRO
PROJECTOR
MODEL· TWMP

AIIO the.e Microscopes:
e STEREO BINOCULAR
e METALLURGICAL

e BINOCULAR RESEARCH
e MONOCULAR RESEARCH and MEDICAL
e MONOCULAR STUDENT

e DISSECTING
Manufactured by :

TOWAopncs (INDIA) PRIVATE LTD.
in collaboralion with rOWA - Japan
Regd. Office: 4, Daryagani, Post Box 1685, Delhi.S

Branch Office: 33, Sembudoss Street, Madr••·t

SCIENTIFIC INSTRUMENTS & EQUIPMENTS

RESEARCH MICROSCOPE

:'\12

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

INTERNATIONAL

AGENCIES -I'
79 GHOGA STREET, FORT, BOMBAY I

Gram: ' SCIENAPP , Phone: 251753

SP/lnt.1
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• Micro beam condenser

• Cooling chamber up to 145°C

• Specimen heating up to IOOO°C

ELECTRON MICROSCOPE

for universal application in Biology, Medicine.
Mineralogy, Metallurgy

Electron Microscope SEM 3-1
is a three-stage transmission microscope

with electromagnetic lenses

1000 ... 100,GOO fold
(eleven-staf;e)

1.5 mm

40, 60, 80 and 100 kV

Electron-optical
magnification

Resolving power

Beam voltage

EQUIPMENT

VEB WERK FUR FERNSEHELEKTRONIK
116 BERLIN-OBERSCHONEWEIDE, OSTENDSTRASSE 1-5

GERMAN DEMOCRATIC REPUBLIC

AGENCY

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

.
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AU

PRIME
EQUIPMENT

FOR THE
PRIME

INDUSTRY
Iron and steel making
is the prime industry

of the world's
most advanced countries.

We supply equipment
of prime quality

for steelworks ..•
all made by

the world renowned
German firm of

PINTSCH BAMAG.

CBML.30

• Rolling Stock. Cranes & Lifting
Magnets. Water Conditioning
Equipment. Inert Gas· Plants

Pintsch Bamag,AG.,West Germany
Sales Representatives:

MOTWANE
PRIVATE LIMITED
127 Mahatma Gandhi Road. Post Box No. 1312 Bomba,;,-'
Pnone: 252337 Grams: 'CHIPHONE' alt offices· Branch...~

. New Delhi, Calcutta, Lucknow, Kanpur, Madras and Bang,lor••
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COlour .. e'h
el1J

Colour-Chern CO .
When you see the thrilling world of man·
made colours around you- spectacular prints
on your fabrics, colourful inks in your
magazines, pleasing paints in the interior
of your home, fascinating tapestry and the
attractive furnishings of your drawing room,
plastic balls in the hands of your children­
remember that COLOUR·CHEM, India's
leading makers of Pigment Colours, is very
much a part of your daily life.

'SIR-JULY 19~

everywhere!

Backed by /00 years 01
GI'I'maJI experience
COLOUR·CHEM LIMITED
221, Dadabhoy Naoroj; Road,
Fort, Bombay-l
In direct participotlon with:
FARBENFABRIKEN BAYER AO.. ~

Levertusen, W. Germany ,
FARBWERKE HOECHST AG., e
Frankfurt, W. Germany Ii

A15



ATOMIC ABSORPTION --- - --
~C"~~~~~N

t ! ii1~-_.
SPECTROM ETER m

0

~
=cum FLAME _£.. ®' @~

for precise and rapid measurement of very low
.~.

13 [3

concentrations of metallic elements

IN INDUSTRY
for the

IN MEDICINE ..
determination

IN AGRICULTURE

of
trace metal impurities in
metallurgical samples.

trace elements in industrial

electrolytes.

Ca. Fe. Na, K in cement.

Cu. Fe, Ni, Pb in c;talytic feed
stock (petroleum).

wear me:,ls in lubricating oils.

alkali and alkaline earth metals
in body fluids and animal tissues.

trace metals (Fe, Cu, Pb, Cal in
blood; Pb, Ni in urine.

heavy metal pollutants in air
and water.

Sold and Serviced In India by

Na, K, Zn, Fe, Sr, Mg and other
elements in plants; metal dis­
persion in leaves.

micronutrient metals in soils.

heavy metal traces in feeds and
fertilizers.

nutritional metallic elements In
animal feeds.

metals in hydrophonlc solutions.

IRIC INDUSTRIAL & RESEARCH INSTRUMENT CO.
02 COMMERCE CENTRE, 74 TARDEO ROAD, BOMBAY·34.

EBERT 3.4 METER PLANE GRATING SPECTROGRAPH
for

CHEMICAL ANALYSIS

A16

OR
PHYSICS RESEARCH

World's most advanced
spectrograph, commercially
available

• Extreme simplicity of
operation (can be used and
interpreted by novices)

• Very high dispersion and
resolution at utmost flexibility

• A Photographic Spectrograph,
easily convertible into a Direct
Reading Spectrometer

Sold & Serviced in India by:

..-:wn INDUSTRIAL
~ 02, COMMERCE

& RESEARCH INSTRUMENT CO.
CENTRE,74 TARDEO ROAD, BOMBAY·H

,ISlR-jULY 1966



New Publications

Indian Scientific & Technical Publications
196o-6S-A Bibliography

Rehearses 4492 books, and 768 periodicals and reports on scientific and technical

subjects in English and Indian languages, published in the country during 1960-65.

Contains Author and Subject Indices for the Books. Also gives a list of Pub­

lishers with their address.

Pages xii+ 284; Royal 8vo Price Rs 18.00 ($ 6.00 or 36 sh.)

Nucleic Acids: Structure, Biosynthesis
and Function

Contains 31 papers pertaining to structure, biosynthesis and function of nucleic

acids, presented at an International Symposium on Nucleic Acids held at Regional

Research Laboratory, Hyderabad, during January 16-24, 1964.

Pages xi+361; Royal 8vo Price Rs 20.00 ($ 6.00 or 40 sh.)

A17

Copies available from

The Sales & Distribution Officer
Publications & Information Directorate, CSIR

Hillside Road, New Delhi 12

-~._--------------------. '.
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MICROSCOPES
and

MICROTOMES
for

Research
and

advanced
Teaching

S~le5 & Service Centres throuchout the world!

~
~

Compact-Elegant-Versatile- Novel Equipment:

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

Specialities:
"Polyphos" condenser for variable illumination for phase contrast,
dark and bright field,"Binolux" Mercury Illuminator for contrast fluorescence­
Combination of phase Concrast and fluorescence.

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

Sold and Serviced in India by:
Exclusive Agents and Distributors

NEO-PHARMA INSTRUMENTS CORPORATION
Kasturi BJdgs., v, Tata Road, BOMBAY-1.

Technical Service Offices: CALCUTTA-DEL.HI-MADRAS



BOROSIL

NOW OFFERS

CORNINO®

BRAND

BEAKERS AND FLASKS
LOW & TALL FORM

UPTO 2 LITRE CAPACITY
RB., F.B., & CONICAL

UPTO 20 LITRE CAPACITY

FILTER FLASKS
HEAVY WALL

DISTILLATION FLASKS

STORAGE BOTTLES
NARROW MOUTH, WITHOUT STOPPERS

UPTO 20 LITRE CAPACITY.

Manufactured by:

BOROSIL
BOROSIL GLASS WORKS LTD.
CHOTANI ESTATES,
PROCTOR ROAD, BOMBAY-7
Phone: 71166
Grams: 'BOROSIL·

Branches

8/9 THAMBU CHETTYSTREET,
MADRAS-1.
Phone: 23775
Grams: 'BOROSIL

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

4 CANAL WEST ROAD,
CALCUTTA-15

CORNINO@ is Registered Trade Mark of Cornln& Glass Works, New York U. S. A.

Al<
,;PECI......-::-~=~------------------- -I
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Two stage, Rotary Vacuum
Pump, suitable only for
power drive through V-Belt,
mounted on c.1. Base Plate
with Electric Motor.
·Ultimate no-lead Vacuum:
0.005 mm. of Mercury (Mc­
Leod Gauge) with closed
Ballast& 0.5 mm. of Mercury
with open Ballast.

1
OTHER AVAILABLE MODELS
* DRY/20 * SSRP/20 *TSRP/20
* SSRP/30 * TSRP/30
* SSRP/50* TSRP/50* DRY/loa
* DRY/80 ,. SSD/150
,. TSRP/150 * SSRP/325
* TSRP/325 * SSD/750

Also (ive items of Vacuum
Accessories-
Moisture Trap, Type: MT/30 &.
MT/50 * Non·return Valve.
Type: NRV/30 &. NRV/50
* Surface Plate, Type: RSP/20

BASYNTH-

1r~~[P)lir~

ROTARY
~VACUUM

PUMP
OIL SE~LE.D TYPE

Manufactured by

BASIC & SYNTHETIC CHEMICALS PRIVATE LIMITED
25, EAST ROAD * JADAVPUR * CALCUTTA·32

ProlreuiY'/8SC~)

INCUBATOR (Bacteriological)
'Max_ temperature attainable 70'C. 'Adjustable
compartments *Replaceable heaters *Gravity
convexion currents for free circulation of air
*Double chamber. with thick hea.t insulation in
between *Variable temperature w th temperature
control sensitivity ± 1°C. *Double door, inner
being of seasoned teak poiished wood with a glass
panel for observation 'May be with inner chamber
of M.S., copper or S.S., having different working
space 'Working on 230 volts a.c., single phase, SO
cycles supply 'Painted outside with oven-baked
silver grey hammertone colour, inner chamber with
heat resisting aluminium paint 'Complete with
electric cord, neon indicating lamp, thermometer
holder, etc.• Quico' Model No, sell/I

FOR egUlco .
QUALITY

AND

SERVICE

Please contact

UNIQUE TRADING CORPORATION

Gram: UNILAB

A20

Specialised for all sorts of Laboratory Re~uisites and Authorised Distributors for
'WHATMAN' Filter Papers and 'CORNING' Laboratory Glassware

221 SHERIFF DEVJI STREET, BOMBAY 3 Phone: 325611 & 323489 '1

--~,
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AVAILABLE FROM READY STOCK

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

r-- body, from 1.300 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
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Current

Conservation of Foreign Exchange:
Contribution of the National

Laboratories

A I{EPO!{T* issued recently by the }{esearch
Survey and Planning Organization of the

Council of Scientiiic & Industrial l{esearch deals
with an important problem concerning the country's
current eCClnomic position, namely the contribu­
tion of the national lahora tories in conserving
foreign exchange. The determination of the extent
of conservation of foreign exchange resulting from
research effort in exact quantitative terms is a very
complex problem, since, in most cases, it is the
consequence of the combined impact of a variety
of factors. The isolation of the impact of research
effort from that of other factors and linking it up
with proper quantum (monetary) of benefit (con­
servation of foreign exchange) is thus a formidable
task. The present survey represents probablv the
fir.st attempt in this direction. In fact, the purpose
of the survey is more to ' build up a methodology
which may serve as a working hypothesis for de­
veloping the subject further', rather than to arrive
at numerically'backed definite conclusions.

The survey covers the five-year period 1958-59
to 1962-63 and the statistics provided are based
on data obtained from 20 national laboratories.
The two main aspects of saving of foreign exchange,
viz. (i) saving through import substitution, visible
as well as invisible (technical know-how and ,ervices
of experts, etc.) and (ii) earning of foreign exchange
bv means of changing the quantum and structure
of the commodities exported and/or rai,ing the
prices per unit of export, have been taken into
consideration. In the classification model adopted
the contributions from the national laboratories have
been grouped under these two broad heads. Under
direct sources of foreign exchange saving, contribu­
tions from activities like designing and fabrication
of equipment, production of import substitutes,
release of processes, teaching and training facilities,
and exchange of literature are listed. The indirect
sources include consult~\I1cy services and practical
demonstrations through extension services, testing
facilities and stam\;lrClization of proces,.;es and
products. Contributions from facilities considered
to have been conducive to increa!-<ing the earning
of foreign exchange bv intensifying export effort
have been grouped under: (i) sampling inspection
of cxport~ble goods; (ii) improvements in the methods
of preservation and packaging of exportable com-

*.-' study on the conser'i!ation of foreign exchange by
the Hational laboratories - Survey Report No.4, Research

_~ ~llrvcy and Planning Organiz;:,tion, (ollncil cd Scientific
",J"'llistrial I{esearch, :-<ew Delhi, 1966. PI'. 15.

Topics

modities; and (iii) market research in foreign
countries and commodity studies within the country.

The gross conservation of foreign exchange during
the period under survey due to the research effort
of the national laboratories covered as well as the
other contributing industrial factors has been esti­
mated at Rs 259·02 million. The net contribution
of the research effort works ont to Rs 76·91 million,
i.e. about 30 per cent of the gross saving. The gross
saving figures break into Rs 234·44 million as the
saving through import substitution and Rs 14·58
million as the exchange earning. The gross con­
tribution from direct sources of foreign exchange
saving works out to Rs 183,83 million, the balance
(Rs 75, 19 million) being the contribution from
indirect sources of saving. The corresponding
figures for net saving are Rs 1·86 million and
I{s 75·05 million respectively. The contribution
arising from the utilization of research results has
also been broken up according to the frequency of
their occurrence in the production processes, viz. on
a continuous basis or only once. The contribution
of the continuous component runs as high as
H.s 149·27 million and that due to the use of research
results only once, Rs 109·75 million.

Laboratory-wise, the largest contribution to the
gross conservation of foreign exchange is from the
Central Food Technological Research Institute,
Mysore (.Rs 128·17 million), followed by the National
Metallurgical Laboratory, Jamshedpur (Rs 47·45
million), the Central Fuel Research Institute, Jeal­
gam (Rs 336 million), and the National Physical
Laboratory, New Delhi (Rs 20,44 million). In terms
of net conservation resulting from the research effort
alone, the first po,ition is occupied by the National
]\Ietallurgical Laboratory (Rs 45·0 million), followed
bv the Central Fuel Research Institute (Rs 30,13),
the Central Food Technological Research Institute
(Rs 1·28 million), the Central Glass & Ceramic
Research Institute, Calcutta (Rs 0129 million) and
the Central Mining Research Institute, Dhanbad
(Rs 0·10 million).

The results of the present survey provide a basis
for condncting a more exhaustive and comprehensive
survey covering not only the other national labo­
ratoric, but also other centres of research in the
country. Further surveys in this connection should
cov('r those industries and others who have actnallv
ntilized the technical know-how. .

Prof. P. Maheshwari, FRS

WE record with deep regret the sad demise of
Prof. P. Maheshwari, Professor and Head of

the Department of Botany, University of Delhi, on
18 May 1966 after a brief illness. Prof. Maheshwari,
a pioneer in the field of plant morphology in India,
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Prof. Maheshwari was elected Fellow of the Royal
Society, London, in March 1965 for his significant
contribution in the field of botany, chiefly in the
morphology and embryology of seed plants. He
was elected Fellow of manv national and inter­
national organizations. He' presided over mal1\'
international congresses as Vice-President and
President. In 1959 he was the recipien~f Birbal
Salmi Memorial Medal of the Indian Botanical
Societv and in 1964 of the Sunderlal Hora Memorial
Meda(of the National Institnte of Sciences of India.
He received the honorary doctorate of the McGill
Universitv, Montreal. .

Prof. ~1aheshwari travelled widely in Europe
and USA. At the invitation of Vnesco he visited
Indonesia in 1952 and Egypt in 1954, and in 1958
he paid a short visit to the USSR as a member of
a scientific delegation sponsored by the Government
of India. In the summer of 1959 he was a visiting
Professor at the University of Illinois. In 1961
he visited Germany and England, and in 1964 he
gave lectures at many universities in USA. He
had planned to visit some of the research centres
in Japan, Hawaii, USA, England and Europe during
May-June 1966, but fate prevented it.

Besides being an outstanding researcher he was
an excellent teacher and was responsible for training
a large number of students and research workers
and establishing one of the best schools of botany
in the country. During the last 15 years about
800 scientific papers have been published by the
staff and students of his department; 65 students,
including one from Buenos Aires, were admitted
to Ph.D. degree. Prof. Maheshwari was a tireless
worker. He expected from others the highest
degree of efficiency and devotion. He aimed at
nothing but the very best and never tolerated poor
standards.

Prof. Maheshwari was associated with the Council
of Scientific & Industrial Research as a member
of the Governing Body, Chairman, Biological Re­
search Committee and member of the Executive
Councils of the Regional Research Laboratory,
Jammu, and the Indian National Scientific Docu­
mentation Centre, New Delhi. He was a member
of the Editorial Boards of the J oumal of Scientific
& Industrial Research and the Indian Journal of
Experimental Biology.

has made significant
contributions to the
study of embryo and
its post-fertilization
development. In his
death India has lost an
eminent botanist, held
in high esteem by bota­
nists all over the world.

Born on 9 November
1904, Prof. Maheshwari
had his education at
the Universitv of Allaha­
bad, where' he later
worked as a research
scholar under late ProL P. Maheshwari, FRS
Dr Winfield Dudgeon.
He obtained the D.Sc.
degree of the University of Allahabad in 1931. He
began his teaching carrier as Lecturer in Botany
at the Ewing Christian College, Allahabad (1928-30),
and later at Agra College (1930-37) and the Univer­
sity of Allahabad (1937-39). In 1939 he was
appointed Reader in Botany and Head of the newly
started Biology Department at the University of
Dacca, and was later promoted to the professorship.
In March 1949 he was invited by Sir Maurice Gwyer,
the then Vice-Chancellor of the University of Delhi,
to join the University of Delhi as Professor and Head
of the Department of Botany which appointment
he held till his death.

Prof. Maheshwari's important contributions
include studies on cryptogams, gymnosperms and
angiosperms with special reference to taxonomy,
anatomy, embryology and metabolism, on which
nearly 300 papers have been published by him and
his collaborators. He is the author of books en­
titled Embryology of angiosperms, Gnetum (jointly
with his pupil Vimla Vasil) and Dictionary of eco­
nomic plants of India (with his student Umrao Singh),
and had in preparation a fourth publication on
the Morplwlogy of gymnosperms. He also edited
Proceedings of the summer school of botany: Darjee­
ling; Plant tisSlte and organ culture: A symposium;
and Recent advances i11 the embryology of angiosperms.
He was Founder-Editor of Phytomorphology, official
organ of the International Society of Plant Morpho­
logists, of which he was the Founder-President.
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Summer School in Ferrous Metallurgy
B. K. SAXENA

National Metallurgical Laboratory, Jamshedpur

T HE ;,npact of modern technological develop­
ments in the metallurgy of iron and steel
production has been fclt markedly in the

Indian iron and steel industrv. The prohl< ms that
confront India are compkx, relating chiefly to
difficulties of foreign exchange, raising of producti­
vity potential, shortage of technically trained
personnel and insular shortages of indigenous
capital goods and maintenance spares. In spite of
vast reserves of good grade iron orcs, the vast
expansion of the steel industry has revealed some
basic metallurgical shortcomings in Indian raw
materials for the steel industry. Unless these
difficulties are overcome by the application of latest
research results, the rationale of India's accelerated
steel development would lose some of its force. To
focus attention of ferrous metallurgists on the latest
technological and research developments in the
metallurgy of iron and steel and to provide a forum
for discussions on their rational utilization, a two
weeks' summer school on " Ferrous ;"letallurgy "
was organized by the Ministry of Education,
Government of India, at Shillong during 12-24 July
1965, with Dr B. R. Nijhawan, Director, National
Yletallurgical Laboratory, as its convener.

Seventeen scientists and metallurgists from
different research laboratories, technological insti­
tutes and universities participated in the summer
school, which was inaugurated by Dr Taylor, Ex­
Vice-Chancellor of Gauhati University. While
inaugurating the summer school, Dr Taylor expressed
the hope that such a gathering of scientists and
metallurgists will offer stimulation of thought and
provide an ideal forum for exchange of technical
, know-how' and 'know-why' of diverse aspects
of the complex subject of ' ferrous metallurgy'.

Technical Sessions
Twenty papers covering various aspects of

research, production and planning in the field of
iron and steel were presented and discussed in the
technical sessions held from 13 to 24 July relating to:
(1) preparation and use of the Indian raw materials;
(2) techniques and choice of iron and steelmaking
processes; and (3) growth of iron and steel industry
in India and abroad.

The technical sessions of the summer school
started with a paper on 'Status of iron and steel
industry in India' by Dr B. R. Nijhawan, followed
by five technical papers on the preparation and use
of the Indian raw materials. Dr Nijhawan referred
to the heavy capital investment in the integrated
iron and steel plants. He also discussed the dif­
ferent possible sites for the location of the fifth and
sixth steel plants vis-a.-vis the availability of raw
materials in their vicinity, as well as the growth
pattern of iron and steel industry in India. He
stressed that while considering proposals for the
establishment of coastal plants, such as at Goa,

the import of high grade metallurgical coking coal
\or coke can be balanc(d against the e~port of iron
ore pellets made out of beneficiated iron are fines.
It is a welcome feature of current Indian planning
that the establishment of new steel plants is dis­
tinctly more 'raw materials oriented' rather than
• equipment oriented'. He also illustrated the
cost of production of O· 3 million tons/annum pig iron
plant with a capital investment of Rs 2'5-3 crores.
The total indigenous fabrication of such small
plants in India today is a definite possibility and
would encourage the growth of related engineering
industries.

K. N. Gupta (NML) gave an appraisal of the raw
materials for the blast furnace and about the
investigations carried out at the NML on decrepi­
tation and physical characteristics of some Indian
iron ores, including porosity, abrasion and crushing
strength at room and elevated tempe I atures.

S. K. Gupta (lIT, Bombay) gave an account on
the interpretation of coke rates while varying charge
bed heights during sintering fluxed charge. A
layerwise heat balance was drawn according to the
method suggested by A. A. Sigov. A similar heat
balance was drawn in the case of fluxed charge using
Durgapur iron ore. He also referred to the minera­
logical structures of fluxed sinters from Rajhara
iron ores.

J. Goswami ( ML) in his paper on • Indian coals
and iron making' gave the main classifications of
Indian coals with their estimated reserves. The
abundantly available non-metallurgical coals can
be successfully used for the production of iron by
suitable alternate methods. He also discussed the
results of the use of non-metallurgical coals
in different forms in the low shaft furnace of the
NML.

Dr B. R. Nijhawan (NML) gave an account of the
latest studies on the beneficiation of iron ores. He
emphasized that mechanical mining of high grade
iron ores liberates 30-40 per cent, _.~ in. fraction
containing as high as 20 per cent Al 20 3 with a very
adverse Si02/AI20 3 ratio. He also mentioned that
the cost of beneficiation will amount to about
Rs 12.00 per tonne inclusive of overheads. He indi­
cated the difficulties of beneficiation of Indian iron
ores containing high clay contents.

S. L. Malhoha (Department of Metallurgy, BHU)
discussed the various direct reduction processes
and reviewed the researches on the development
of suitable alternate proce~ses of iron are reduction
in view of inadequate coking coal resources, deplet­
ing resources of rich iron Oles, non-availability of
scrap, and the inherent high capital cost of the blast
furnaces. During the discussion Dr Nijhawan
discussed in detail the future prosp(cts cf the direct
rcduction pIOcesses in India ar.d pointed out that
these are not suitable for Indian conditions, lar gely
because of the non-availability of natural gas.
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B. K. Saxena (NML) gave an account of the recent
trends in the blast furnace practice. He discussed
the role of productivity and coke rate, the principal
factors in the economy of the blast furnace. He
also discussed the problems created by high alumina
content and unfavourable AI20 3/Si02 ratio of
the Indian iron ores, particularly in the ore
fines, aggravated by heavy monsoon rains, and
the high ash content of the metallurgical coals,
etc.

Dr A. B. Chatterjea (NML) reviewed the techno­
logical aspects of low shaft furnace process. He
mentioned the various chemical and physical
characteristics of the burden, as well as the influence
of grain size on heat transfer. He also discussed
the furnace output, the rate of combustion of coke,
the reduction of iron oxides by carbon monoxide
and the temperature distribution in the low shaft
furnace.

A. 1. Djiakonov (Unesco Expert, lIT, Bombay)
in his paper on electrical conductivity of molten
open hearth slags and utilizing these data for con­
trolling the process of steelm,aking described a device
for estimating the electrical conductivity of molten
slag directly in the furnace and its correlation with
desulphurization. J. Mohan (NML) gave an account
of the different pneumatic steelmaking processes
and their suitability to the Indian conditions. R. K.
Dubey (NML) discussed the production of alloy
steels, with special reference to the production of
stainless steel and high speed tool steels. He em­
phasized that the development of oxygen lancing
in the electric arc furnace for decarburizing the
melt in the presence of high chromium has revolu­
tionized the stainless steel melting practice. He
also discussed the melting of high speed steels and
the efficiency and economy achieved in different
stages of manufacturing tool and die steels.

V. S. Bhandari (NML) reviewed the recent develop­
ments in cu pola practice, with particular reference
to the hot blast cupola. He also discussed the
conversion of the cold blast cupola to the hot blast
cupola along with its various advantages, with
special reference to the hot blast cupola installed
at the National Metallurgical Laboratory.

R. D. Gupta ( ML) in his paper on 'Electro
slag melting' discussed the studies made on the
change in chemical composition, inclusion type and
content and ingot structure of plain carbon, ball·
bearing, and high speed steels.

P. K. Sen (lIT, Kharagpur) presented a paper
on the decarburization of open hearth melts and
discussed some features of the kinetics of the de­
carburiilation process in the open hearth furnaces
under different conditions. He also discussed the
apparent activation energy of the process of oxi­
dation of carbon in Fe-C melts. The effect of
temperature on the rates of decarburization of Fe-C
melts, subjected to two different oxidizing gaseous
media, viz. still air and a mixture of 92 per cent argon
and 8 per cent oxygen, have been studied in
the temperature range 1450-1650°C. S. K. Goel
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(Department of Metallurgy, University of Roorkee)
described the development of rotor process of steel­
making. A. N. Kapoor (NML) in his paper
on ' Some observations on surface protection' ga"e
a description of various surface cleaning methods
prior to surface coating. He also described the
advantages of aluminium coating and the possibi­
lity of replacing tinning by aluminium 01· chromium
plating, with special reference to the raw materials
available in India.

Dr S. S. Khanna (Heavy Engineering Corp.,
Ranchi) in his paper on 'Role of Heavy Engineer­
ing Corporation for the building of heavy capital
equipments' described the programme and the
salient features of the various projects under the
Corporation.

A. 1. Djiakonov in his paper on ' Iron and steel
industry in USSR' dealt with the o;xygen enrich­
ment of the flame in open hearth, decarburizing
by roof lancing with oxygen and the use of 100 per
cent compressed air in steelmaking. He mentioned
that for increasing the output of a basic open hearth
furnace by 10 per cent, the use of compressed air
will be more economical, but for higher output,
oxygen lancing was desirable. He also discussed
the expansion programme of the iron and steel
industry in USSR.

Dr A. B. Chatterjea, in his talk on ' A glimpse of
the iron and steel industry in Japan' gave a picture
of the developments in the iron and steel industry
of Japan, which imports both coal and ore and still
ably competes' in the world market. He gave an
account of the Japanese blast furnace working and
presented statistical data showing that Japan has
the lowest coke rate.

Dr B. R. Nijhawan in his paper on ' Iron and steel
industry in developing countries' gave an account
of the growth and development of iron and steel
industry in India and other developing countries.
He cited examples of Pakistan, Burma, Ceylon and
some African countries where no suitable raw
materials are available for installing any iron and
steel industry; but even then they are setting up
integrated iron and steel plants, as it has become
a prestige issue for them. Japan is developing
her iron and steel industry with a modern base
mainly to balance their trade with food imports.
It is interesting to know that ] apan is exporting
10 million tons of steel to Canada, UK and other
countries from where they are purchasing the raw
materials. He also discussed the iron and steel
expansion programme of the United Kingdom.

At the concluding session, the participants
expressed general satisfaction at the way the summer
school was conducted. General appreciation was
expressed of the role of the National Metallurgical
Laboratory in putting the metallurgical research
and developmental work in the country on a firm
footing.

While presenting a resume of the deliberations,
Dr A. B. Chatterjea expressed appreciation for the
valuable contributions on various topics.



Design of Cathodic Protection Installations
K. S. RAJAGOPALAN & N. SUBRAMANYAN

Central Electrochemical Research Institute, Karaikudi 3

.--:::~
FIg: 1 - Cathodic protection installation [1, buried Or sub­
merged structure made the cathode; 2, d.c. source; and

3, anode surrounded by anode bed]

I N an' earlier publication!, the criteria for cathodic
protectIOn were discussed l!1 terms of the elec­
trode reactions taking place on the metal

surface under protection. I t was pointed out how
knowledge of the fundamental parameters such as
Tafel ~Jopes and exchange currents of the electrcde
reactions enables the calculation of the change in
potential leading to a specific degree of cathodic
protection. It was also mentioned that concentra­
tion polarization caused by the diffusion of the
species taking part in the cathodic reaction may
become a dominant factor in neutral solutions. In
this communication, the complimentary aspect of
this subject of cathodic protection, namely the
influence of extel'llal parameters, such as the resis­
tance of the electrolyte, the variation of the poten­
tial of the structure under cathodic protection,
depending upon where the reference electrode is
placed, and the spread of cathodic protection are
discussed.

Electrolyte and Electrode Resistance

A cathodic protection installation (Fig. 1) is
essentially a combination of an anode, the structure
under protection which is made the cathode, and
a source of supply of d.c., which will flow from the
anode to the cathode through the electrolyte. When
sacrificial anodes like zinc and magnesium are used,
the current required for the installation is generated
by the difference in potential between the anode
and the cathode and no separate source of supply
of curren t is used. On examining this system
closely, it is seen that the driving voltage, V, will
depend upon the current required as well as the
total electrical resistance offered to the passage
of current at each one of the component parts of
the cathodic protection installation. The com­
ponent parts are: (i) the anode, (ii) the anode-elec­
trolyte interface, (iii) the electrolyte, (iv) the cathode-

Several general methods have been proposed
for tackling the problem2,3. The resistivity of
aqueous media can be readily measured using a
Kohlrausch bridge; ready-made instruments are
available for the purpose. Since this cannot be
done in the case of soil resistivity, for this a soil

20.000,000
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3000
300,000

Resistivity
ohm-em.

Medium

Pure water
Rain water
Tap water
Clays
Sea water
Chalk
Coarse sand and gravel

electrolyte interface, (v) the cathode, and (vi) the
external connections betwcen the cathode and the
anode. The ohmic resistance of the anode may
be expected to be negligible. Oldinarily, the
anode-electrolyte interface ~'oldd not contribute
significantly to the total resistance. However,
this becomes significant if ancde passivation takes
place or resistive depo~;its are formed on the anode.
Since the resistance of the electrolyte, R, is given
by R=p.l/A, where p is the specific resistance; t,
-the length; and A, the cros,.-sectional area of the
electrolyte path, the geometry of the system has
to be taken into account. The presence of a non­
metallic coating may ,.uggest that considerable
resistance would be offered at the cathode-elec­
trolyte interface. The resistance of the cathode
itself may become significant in spite of the very
high conductivity of the metal as compared to the
electrolyte, if current has to flow over very long
sections, as may be obtained in the case of cathodic
protection of buried pipelines. The external co]]­
nections are expected to contribute significantly
to the total resistance of the system only when
cables have to be taken over large distances from
the source of supply of current to the structure under
protection.

The electrolyte may be said to be homogeneous
when protection is to be given in aqueous media.
However, the electrolyte resistance may vary consi­
derably from season to season in the case of estuarine
and river water, while the resistance of sea water
can be expected to vary considerably with the
prevailing temperature. Gress heterogeneity of
the electrolyte is exemplified in the case of protec­
tion underground. Large variations in resistivity
may be observed between the different soil strata,
and the resistivity of any particular part of the soil
itself may vary considerably depending upon its
moisture content. Theoretical calculations of the
resistance that would be offered by the electrolyte,
therefore, becomes particularly difficult in the case
of underground structures. The resistivities of
different media arc as follows:

3
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box4 can be used. It is a cylindrical box made of
lucite or perspex, in which four electrodes (usually
of copper) are placed at equal distances from one
another. A known current is passed through the
outer electrodes and the potential difference between
the inner electrodes is measured. The resistivity
can then be calculated, applying Ohm's law, knowing
the cross-sectional area and the distance of separa­
tion of the two central electrodes. This method
has the serious drawback that it does not measure
the mean resistivi.ty of the soil through which current
has to pass but only gives the resistance of an isolated
sample. For measuring soil resi.stivity in situ, a
number of methods have been proposed, of which
the U"lOst widely used is the Wenner four·pin methods.
In this case, four-point electrodes are introduced
in the soil, such that these are equally spaced along
a straight line and the resistance measured in the
same way as in the case of the soil box. The resisti­
vity, p, is given by

p=21ta.R ... (1)
where a is the distance of separation of the point
electrodes; and R, the measured resistance. By
adjusting the distance between the electrodes, the
depth of the soil, for which measurement has to
be made, can be varied. For example, if there are
two strata of soil having resistivity PI (for the upper)
and pz (for the lower), and if d is the depth of the
upper stratum, then only PI will be measured so long
as a is equal to or less than d. When a is very much
greater than d, then only pz will be measured.

Resistance is given by the formula R=p.l/A.
The geometry of the electrolyte, whose resistance
is being measured, is conditioned by the size and
shape of the anode and the cathode and their rela­
tive disposition. If this geometry is cylindrical,
as for example, a vertical rod surrounded by
a cylindrical cathode, it can be shown that the
resistance R is given by

R=p/21tL.ln(D/a) ... (2)
where D is the distance between the centre of the
rod and the surface of the outer cylindrical cathode;
a, the radius of the rod; and L, the length of the rod.
The manner in which the resistance of such a rod
varies with D /a is shown in Fig. 2. It is seen that
while the resistance values continue to increase
with D/a, the rate of increase is relatively small for
values of Dja in excess of 300. On this basis,
Eq. (2) can be simplified to

R=0·0324p/L ... (3)
Eq. (3) has been tested in relation to lengths in
excess of 64 times the diameter and the agreement

r~E~,j
o 100 2.00 '100 400 &GO

pIa.

Fig. 2 - Increase in resistance between a vertical rod of
radius a and ground with distance D from the rod
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with measured values is exceedingly good 2• The
resistance of the anode to a certain point in the
ground has been considered because of its limited
area. As compared to this, the resistance of the
cathode to a similar point in the ground would be
negligible because L will be much higher than for
the anode.

On the other hand, if the anode has aspherical
shape the resistance R is given by

R=p/41t.(I/a-l/D) ... (4)
Since D is very much greater than a, the expression
reduces to

R=p/41t.a ... (5)
When the anode is close to the surface of
the ground, only a hemisphere of the soil will be
taking part in conducting the current. Hence

R=p/2u ... (6)
The equation developed for vertical anodes is

also applicable to horizontal anodes, but the effect
of proximity to ground surface has to be taken into
account. When a rod is longitudinally placed on
the ground, the soil through which CIIITent lines
flow is a hemicylinder, and not a cylinder as in the
earlier case and the resistance will not be like that
of a vertical rod. This situation will be altered
with the depth of burial of the anode. At depths
greater than 10 times the diameter, the resistance
will approximate to that given by Eq. (6), though
a correction factor may still have to be used. But
then, the uncertain and variable character of resisti­
vity (p) in the case of a heterogeneous medium like
soil is much greater than the small error which may
be introduced by an approximate formula.

It is not generally practicable to use a single anode.
Anode bed, be it hori,zontal or vertical, usually
consists of several anodes connected in parallel.
The theoretical formula for the resistance between
two anodes and a pipeline at infinity has been
propounded by Dwight6 in terms of the capacity
of the system. A practical test of the variation
in resistance, as the number of anodes is increased,
has been reported by Applegate'. The fact that
the decrease in resistance with increase in the number
of anodes is much slower than what would be
expected from Ohm's law is illustrated in Fig. 3.
It is also seen that the correction factor steeply
increases with decrease in the spacing between the
rods (Fig. 4) (ref. 8).

The electrolyte resistance is further. modified
by what is known as the 'backfill' at the anode

Fig. 3 - Relation between number of anodes and resistance
(Soil resistivity, 200 Ohm-em.]
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Fig 5 -- Relative values of protective current required for
thc' coated (I) and uncoated (Il) steel [C, cathode; and

A, anode]
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bed. The size of the anode bed is increased by
placing the metal anode in a bed.of coke-breeze
or mixtures of gypsum and bentomte or common
salt and bentonite. The ohmic resistance of such
a bed may he considered to be negligible, as com­
pared to the soil resistance and hence the whole
bed can be looked upon as an enlarged anode and
the resistance can be calculated taking into account
the size and shape of the anode beel. Hdwever,
care has to be taken to see that such an anode bed
does not get dried up by electro-osmosis, when the
resistance of the backfill will increase steeply.

The resistance of the cathode-electrolyte interface
is governed by the type of coating applied to
the structure under protection. It is, in fact,
uneconomical to give cathodic protection to the
structure in the bare condition because of the large
consumption of power, and the high cost of. main­
tenance of such a system. Under mo~t cIrcum­
stances, therefore, cathodic protection is combined
with painting of the structure, the idea b~ing th.at
the area to be given cathodic protection will consist
only of the holidays that are invariably present
in almost all types of coatings. The current that
would be required to bring steel coated with coal tar
enamel to the protective potential as c.ompared ~o

a bare specimen of the same geometry IS shown m
Fig. 5. . . . .

It is eVident that the dlstnbutlon of current on
a coated structure will be such that nearly all the
current would be going to the bare areas of the .coated
structure. So the cathode-electrolyte resistance
may be considered to be .negligibl~. ~urther~ as
pointed out earlier!, cathodic protectIOn IS obtamed
_w~,-..."..
- E~=E;-/(I./Ac)-I•.Rc ... (7)
where E~ is the open circuit potential of the anod!c
site; E;" the open circuit potential of the cathodIc
site; I., the applied current; Ac, the area of the catho­
dic site' R the resistance of the cathode-electro­
lyte int~rf~~e; and /(1./ Ac), the ~larization eff~ct,
which is a function of the cathodIc current dens.lty,
(I./A,). R, is given by p/21tL.ln D/fl. On a pIpe­
line, L is very large and D/a IS ve.ry nearly
one. When the holidays are few, I. wlil also .be
small. Hence I.R, is negligible. So the coat~ng

-;:;''5:istance does not really figure in ~he calculatlo,n
of the driving voltage. The econom~c~ of cathodIc
protection is governed by the dnvmg voltage,

because the power consumed is given by the prcd,!ct
of the driving voltage and the current. By applymg

.a coating, the current is reduced, and, though the
driving voltage remains constant, the power con-
sumption is reduced. . .

The resistance of the cathode becomes slgmficant
only in the case of long pipelines and cables. In
such cases, there can be an appreciable voltage drop
in the structure itself, so that the driving voltages
available at the drainage point and further along
the pipeline become different. This would naturally
affect the current distribution over the structure,
This will be considered again under the section
'Spread of Cathodic Protection '. Appreciable
voltage drops at the s~veral. connection~ should be
avoided as far as possIble, smce otherWIse needless
power loss would take place.

Potential of the Structure under
Cathodic Protection

The set-up for the measurement of the potential
of a structure under cathodic protection is shown
in Fig. 6. The main problem is the location of the
reference electrode for the measurement of the
potential of the structure. The str.ucture is b.rought
to a more negative potential to gIve cathodiC pro­
tection. The potential of the structure measured
will vary with the position of the reference electrode.
To understand how this variation is brought about,
it is necessary to first consider the potential of a
metal specimen divid!ng .an elect~olyt~ through
which current is passmg m one dIrectIOn. Such
a condition is illustrated in Fig. 7 (inset). The
potential is plotted against the distance of the metal
in either direction in Fig. 7.

Fig. 6 - Set-up for the measurement of the potential of
structure under cathodic protection [V.T.V.M., vacuum-tube

voltmeter]
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Fig. 8 - Potential variation of two cylindrical electrodes
made of different metals [S, steel: and C, copper]

Fig. 9 - Corrosion cells developed in buried pipeline

J.

close to the anode, it will show the protective
potential, before the cathode is polarized to this
potential. If it is placed close to the cathode, when
the protective potential is reached, the anode poten­
tial would have become more negative than the
protective potential. It is, therefore, essential to
make a reliable estimate of the half cell location
before using the potential criterion. It'should be
placed such that it is just at the boundary of the
corrosion cell, so that when the potential at this
point becomes equal to the protection potential,
no current flows in the corrosion cell and the poten­
tial is the same both at the anode and the cathode.
In other words, the appropriate location will depend
upon the geometry of the corrosion cell, resistive
films including coatings and the resistivity of the
electrolvte. If the size of the corrosion cell increases
either due to an increase in the areas of the anode
and the cathode or due to an increase in the distance
separating the two electrodes, the reference electrode
may be placed farther from the metal. If, however,
the reference electrode is placed far away from the
boundary of the corrosion cell, the IR drop would
be included and a more negative potential would
be measured before the cathode has been brought
to the anode potential.

Three types of corrosion cells are indicated in
the case of structures, e.g. buried pipeline: (i) cor­
ro!3ion due to differences between adjacent points,
(ii) corrosion at the bottom of the pipeline due to
the cell set up between the bottom and the top, and
(iii) corrosion current flowing over long distances
because of differences in soil conditions in different
sections. These are shown in Fig. 9.

If the reference electrode is placed close to 1, for
checking the attainment of protective potential,
all forms of corrosion will be prevented, though the
anodic area at the distant point and at the bottom
may become overprotected. It if is placed over

+6

__ it
.-- 1

0

Fig. 7 - Variation of measured potential with relative position
of tll e reference electrode

The manner in which the potential varies with
distance will, however, not be as simple as shown
in Fig. 7 in the usual case, because of the more com­
plicated configuration of a structure under cathodic
protection and of the medium surrounding the
structure.

On a corroding structure, different potentials
may be obtained in different regions, more negative
potentials being obtained on anodic areas and more
positive potentials being obtained on cathodic
areas. If a reference electrode is brought inside
the boundary of the corrosion cell and brought close
to the anodic areas, it measures a certain potential.
If it is moved to the cathodic areas, it measures
a different potential. Therefore, the potential
profile will show considerable variation, when the
reference electrode is moved very close to the metal
surface. However, if the reference electrode is
placed farther away, then it will scan both the anodic
and cathodic areas and hence will measure a poten­
tial, which is in between the two. When it is placed
just outside the boundary of the corrosion cell, it
will measure the compromise potential of the whole
structure as a result of current flowing between
the anodic and cathodic areas. This again em­
phasizes the importance of the correct location of
the reference electrode. A simplified approach to
this question may be made by a consideration of
the potential variation of two cylindrical electrodes
made of different metals (say copper and steel),
which have been short-circuited, thus resembling
a corrosion cell (Fig. 8).

The potential becomes more and more negative
in the direction of N, because cathodic current
flows from the electrode C. Similarly, in the direc­
tion of A, the potential becomes more positive
because anodic current flows from A. The potential
variation in between the two electrodes is also shown
in Fig. 8. It is seen that somewhere in between,
along BB' (outside the corrosion cell boundary)
the compromise potential will be obtained. When
cathodic protection is given, the potential of the
structure is being changed in the negative direction.
When the reference electrode is placed within the
boundary of the corrosion cell, the potential will
vary, depending upon whether it is close to the anode
or the cathode. If the reference electrode is placed
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... (8)

Fig. 10 - Swing in potential in the case of cathodic prutection
of large pipelines

this pipe section of the soil surface, the overprotec­
tion would be reduced, but the local cathode will
not be made sufficiently negative. If the half cell
is placed far away, the distant anode will not be
overprotected, but the cathode potential will not
be sufficiently negative; and localized corrosion
will continue.

The location of the reference electrode becomes
less critical, when the change in potential with dis­
tance is less because of less current flowing to the
structure or the resistance of the electrolyte being
less. Coatings reduce current density and hence
the potential gradient in the electrolyte. Electro­
lytes having a specific resistance less than 100
ohm-cm. do not require accurate positioning.

In the case of large pipelines, the proximity of
the pipeline to the surface of the soil has to be taken
into account. This is done by imagining a situation,
where above the surface also there is soil, just as
below, in which ca;;e, it is expected that an electrical
image of the pipeline will also be formed above the
soil. This is represented in Fig. 10. The resistance
of the soil can then be calculated in terms of the
capacity of the buried structure as well as of its
image, and then, half of the capacity value will cor­
respond to that of the buried structure alone. In
this way, it has been shown9 that the potential
difference between a point on the pipe and a point
x on the surface of the earth is given by

V~~ !2 [In(h2 +x2)-fl n lVl]2.. 2rh

where i is amp. per foot of the pipeline; p, the resisti­
vity; x, the distance from the centre line on
the surface of the earth of the cylinders to the point

-~-O[l.~~, the distance from the centre of the
pipe to earth's surface; and r, the radius of the pipe
and the coating-resistance has been provided for,
in the mathematically convenient form of p/21t In 111.
On the vertical centre-line, the value of V will be

~iven by

V = i! [In(h-I.<)(h - s) +In ;:'1] ... (9)

where s is the depth at which the potentials are
measured.

.' ~':fad of Cathodic Protection

For cathod~cally protecting long pipelines, they
may be consIdered as made up of several short

le~1gths ?f pipe and each section can be provided
wIth. SUItable number of. anodes. In. general, a
plpelme IS protected by a SIngle or a lImIted number
of anode installations. The number of anode
installations required depends on the spread of
protection given by each installation. The spread
of protec!ion. is affected by the potentia! drop along
the pIpelIne Itself, and also on the resistance of the
coating. Even with good coatings, it has been
found that the coating is damaged by current in
excess of a few volts and so in practice, a shift in
potential of two volts is taken as the maximum
tolerance at the drainage point. This sets a limit
to the spread of protection that can be aimed at.
Taking into account the metal resistance r and the
conductance of the coating g it has been shownlo
that the potential E A , at the drainage point (where
the negative lead of the power source is connected
to the structure) is given by

EA =Em cosh.al ... (10)

where Em is the minimum shift of potential required
to achieve protection, a= y'r.g and l is half of the
length of the pipeline getting protection. Since
the change of voltage even at the dl ainage point
cannot be allowed to go beyond two volts and the
minimum shift in the potential of the structure
required for protection can be calculated from the
potential of the unprotected sh ucture, the length
of the pipeline for which protection can be given
may be estimated from Eq. (10).

Summary

Factors influencing the economic design of
a cathodic protection installation al e discussed.
I t is shown that the geometI y of the system and
the size and shape of the anode have an important
pal t to play in determining the electrical resistance
of the cathodic plotection circuit and, thereby, the
power consumption. How the resistance of the
metallic structure and the conductance of the
coating determine the length of the pipeline which
can be protected with a single anode bed is discussed.
The variation of pipe to soil potential with
dIstance of the reference electrode from the pipe
and its significance are discussed .
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Adsorption & Other Related Phenomena in Paints
RUPENDRA KUMAR VERMA, MOHAMMAD YASEEN & J. S AGGARWAL

Regional Research Laboratory, Hyderabalj

THE phenomenon of adsorption at interfaces
is of considerable importance not only in
the paint industry but also in the ink, plastics,

food and many other industries. The main aspects
which concern the paint industry are (i) the effect
of adsorption on the wetting and dispersion of pig­
ments, (ii) the adhesion of paint films to the substrate,
(iii) corrosion prevention of metallic substrates,
(iv) the rheological properties of paint vehicles, and
(v) the ageing and weathering properties of paint
films.

Perhaps the most important factor in the adsorp­
tion of molecules on solid surfaces is the heterogeneity
of these surfaces. Bikerman' has suggested that
in surfaces consisting of more than one mineralogical
component, as in the majority of alloys, the surface
has a mosaic structure, since different compounds
are exposed at various points on the surface. If
the specimen is mineralogically uniform, its surface
can still have various properties in different direc­
tions due to the presence of different faces, edges
and corners. This heterogeneity accounts for the
catalytic and adsorption properties, and the varia­
tion of thermionic and photoelectric work functions
on the same crystal. Even one phase of the crystal
does not have to be homogeneous as it normally
contains hill-and-valley structure2, kinks, jumps
and cracks. Harkins3 has pointed out that in all
the work on adsorption and on energy relations
for the surface of solids, no account has been taken
of the possible effects of different crystal faces, edges,
corners, etc., the observed effect being a statistical
summation of all these.

The heterogeneous nature of pigment surfaces
wa, studied by Dintenfass4,5 by the adsorption
of polar organic molecules from organic solvents
on several industrial pigments and extenders such
as Ti02, talc, RaSO., PbCrO., etc. A selective
polar adsorption pattern was observed which is
different from physical capillary condensation type
of adsorptio:l and from chemisorption. Apparently,
the surface of pigments, extenders, etc., consists
of a number of distinct active areas, each of which
selectively adsorbs a specific type of polar group.
An independent and simultaneous adsorption of
polar compounds containing different polar groups
can take place, but the different polar compounds
do not interfere with each others' adsorption.
The active areas corresponding to various polar
compounds, i.e. acids, alcohols, phenols, soaps,
esters, primary and secondary amines, have been
investigated.

The total surface area of a pigment appears to
be the sum of the individual active areas and in
some cases of non-active areas. Every pigment
or solid surface can be characterized by the size,
number and type of these individual areas. This
gives a fingerprint of the pigment which apparently
depends more on the origin and history of the
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pigment (or surface) than on the chemical structure.
According to Dintenfass6 , in systems where com­
pounds with identical polar groups and of different
chain length are present, there is no preferential
adsorption based on chain length; thus long chain
compounds can be displaced by short chain length
compounds with identical polar groups and vice
versa. In each system, the ratio of amounts
adsorbed on the surface is nearly the same as the
ratio of the molecular concentration of the two
species in the solution.

The adsorption of linseed oil fatty acids at an
initial pH of 5·0-5·2 on magnetite during froth
flotation was investigated by I{ajanne7• It was
found that more umaturated fatty acids were pre­
ferentially adsorbed at low collector concentration.
An increase in the amount of collector is accom­
panied by a decrease in the iodine value of
the adsorbate. At low collector concentration,
the amount adsorbed increases as the amount of
collector is increased per unit weight of magnetite.
A saturation point is reached and calculations of
the specific surface show that the adsorbed layer
is mul timolar. A rod structnre for the collector
layer is proposed to accommodate the large number
of fatty acid moles, while the hydrophobic nature
of the layer is retained during its formation.

Ultrasonic waves were found to increase the
adsorption of methylene blueB• The adsorption
also increased with the power and frequency of the
ultrasonic waves. The increase in adsorption was
accounted for by the increase in the degree of fine­
ness and change of electrochemical properties of
the pigment. Studies on the adsorption of sodium
oleate on pigments like Ti02 and 2nO have revealed
that in low concentrations of sodium oleate there is
the usual increase in adsorption with concentration".
Near the critical concentration of micelle forma­
tion, especially at higher concentrations of sodium
oleate, several points of abnormal behaviour in the
adsorption of sodium oleate were observed. The
comparison of the adsorption isotherms with those
obtained by other workers showed that the adsorp­
tion of surface active agents on pigments depends
only on the properties of the surface "tn'v<; "o·ol:." ..,
in the solution and specific properties of the pig­
ments have no effect.

Miller and Anderson10 made apparent adsorption
studies of oleic acid from coefficient of friction
measurements. The coefficient of friction of
solutions of oleic acid in paraffin oil (0-25 per cent
by weight) were measured on a friction pendulum
over the temperature range 60-140°C. The friction
concentration isotherms were amenable to treatment
by the kinetics of monolayer adsorption. As the
temperature was increased from 60°C. the friction
decreased to a minimum at 120°C. and ':,~a-,

increased again. The decrease in friction 'with
temperature was ascribed to the formation of a
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The effect of physical properties of the pigment
on the adsorption of drier has been stressed
by Bryson22 • According to him the shape of the
pores and the nature of surface are more important
than the porosity of the pigment. Generally, the
pigments possessing a large specific surface inhibit
drying. A series of containers each containing the
same amount of the paint were taken, and increas­
ing aliquots of drier were added to each and set
aside for drying time tests at bimonthly intervals.
A particular concentration of the drier, at which
no increase in drying time is observed for 3 or 4
successive periods, corresponds to the correct amount
to be added to the paint.

Wetting of Pigments
When a pigment comes in contact with a vehicle,

the physical properties of such a system can
be related to the extent and character of the inter­
face between solid and liquid. The pigment-air
interface is replaced by a new pigment-vehicle
interface and the wetting of pigments follows.
Wetting may be defined as the process by which
a liquid comes in contact with a solid to form
a solid-liquid interface. The nature of the process
which takes place at the pigment-vehicle interface
controls greatly the grinding and many other
properties of the paints such as consistency, flow,
levelling and gloss.

The wettability of a pigment by the vehicle has
generally been considered as the most important
characteristic associated with the stability of the
paint suspensions and this was first studied by
Harkins and Dahlstrom23• The total free energy
of immersion was taken as the measure of wettabi­
lity. It was found that if dry clean pigment is
immersed in a liquid, heat is liberated, the quan­
tity of which increases with increase of polarity
of the liquid, or with increase of polarity of certain
groups in the liquid molecules.

Pigments are often difficult to wet with oil,
because of the envelope of air or gas around the
particles that has been adsorbed by the pigment
surfaces. Linseed oils of high acid value displace
absorbed gases more readily than those of low acid
value. If the pigments are first heated to remove
moisture, they are wetted more easily. Carbon
black pigments are very difficult to wet with water,
but if they are first heated or so treated as to remove
the adsorbed film of hydrocarbons and air, they
are wetted more easily. The moisture adsorbed
on the pigment may indeed be the main variable
influencing the dispersion characteristic of com­
mercial pigments. Pigment stocks are rarely given
an oven drying treatment immediately before use.
Consequently, the pigment has generally an
adsorbed film of moisture. The quantity of water
adsorbed is roughly equivalent to that necessary
to form a monomolecular film on the solid surface.

Eide and Depew24 reduced the reactivity of zinc
oxide in various vehicles by adding phosphorus
pentoxide or other dehydrating oxides to the vehicle
before dispersing the pigment. The plastic visco­
sity of the finished dispersion is found to be reduced
by this treatment and the paint is prevented from
thickening. Presumably, the reaction between
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zinc oxide and fatty acids of the vehicle is consi­
derably inhibited by dehydration of pigment before
dispersion. The use of hygroscopic organic liquids
with pigments in formulating lacquers has been
postulated by Taylor and Chapman25, as a means
of preventing flocculation of pigments.

For wetting to occur, oil must be adsorbed on
the surface of the pigment particles. More vehicle
is required to wet a unit weight of fine particles
than is required for coarse particles, because the
amount of oil required for pigment saturation or
wetting is diiectly proportional to the specific sur­
face area of the pigment mass. The oil absorption
factor being relative to the surface condition of the
pigment is possibly to some extent independent
of its chemical composition or specific gravity. As
the surface of a pigment is being wetted with oil,
the pigment mass remains relatively dry and
crumbly, and will not smear when brought into
contact with a piece of glass. At the point, how­
ever, where all pigment particles become wet, the
mass immediately forms a soft paste, which will
then smear when brought into contact with glass.
The amount of vehicle required to wet a unit mass
of the pigment is known as its' oil absorption'.

The consistency of paints is affected to some
extent by the oil absorption of the pigment. A
high oil absorbing pigment gives greater consistency
than a lower oil absorbing pigment, because
it adsorbs more vehicle on the pigment surface,
so that there is less free vehicle in the paint.
Stieg2G has suggested that the oil absorption of any
white pigment can be a factor in determining the
spacing relationship and hence the hiding power
of the paint.

Freundlich27 utilized the contact angle relation­
ship to derive an expression for adhesion tension
which is often taken as an indication of the degree
of wetting

'('.4 --Ysl.=AsL=I/.A cos 0

where YS A is the surface tension of the solid; 'YSL,

the interfacial tension of the solid and liquid; and
lLA, the surface tension of the liquid. The term
ISA-1ST. is defined as the adhesion tension; ASL
has the same dimension as surface tension. Since
there are three phases present, solid, liquid and gas,
it becomes apparent that three separate interfacial
tensions play a part in determining the contact
angle. The liquid-gas interfacial tension has always
a positive value, and when the solid-gas interfacial
tension is greater than the soJid-liquitl.... 1TIteTja.~;.:;,~
tension, the value of cos () is positive which means
that the contact angle is less than 900

• This is the
result when a liquid wets the solid. On the other
hand, when the solid-liquid interfacial tension is
greater than the solid-gas interfacial tension the
value of cos 0 is negative and the contact angle lies
between 90 0 and 1800

• This is the result when
the liquid does not wet the solid. According to
Bancroft'S, a liquid is in actual contact with a solid
only if it is adsorbed on the surface of the solid.

The normal types of solvent-based media, such
as alkyd resins, are far from being pure liquids, .">rIll
they contain a wide range of molecular species.
Apart from the differences in the size of the
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molecules, there is a range of polarity present in
them. In an alkyd, the free groups are mainly
carboxyl and hydroxyl, and the distribution of such
groups is not uniform among the molecules of
different degree of complexity, in fact, one would
expect the smaller molecules to be more polar by
virtue of having proportionately more end groups.

Calori.metric measurements of wettability of
pigments in various organic liquids29 confirm the
belief that polar-nonpolar molecules in the solvent
form a layer on the surface of the pigment with the
polar group towards the pigment ana the nonpolar
group towards the liquid. The polarity of the
liquid in which the pigment is suspended determines
its degree of dispersion.

Dispersion of Pigments

First, the pigment must be wetted by the liquid
used for dispersion. Secondly, mechanical work
must be performed on the system to effect disper­
sion; in many cases the aggregates of the pigment
are hard and require a large amount of energy to
break them up. Thirdly, the resulting dispersion
must be stabilized, i.e. the composition of the liquid
phase must have been adjusted to provide condi­
tions where there is no tendency for the pigment
to flocculate to an undesirable extent. Dintenfass4

considers that pigment dispersion occurs when a
monolayer of sufficient thickness is adsorbed on the
pigment to keep the particles at such a distance that
particle-particle attraction is effectively negligible.

Every surface or interface has an energy asso­
ciated with it. This can be expressed in ergs/cm.2;
in the case of liquid, this may be approximated to
the surface tension in dynes/cm. With solids,
however, the surface tension and the surface free
energy are not necessarily equal as in creating a
fresh surface of the solid, the rearrangement of atoms
to an equilibrium configuration is hindered by the
immobility of the surface region. Figures quoted
for the surface energy of solids vary widely, depend­
ing on the method of measurement used, but a
number of inorganic surfaces, such as A1203' BaS04 ,

MgO, CaO, etc., appear to have surface energies
of the order of 1000 ergs/cm.2.

The surface energy of a powder will depend very
largely on the extent of the surface, and, when the
size of the individual crystals becomes very small,
the edge energy factor, i.e. the energy associated
with the junction of two planes of the crystal
lattice, becomes important.

~;,e ctii'lcive strength of solids can be influenced
by adsorbed layers of surface active agent. The
part played by surface active molecules in milling
is thus quite complex. Almost all paint media as
such contain molecules which are themselves surface

'. active, i.e. they contain polar groups which can
interact with the solid surface in the same way as
the specific surface active agents. Certain solvents
like chloroform, butanol, nitromethane and xylene
are effective in producing cracks, whereas aliphatic
hydrocarbon such as heptane and petroleum ether
are ineffective. It was then noticed that the liquids
waich caused cracks to develop were all liquids with
a fairly high cohesive energy density (CED), while
those without any effect had low CED values. The

CED function is expressed as (/),H-RT)jV, i.e. the
latent heat of vaporization of the liquid at the tem­
perature concerned minus the work done in expand­
ing the vapour against surrounding pressure
expressed in terms of unit volume of liquid.

The amount of resin adsorbed from relatively
dilute solutions increases with decreasing solvent
power and with the oil length of the resin. Roth­
stein30 made measurements from dilute resin solu­
tions which allowed gravimetric study of adsorption,
as well as separate study of bulk vi,cosity and ad­
sorption on pigment dispersion. The value of the
saturation adsorption was found to increase almost
linearly with molecular weight of the resin. The
same viscosity measurements that determined ad­
sorbed resin thickness showed the effect of pigment
surface coverage on the ease of dispersion of the
,suspension. There are three basic interactions
which govern the physical characteristics of a
suspension made by dispersing a pigment into a
resin solution. First is the resin chain\ segment
solvent interaction which determines the configura­
tion of the resin chain in solution. The second
interaction is the adsorption of the resin on
the pigment surface, and the chain segment-pigment
surface interaction which can determine the con­
figuration of the chain on the pigment surface.
These two interactions together determine the
extent of the third interaction after initial dispersion
and adsorption equilibrium has been reached, viz.
the particle-particle interaction characterized by
the presence or absence of flocculation.

Stabilization of Dispersion

To stabilize dispersions, it is necessary to prevent
the solid particles from approaching one another
too closely. There are various ways in which this
can be brought about. In aqueous dispersions
especially, electrical charges on the particles can
cause a force of repulsion; this can also occur in
nonpolar liquids to some extent. When a solid
is present in a liquid, a potential difference exists
across the boundary, the electrostatic potential.
This potential exists whenever a solid surface is
immersed in a liquid, if the liquid is ionizing, ad­
sorption of ions occurs to form what is described
as an electrical double layer. The principle is that
with the charge on the surface of the solid particles
there is associated a diffuse swarm of ions of opposite
charge surrounding the particles. These ions en­
trap solvent molecules so that the effective sphere
of action of the particles is greatly increased.

To investigate the state of pigments in oil-based
paints when suspended in hydrocarbon medium,
Khomikovskii and Revinder31 prepared submadder
varnish, pink varnish, yellow varnish and Prussian
blue suspensions. Pigment dispersion in the sus­
pension was measured with a vacuum sedimentater.
The quantity of oleic acid adsorbed by the pigments
and the change in the physical state of the pigments
due to the adsorption of oleic acid were determined.
All the pigments were well stabilized with oleic acid
in hydrocarbon medium; the stabilization limit
was reached when no more oleic acid could be
adsorbed by the pigments. A simple relation was
found to exist between the stabilization and wetting
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of the pigment particles on the one hand and the
quantity of stabilizer adsorbed on the other.

Vistosity of Pigment Dispersions

The viscosity of dispersion is affected by the
quantity of pigment present and by the tendency
of the particles to aggregate and develop structures
which immobilize the vehicle. In addition, the
pigment is thought to adsorb a layer of vehicle im­
mediately around the particles and this in effect
increases the pigment volume and reduces the
amount of frec vehicle. The viscosity effect con­
tributed by the vehicle is influenced by the tendency
of the molecule to coil and to form aggregates32•

The relationship log "I),=F/(I-F) between the
sedimentation volume, F, and relative viscosity,
"I)" holds for totally dispersed industrial pigment
systems exhibiting Newtonian flow. F is a function
of the shape of the pigment particles, vehicle visco­
sity and of the pigment phase (sum of the volumes
of pigment and the adsorbed immobilized vehicle);
and this relation is also true for thixotropic suspen­
sions33• In concentrated pigment dispersiom, the
sedimentation volume F increases with increase
in viscosity of both the dispersed pigment phase
and the liquid phase. The F value of the floccu­
lated pigment suspensions is not affected by
ternperature34 •

Thixotropy in Paints

Adsorption, flocculation and thixotropy in
non-aqueous paint systems have been studied by
Dintenfass3s• The forces exhibited when a pigment
is immersed in a vehicle result in the phenomena
of adsorption, flocculation and thixotropy. When
the adhesion forces between the pigment and the
vehicle are less than the attraction between pigment
particles flocculation results. When the adhesive
force is greater, the pigment is dispersed. Thixo­
tropy is a reversible state resulting when the floccu­
lating pigments form a network, which immobilizes
the vehicle. The degree of thixotropy depends
upon the pigment concentration, the degree of floccu­
lation and the viscosity of vehicle. Factors affecting
the rate of dispersion and thixotropic build up
have been discussed by Dintenfass3s•

A thixotropic paint is one which possesses a high
consistency in the can, thus holding the pigments
evenly dispersed. This high consistency, however;
decreases under the action of mechanical treatment
with the brush and after the application of paint,
the consistency increases again. These anomalous
changes in the consistency with variation in applied
shearing stresses are termed together as the pheno­
menon of thixotropy. Since the consistency depends
upon pigmentation of the vehicle, the optimum
consistency on the pigment content of the 'thixo­
tropic' corresponds nearly to the critical pigment
volume concentration.

Levelling characteristics of paint are determined
by proper formulations (pigmentation to the proper
degree being an important parameter), so that the
thixotropic rate of plasticity regain after application
of the paint is fast enough to overcome the sagging
tendency, but slow enough to allow the elimination
of brush marks before the paint sets. The following
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relationship determines the levelling of the paint
after application: h= Wi/8Y) where It and d are the
depth and the breadth of the brw'h mark; i, the
yield value; and Y, the surface tension of the sys­
tem. For better levelling, paints should have an
i value 2-8 dynes/sq. em.

Adhesion

The phenomenon of adhesion is due to forces of
various types36• The forces that hold a paint film
on a substrate include long-range body forces, such
a.s gravitation'al, magnetic and electrostatic forces
and intermolecular forces, loosely grouped under the
title of van der Waals' forces and chemical bonds.
The adhesion phenomenon must be differentiated
according to the nature of contact, i.e. whether it
occurs at points or over certain areas3? In the
case of paint coatings, adhesion over an area
depends on the structure of the metal surface and
also on the presence of dirt and greasy mater ial
on the surface, which prevents the paint from
coming into contact with and wetting the metal
surface. The fact that forces between substrate
and film are exerted through layers, only a
few molecules thick, explains why it is essential
to have a clean surface when applying paints to
metals. If the oil material on the surface is fairly
fluid and easily soluble in the solvent of the
paint, all or most of this may be removed from the
surface before the solvent evaporates, and adhesion
may then be little affected311 •

Atoms on the surface of the solid have unsaturated
valence electrons which are available to make
bonds with reactive ingredients in the atmosphere,
such as water vapour and oxygen. }{ober(39 has
listed the attractive forces that might exist between
atoms as (1) chemical bonds including covalent
bonds, (2) ionic bonds, (3) polymerization forces
between pairs of dipoles or between an ion and
dipole, and (4) dispersion forces between inert atoms.
Polymerization and dispersing forces are frequently
lumped together as van der Waals' forces, since these
are the only forces which are effective between mole­
cules of gases and liquids at room temperature.
Bullet40 suggested that the hydrogen bonds with
energies of the order of 5-10 kcal./mole are respons­
ible for the strong adsorption of water molecules
on to the metal oxides but are unlikely to be the
major element in adhesion.

According to Dintenfass3S, the adhesion of paint
films depends on the tensile strength of the film
and the total attractive forces between~ting
and the substrate. Adhesion is affected by the
number and type of the polar group available for
adsorption. It may involve polar attraction,
chemisorption involving electron exchange, and
precipitation when the metal ions on the surface
form soaps or chelated compounds with the vehicle.
The cohesion component of adhesion depends upon
the structure of the vehicle polymer.

According to Chatfield3M, as most surfaces are
associated with negative charge, greater adhesion
will be obtained by the use of an additive which in
the presence of moisture tends to confer a positive
charge by altering the zeta-potential. Such addi­
tives are cationic surfactants in their various forms,
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which are sometimes so strongly adsorbed on certain
surfaces that more than a simple tendency to
ncutralize the charge is required to account for it,
and actual ion exchange at the interface is assumed.
Another instance in which additives are desirable
is in the application of paint to rusty and corroded
metal surfaces. The long chain amine salts, parti­
cularly the acetates and oleates of primary amines,
are used for this purpose, at about 0·5 per cent
concentration on the paint weight. Provided the
loosely adhering rust particles are removed by
brushing before the application of th~ paint, a paint
with such an additive can be applied direct to the
rusty surface when the remaining rust particles
will become incorporated into the paint in the same
manner as the pigment itself.

Some metallic structures are protected by paint
coatings and simultaneously by cathodic protection.
Anderton4t observed loss of adhesion of paint
coatings on cathodically protected laboratory panels
near standard coating breaks when the panels were
immersed in sea water. He found that the loss of
adhesion occurs initially near the coating breaks
and increases at a uniform rate depending on the
applied potential. The electrolyte solutions con­
taining the alkali cations, potassium and sodium
have been found to cause more loss of adhesion
to coating on cathodically protected structures.
Anderton suggested the mechanism that the diffu­
sion of water into the film of wash primer at the
coating break dissolves the soluble components
of the coating. Under the influence of the elec­
trical potential there will be an inflow of cations
with large proportions of sodium ions, since sodium
is the predominant cation in sea water. The presence
of chromate ions and acid in aqueous solution near
the coating break may produce soluble sodium or
potassium compounds with the binder which may
result in leaching out of the film at the break. The
excess of hydroxyl ions at the cathode will develop
an area of high alkalinity in the wash primer near
the coating break which attacks the bond of the
primer to the steel. Cations diffusing into the
wash primer film at the break will carry water with
them as hydrated ions and lead to loss of adhesion
of the coating.

Summary

The various phenomena related to the adsorption
of paint vehicles at solid-liquid interfaces which
causes the dispersion of pigments from the stand­
point of fo, fnulation of paints are reviewed. Factors
such as the heterogeneity of surfaces, nature of paint
vehicles, fineness of pigments, presence of surface
active agents, driers, etc., which are closely asso­
ciated with the phenomenon of adsorption and
other factors which control the consistency, visco­
sity, flow, levelling and gloss of paints are also
discussed. The wetting of pigments which mostly
controls the grinding and stability of paints and
factors such as the adhesion tension, the degree of
wetting in terms of interfacial tension and the
contact angle which determine the degree of dis­
persion and adhesion of the coating to the substrate
have also been reviewed.
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TABLE 2 - RELEASE OF OXYTOCIN RESULTING FROM

ELECTRICAL STJMULATJON OF VARJOUS .PARTS OF THE

CENTRAL N ERVQUS SYSTEM

T~.BLE 1 - SlTl~S OF ELECTRIC ACTIVITY J:-J CENTRAL

NERVOUS SVSTEI\l EVOKED BY MAM~lARY OR VAGI:-lAL

STIMULATION

causes release of oxytocin, and increase in aterine
activity or the ejection of milk. Nauta2 and
Denamur3 have recently outlined the neural path­
ways which seem to be involved in the milk-ejection
and other nellro-endocrine reflexes. According to
these workers, the afferent pathways to the hypo­
thalamus pass essentially through the brain-stem
reticular formation and the non-specific thalamic
nuclei which act as a first order analysing-integrating
system. Two other similar systems, in parallel

Mesencephalic cerebral 64-68
grey matter •

Midbrain reticular formations
Mamillary and 5npramamil-

lary region
Ventrolllc(lial hypothalamic

nuclei
Perifornical areas
L;mbic system including

eingulate gyrus
Amygdaloid nucleus

Ref.

Ref.

57

60,61

62,63

61. 69, 70

12,58, 59

Mamillary a.nd supramamil­
lary region

Ventromedial hypothalamic
nuclei

Medial amygdaloid nuclei
Cingulate gyrus

Species Strudurc

Rat Lateral hypothalamus
Perifornical arcas
Thalamus
Lateral preoptic areas
Hypothalamus
Medial forebrain bundle

Rabbit Hypothalamus
Thalamus
Limbic system
Septum
Hippocampus
Neocortex

Cat

Species Structure

Rabbit

Goat Mediallcmniscus
Mesencephalic rrticular

formations
Anterior hypothalamu,

Cat Supraoptic nuclei
Lateral preoptic areas
Medial forebrain bundle
Cingulate gyrns

Afferent Pathways
Much is known about sensory stimuli which

activate neuro-endocrine reflexes. In fact, it would
seem that there is no type of external stimulus which,
for example, may not give rise to the release of
one or the other of the hypophysial hormones.
Enteroceptive, blood-borne releasing stimuli are
also known and they may be divided into two types:
(i) hormonal feedback mechanisms by which
messengers released from one of the 'peripheral'
endocrine glands - say the gonads or the adrenal
cortex - stimulate or depress some part of the
central nervous system (CNS) functionally linked to
the pituitary, and (ii) changes in blood constituents
other than endocrines as, for example, a rise in
plasma osmotic pressure which leads to the release
of antidiuretic hormone from the neurohypophysis.

However, while the variety and efficacy of sti­
muli have been widely investigated, relatively little
is known about that part of the reflex arc which
connects the receptors with the fibres of the ulti­
mate final path. that is to say, with the neurosecre­
tory fibres which - by virtue of their secretory as
well as their neural function - must be regarded
as part of the efferent system.

The complexity of the problems involved is
perhaps best illustrated by discussing two neuro­
endocrine reflex systems which have been intensively
explored. It is well known that suckling and
vaginal stimulation lead to the release of oxytocin
which contracts the mammary myoepithelium,
thus causing the ejection of milk. Table 1 shows
that numerous parts of the CNS may be activated
by these stimuli. Table 2 shows the variety of
structures ,of the CNS whose electrical stimulation

-Dedicated to the memorv of Heinrich Waclsch, late
Professor of Biochemistry, Coiumbia University, New York,
and Cbairman of the Department of Pharmacology, New
York State Psychiatric Institute.

SOME neural mechanisms of hormonal control
. are easily definable in Sherringtonian terms.

The pathways, for example, which serve
the discharge of catecholamines from the adrenal
medulla are divisible into the classical triad receptor,
conductor and effector, in close analogy to the reflex
arcs for exocrine glands. Stimuli of various kinds
pursue 'private' pathways to reach internuncial
neurones which, in turn, converge on another set
of fibres providing the final common path. This
ultimate stretch may differ from the intermediate
common pathway only in that 'it exhibits com­
munism in a still higher degree' (Sherrington1),

but it may also contain neurones which elaborate
specialized 'neurosecretory' products. Reflex arcs
which contain such neurones (which, in vertebrates,
are mainly situated in the hypothalamus) have in
recent years proved to be the main apparatus which
integrates neuro-endocrine relationships.
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and in series, seem also to be concerned. First,
the limbic system-midbrain circuit of 1 auta2 to
which the supraoptic and paraventricular nuclei
are directly connected (there arc also indirect con­
nections bv way of the lateral hypothalamus) and,
secondly, the thalamo-cortical apparatus which
contains the sensory pathways.

The other neura-endocrine reflex I should like
to discuss is that concerned with the liberation of
vasopressin by osmotic stimuli. It differs from the
milk-ejection reflex in not being initiated by sensory
stimuli but by a blood-borne one. !iince, in some
species at least, it could be shown that an increase
in plasma osmotic pressure enhances vasopressin
release and a decrease inhibits liberation we are
dealing with a feedback type of neuro-endocrine
regulation, not very different from others in which
the concentration of a hormone from a peripheral
endocrine gland influences neurones which regulate
the release of trophic hormones from the adenohypo­
physis. Verney4 has demonstrated that in the
water-loaded dog, small rises of osmotic pressure
(of the order of 2 per cent) in the carotid blood inhibit
water diuresis. He showed also that osmotic stimuli
fail to act after removal of the posterior pituitary
lobe. Further observations on the effects of increases
in the osmotic pressure before and after ligation of the
ipsilateral internal carotid led to the conclusion that
the osmoregulators lie in the vascular bed normally
supplied by that vessel. By evidence from blood
distribution or degenerative cell loss, Jewell and
Verney5 restricted the site of osmoreception to a
discrete region of the diencephalon. Their work has
now been supplemented by experiments6-8 in which
the effect of hypertonic solutions on the electrical
activity of neurones in the anterior hypothalamus
were studied. It was found that the activity of the
slJpraoptic neurones was always enhanced and that
of the paraventricular cells inhibited. These results
combined with the evidence for the origin of vaso­
pressin-secreting neurones in the supraoptic nucleus,
and the fact that hormone secretion remains normal
after experimental isolation of the diencephalon9,

suggest strongly that the main site of the osmo­
receptors is in - or very near to - the supraoptic
nucleus. A contribution of other osmosensitive
regions to the regulation of neurohypophysial activity
can, however, not be excluded.

There is a difficultv. The effect of intracarotitl
hypertonic salt solutions on vasopressin release has
been demonstrated in the dog and almost certainly
also in th~ ['oat, the rabbit and in man, but so far
it has not been possible to show this mechanism
unequivocally in the rat. It is difficult to believe
that osmotic stimuli in this species do not operate in
their usual manner; the assumption that in the rat
the main osmoreceptors are not within the reach
of carotid blood seems preferable.

The Efferent Arc

Whether relatively short or highly complex, the
efferent portion of central neuro-endocrine pathways
seems to contain neurosecretory neurones as its
essential constituent. The question may, therefore,
be asked whether and in what manner this type of
neurone differs from ordinary nerve fibres.

Electroph)'siological Characteristics of
Neurosecretory Fibres

Neurosecretory cells show Nissl substance, bi­
polarity, neurofibrils and dendrites like ordinary
nerve cells. but their electric activity is relatively
little explored. Where single-unit recordings are
likely to have succeeded (leech neurohaemal areas'O,

goldfish preoptic neurones", rat hypothalamic neu­
rones!2, and others), action potentials of the usual
kind have been observed. The action potentials of
neurosecretory neurones of fishes and of the leech
were of significantly longer duration than those
recorded from nearby 'ordinary' neurones, but
those from the mammalian hypothalamus cannot be
so distinguished. This statement must at present
be made with the reservation that neurosecretory
neurones may not have been encountered in the latter
recordings.

·The postulate that neurosecretory fibres are
functioning as both secretory and conductory unit
is, however, difficult to avoid in the light of recent
theories on the mechanism of release of their hormonal
products. Depolarization of the nerve endings in the
isolated posterior lobe by a high concentration of K+
in the presence of Ca2+ has been shown to cause
release of vasopressin and oxytocin!3,14. Suspending
the isolated hormone-carrying granules in solution
at the same ion concentration did not lead to hormone
release14• Acetylcholine releases hormones neither
from isolated granules nor from pituitary lobes
in vitro but it does so from the whole isolated
hypothalamo-neurohypophysial complex l •• The best
fitting interpretation of these findings at present
would seem to be that acetylcholine, liberated by the
endings of the cholinergic fibres in synapse with the
neurosecretory fibres, elicits an electric impulse
in them which leads to changes in ion flux and in the
permeability of the axonal boundary and - in turn
- to hormone release.

Morphological Criteria for Neurosecretory Neurones

Diagnosis of neurosecretory function by light­
microscopy, based upon the occurrence of apparent
secretory inclusions in nerve fibres has proved to be
unreliable. The classical staining method of Gomori­
Bargmann and even the newer methods of staining
with alcian blue or pseudocyanin are inadequate
by themselves. For example, the neurones reaching
the medium eminence which serve as the source of
the 'releaser' substances regulating the output of
adenohypophysial hormones have yet to be defined by
light-microscopical methods's.!?

Ultrastructural studies show that the perikarya and
processes of neurone aggregations suspected of neuro­
secretory function contain electron-dense granules
between 1000 and 3000 A. in diameter. Granules of
these dimensions from the nerve endings in the
posterior pituitary lobe have been isolated by
differential centrifugation and the presence in them
of vasopressin and oxytocin has been established!8-~o.

However, similar evidence for other specialized
neurosecretory systems has, so far, not been provided.
It seems likely that such granules are characteristic of
neurosecretory neurones, but in invertebrates at least
similar organelles are also encountered in fibres
which are not known to be secretory. Moreover,
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catecholamines in peripheral nerves and acetylcholine
in brain and nerves have also been shown to be
stored in subcellular particles. The noradrenaline­
containing granules isolated from beef splenic nerve,
for example, have been described by von Euler21

as being 300-2000 A. in diameter. Some of them
contain electron-dense material which also appears
in units of about 200 A. Similar small submicro­
scopic elements (diam. about 500 A.), called synaptic
vesicles, have been seen in cholinergic nerve endings
and have also been isolated22.

Vesicles, morphologically quite indistinguishable
from these 'synaptic vesicles', occur abundantly
in the hypothalamo-neurohypophysial complex.
They are characteristic for the median eminence of
higher vertebrates" but occur also in the posterior
lobe either in the same fibre swelling as the large,
hormone-carrying granules or, less frequently, on their
own24. The significance of these small vesicles is
at present not established. Some workers2,,26 have
suggested that they contain transmitter substances
facilitating neuronal hormone release, others27 ,26
think that they may represent breakdown products of
the hormone-carrying granules.

Topographicol Characteristics of
Neurosecretory Systems

It used to be thought that neurosecretory systems
could be characterized by their proximity to blood
vessels and there can be no doubt that many­
or probably most - show this intimate relationship.
Such ' neurohaemal organs '2' are the neurohypo­
physis, the urophysis of fishes, the corpora cardiaca
of insects, the crustacean sinus gland and others.
In the neurohypophysis the nerve endings may lie
against the pericapillary basement membrane directly
(as, for example, in the teleost fish Lebisles30) or abut
on the perivascular (collagen) space.

However, evidence has recently been accumulating
that neurosecretory products may reach their target
cells not exclusively - or not primarily - through
the blood. Neuronal processes of neurosecretory cells
have been described in amphibians31 ,32, mammals33
and birds34 which extend towards and int<fthe lining
of the third ventricle, suggesting that their products
may be released into the cerebrospinal fluid.
Lofgren33 has postulated that material secreted in the
nuclear complexes of the tuber cinereum is carried
into the infundibular cavity and from there to the
primary portal plexus and the anterior pituitary.
Tinctorially (Gomori-negative, paraldehyde-fuchsin­
positive) the neurosecretory material so considered
does apparently not behave quite like that of neuro..
hypophysial neurosecretion and may be susp~cted

to represent or contain' releaser' substances for
the adenohypophysial 'trophic' hormones. How­
ever, the release of neurohypophysial hormones
into the cerebrospinal fluid remains also a distinct
possibility.

A neurosecretory pathway which does not involve
transmission through blood has quite recently been
well illustrated by Knowles3'. Fibres which are
neurosecretory by all accepted criteria - they are
stainable with Gomori's technique and contain
vesicles of about 1800 A. in diameter - have long
been known36-38 to originate in the preoptic nucleus of
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certain elasmobranch fishes and to enter the neuro­
intermediate lobe. Knowles3; has now shown that
in the dogfish (ScylilJ,hinus steUaris) these fibres
terminate on the secretory cells. Many such terminals
were found to make intimate contact with the
region of endoplasmic reticulum of the intrinsic
secretory cells in a manner which suggests that
a neurosecretory substance affects these cells
directly.

There an~ several other arrangements, particularly
in invertebrates, by which the products of neuro­
,secretory cells; reach their target tissue, but enough
has been said to show that the older concept of
defining neurosecretory neurones by their relationship
to blood vessels can no longer be sustained.

Chemical Characteristics of Neurosecretory Products

The suggestion has been made3s that there are
two fundamentally different forms of neurosecretion,
one concerned with the production of pepti(les and
another with the secretion of non-peptide substances,
and that the two types ha\'e ultrastructural correlates.
Present information ahout the chemical composition
of neurosecretory material, though scanty, is in favour
of this concept. Only the products of one neuro­
secretory system can so far be said to have been
intensively explored, namely those of the vertebrate
hypothalamo-neurohypophysi~ll complex. The bio­
logically active products of these neurones seem
to be a family of closely related octapeptides:
The seven hormones whose chemical constitution
has be~n ascertained differ from each other only
by substitution of one or two amino acids in posi­
t{ons 3, 4 or 8. Their distribution ranges from
the primitive jawless fishes, the cyclostomI's, to the
mammals.

Another hypothalamic neurosecretory system
produces the so-called' releasing factors' (RF), i;~.

substances which mediate the liberation of the
, trophic' hormones from the adenohypophysis.
Experimental evidence is extant for the existence
of a corticotrophin-releasing factor (CRF), a thyro­
trophin-releasing factor (TRF), a luteinizing hor­
mone-releasing factor (LH-RF), a follicle stimulat­
ing hormone-releasing factor (FSH-RF)39 and a
growth hormone-releasing factor (GH-RF)40,41. It
seems that TRF42 LH-RF and FSH-Rp9 are
small polypeptides ~vith molecular weights slightly
greater than those of the vasopressin or oxytocin.
CRF presents a special problem since, according to
Guillemin and Schally43, there are two such substances:
<X-CRF which is chemically closely related to ct-MSM
(13 amino acids) and ~·CRF, related to lysine vaso­
pressin but with a somewhat larger molecule. Since
the activity of LH-RF is not abolished by thio­
glycollate44 , and TRF and <x-CRF, according to their
published structure, could not be inactivated either, •
one would be tempted to assume that the releasing
factors belong to a family of peptides different from
the neurohypophysial hormones which have a
disulphide bridge and are hence all inactivated by
thioglycollate. ~-CRF may be an exception: Guille­
min and Schally43 have reported its inactivation by
thioglycollate, but this finding was not confirmed by
Ramirez and McCann44. A further hypothalamic
factor, the prolactin-inhibiting factor (PIF),
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acting directly on the anterior pituitary where
it inhibits prolactin secretion, has been described
by Talwalker et al:". Its chemical composition
i! unknown.

Relatively little is known about the chemical COlII­

position of the hormones produced by invertebrate
neurosecretQry complexes. Only two groups of
higher ihvertebrates have been studied.

Insects _. Groups of neurosecretory cells in the
insect brain discharge their products into the corpora
cardiaca and corpora allata. These ~eurusecretory

cells differ from ordinary neurones by the presence
of, usually, electron-dense granules. Moreover, the
neurosecretory material stains with Gomori's tech­
nique and with aldehyde-fuchsin. The neurosecretory
cells seem to be akin to the intrinsic glandular cells
of the corpora cardiaca, organs which, in addition to
producing hormonal substances of their own, serve
also as centres for the storage and release of the
neurosecretory material of cerebral origin'·. A similar
arrangement probably obtains for the corpora
allata.

The hormone of the brain cells has been claimed
by Kobayashi" to be a lipid, and even cholesterol.
However, other .J apanese workers'" have obtained
active peptides from insect brain extracts, and
Gersch et al.''' have reported on four active substances
in the brain of the cockroach (Periplaneta americana),
two of which seem also to be polypeptides. Which
of the many active substances found in extracts of
corpora cardiaca arc neurosecretory products, stem­
ming from the axons of the brain cells, has not been
established. Three, at least, of the active constituents
of the corpus canliaca of the cockroach have been
clearly defined as peptides'o, but a number of
pharmacologically active 'small molecules' ha\'e
also been found in extracts of this organ'I-'3.
-Crustaceans --Most of the known endocrine systems

of crustaceans (sinus gland, postcommissural organs,
pericardial organs) arc neurosecretory. Only the
chemistry of the hormones of the pericardial organs
has, to some degree, been investigated. Some of these
seem to be polypeptides" 56.

While clearly only a beginning, these findinl{s
suggest that the situation in invertebrates may not be
so very different from the' chemical spectrum' of
vertebrate neurosecretory systems: if, for example,
the activities in mammalian hypothalamic extracts
are considered as a whole. one finds a similar mixture
of families of specific polypeptides and of small
molecular substances of more general distribution
(S-hydroxytryptamine, acetylcholine, etc.).
Returnin~ now to the main theme, namely the

characteri~ation of neurosecretory systems, it would
seem that anyone criterion is insufficient. At pres('nt
these systems may perhaps be best defined in the
followiur; terms: (I) neurosecretory fibres form
complexes which can be histologically recogni~ed;

(2) ultrastrncturalh', they contain membrane-bound
secretory granules; (3) they produce ~recilic sub­
stances which lI1a\' he mainly (or perhaps e\'en
exclusively) biologically active polypepticle~.

A sharper definition is difficult - the distinction,
for example, between' true' neurosecretory systems
and cholinergic and adrenergic neurones is not an
entirely clear one. However, there can be little doubt

that neurosecretory neurones are an essential link
in the control of endocrine secretions.

Summary

Neuro-endocrine reflex arcs and the significance of
neurosecretory neurones in such systems are dis­
cussed. The complexities of the afferent part of
these arcs are illustrated by enumerating the regions
of the central nervous system which may be concerned
in the release of oxytocin by the stimulus of suckling.
Another example given is the pathways leading to the
secretion of antidiuretic hormone after an increase of
blood oSll1oticity. The similarity between the latter
mechanisms and the neuro-endocrine feedback of the
hormones of the adenohypophysis is poin ted out.
The neurosecretory fibres are defined as part of the
efferent arc, but it is stressed that it is not easy
to give an unequivocal characterization of these units:
Their elcctrophysiological properties are probably
the same as those of' ordinary' neurones and while
ultrastructural studies show that they usually contain
electron-dense inclusions of 1000-3000 A. diameter,
secretory granules (perhaps with morphologically
slightly different characteristics) are also found in
other parts of the nervous system. The topographical
relationships of neurosecretory fibres are of some help
in defining them, but recent work has shown that
the endings of neurosecretory fibres may also end in,
or near, other structures than blood vessels. A
recent suggestion is then discussed, namely that
there are two different forms of neurosecretion,
one concerned with the production of peptides and
one with smaller molecular substances, and that these
two types have ultrastructural correlates. A survey
of the chemical nature of neurosecretory products in
vertebrates and invertebrates is, on the whole, shown
to favour this concept, although the important proviso
must be made that the biochemistry of neurosecretory
products is as yet in its infancy.

References

1. SHERRINGTON, C. S., The integrative action oj the
"ervous system (Cambridge University Press,Cambridge),
1947.

2. X:\UTA, vv. ]. H., in Advances -in 'neuroendocrinology,
edited by A. V. Nalbandov (University of Illinois Press,
Urbana), 1963, 5.

3. DENAMUR, R, Dairy Sci. Abstr., 27 (1965), 193,263.
4. VERNEY, E. B., Irish f. med. Sci., No. 345 (1954), 377.
5. JEWELL, P. A. & VERNEY, E. B., Phil. T.ans., 240B

(1957),197.
6. CROSS, B. A. & GREEN, J. D., J. Physiol., 148 (1959).

554.
7. BROOKS, C. Me. C., USHIYAMA, J. & LANGE, c., Anter.

J. Physiol., 202 (1962), 487.
8. KOlZUMl, K., ISHIKUM1, T. & BROOKS, C. Me. C., J.

Neurophysiol., (1964), 878.
9. WOODS, J. W. & BARD, 1'., Acta elldocr., Copenhagen,

35 (1960), (Supp!. 51), 113.
10. YAGI, K., BERN, H. A. & HAGADORN, J. R, Ge... compo

Endocri ... , 3 (1963). 490.
11. K.\NDEL, E. R, J. ge... Physiol., 47 (1964), 691.
12. llARRAeLOUGH, C. A. & CROSS, B. A., J. Endocrin., 26

(1963), 339.
13. DOUGLAS, W. W., Nature, Lond., 197 (1963), 81.
14. DAN.IEL, A. R & LEDERIS, K., Gen. compo Endoc.i... ,

3 (1963), 693.
15. DANIEL, A. R. & LEDER!S, K., J. Endoc.i... , 34 (1966),

91.
16. IlARKER-J13RGENSEN, C., Arch. Anal. micro Morph. exp.,

54 (1965), 261.

301



J. SCI. INDUSTR. RES., VOL. 25, JULY 1966

17. BERN, B. A. & KNOWLES, F. C. W., in Neuroendocrino­
logy, edited by L. Martini & W. F. Ganong (Academic
Press Inc., New York), 1966 (in press).

18. HELLER, H. & LEDERIS, K, in NCltrosecretio/!, edited
by H. Heller & R. B. Clark (Academic Pres.' 1nc.,
London), 1962, 35.

19. BARER, R., HELLER, H. & LEDER IS, K, Proc. roy. Soc.,
158B (1963), 388.

20. WEINSTEIN, H., MALAMED, A. & SACHS, H., Biochem.
biophys. Ac/a, 50 (1961). 386.

21. VON EULER, U. S.; Harvey Leel., Series 55, 1961,43.
22. WHITTAKER, V. P., MICHAELSON, J. A. & KIRKLAND,

R. J. A., 13ioche1ll.]., 90 (1963), 293.
23. OOTA, Y, 1- Fac. Sci. Tokyo Univ., 10 (1963), ISS.
24. LWERIS, 1<., Z. Zellforsch., 65 (1965), 847.
25. KOELLE, C. B.; Nat"re, Lond., 190 (1961). 208.
26. DE ROBERTIS, E., ffistoph.ysiology of sYl1apses and 1UltrO­

secrelion (Pergamon Press, Oxford). 1964.
27. HOLMES, R. L. & [(NOWLES, F. C. W., Nalure, T.olld.,

185 (1960). 710.
28. LEDERIS, [(.,]. Endocrill., 27 (1963), 133.
29. CARLISLE, D. 13. & KNOWLES, F. C. W., Nalure, Lond.,

172 (1953). 404.
30. F'OLLENfUS, E. & PORTE, A., in Neurosecretioll, ('<1;ted

by I f. Heller & R. B. Clark (Academic Pre" I nr.,
London), 1962, 51.

31. WILSON, L. D., WEINI1ERG, J. A. & BER", H. A.,J. comp.
Neurol., 107 (1957). 253.

32. SMOLLER, C. G., Science, 147 (1965). 882.
33. LOFGREN, F., Arln 1/Iorph. ·lIcc,.l. scand., 3 (1960),

55.
34. NISHlOK.\, R. S .. BERN, H. A. & MEWALDT, L. R, G,n.

comp. EII</o(,riu., 4 (1964). 304.
35. KNOWLES, F. C. W., Phil. 1'''''"5., 249B (1965), 435.
36. SCHARRER, E., Z. Zellforsch., 37 (1952), 196.
37. ~1AZZI, Y., 1Iiv. Bioi., 44 (1952), 429.
38. BARGMANN, W., Z. Zellforsch., 42 (1955), 247.
39. DH.\RIVAL, A. P. S., • 'ALLAR, R., BATT, M. & MCCANN,

S. 1-1., Endocrillolo/iY, 76 (1965), 290.
40. FRANZ . .T., I{ASELBACH, C. H. & LmERT, 0., Acia. ,,,,Iorl'.,

Copenhagm, 41 (1962),336.
41. DUEBEN, R. & MElTliS, J., Pror. SOf. e.rp. Riol., .V.Y.,

118 (1965), 409.
42. SCHREIBER, Y., E.Tperien/ia, 18 (962), 338.
43. (~UILLE:\IlN, R. & SCHALLY, i\. V., in Advanc?s ill neuYO­

cndocril1fi!ogy, edited ur A. V. Nalbanclov (llni\'ersit~· of
lliinois Pres>, Urbana), 1963, 314.

44. RUIIREZ, V. I). & MCCA~N, S. ~1., ,4111er. 1. Physiol.,
207 (1964), 441.

302

-lS. TALWALKER, P. ],., HATNER, A. & MEITES, J., Amer. J,
Physiol., 205 (1963), 213.

46. SCHARRER, B., Arch. Anal. Initr. Morph. exp., 54 (1965),
331.

47. KOBAYASHI, M., Proc. XVI into congr. Zool., 4 (19(;3).
226.

48. fSHIKAWA, M. & ISHlZAKI, H., Natllre, Lond., 198 (1963),
226.

49. GERSCH, M., UNGER, H., FISCHER, F. & KAPITZA, \Y.,
Z. Naillfr., 186 (1963), 587.

SO. BROW", fl. E., Cm. compo /i·"dorr;'/., 5 (1965), 387.
51. GERSCH, M., FISCHER, F., lIN(;EI<, H. & KAPJTZA, \Y.,

Z. Na/urI, 166 (1961), 351.
52. COLHOUN, H... H., Expel'ie"lia, 19 (1963). 9.
53. n.\RTON-TlROWNE, 1.., DODSON, I .. F. & HODGSO", E. S.,

(;m. compo E"docrin., 1 (1962). 232.
54. MWNARD, D. H. & WELSH, J. 1-1., J. Ph)'"iol., 149 (1959),

215.
55. CHO\RNIAUX-COTTON, 1-1. & I,LEI"HOLZ, L. 1-1., in Th'

hormones, Vol. 4, edited hy (~. VinclIs, K. Y. Thimann
& E. R. Astwood (Academic Pr('s~ Inc., Kc\\' York).
1964, 135.

56. C.\RLlSLE. D, B., in Comparalh'l' 1U:t!"orltemistr)'. edited
1)\' D. Hichter (Per~alllon 1'1'<',", Oxford), 1964, 323.

57. HOLLAND, R C. & CROSS, n. A., in O.1"1'loriu, edited
hv R. Caldeyro- Barcia & H. Hl'il"r (P"rgamon Pr",s,
Oxford), 1961, 24.

58. B.\RRACLOUGH, C A. & CROSS, Il. A., J. Neprod. [.'"./.,
4 (1962), 213.

59. H,'RR."'·I.OlJGH, C'. A., AlIal. Htc., 136 (1960), 159.
60. PORTER, C W., A1IIer. ./. Physiol., 189 (1957), 145.
61. HEYER, F. C, ANGUIANO, I .. C & MENo\, J. F., Amer. J.

Phy"iol., 200 (1961), 625.
62. ANDERSSON, B., .'leta l,h.1',,;..I. srand., 23 (1951), 1.
63. '\NDERSSON, n. & Mct' A!'", S. M., Aria ph)'siol. sca"d.,

35 (1955), I'll.
64. CROSS, n. A., in Oxvlorill. c·dih·d hy H. Caldc\TO-Barria

& H. ",,11,·1' (P,'rga'll1on I'r,·ss, OXf<>r<I), 1961.'24.
65. CROSS, B. A. & SII.V"", f. :\.,./. E·mlorril1 .. 22 (1961),33.
66. l'AWAKI'''', :vr., TERAS.\\\·A. E. & "A\\'ACHI, J., ./a1' . ./.

Physiol .. 14 (191)4), 102.
67. SHl;lIZll, S., BAN, T. 8: )\{IROTS1I, E., jl1t'd . ./. f)'aka

U"iv., 7 (19.16), 79.
68. l\:01KEC.Al\ll, II., Y.'\l\I:\J).\, T. & USl'l, 1\., Tulia. r.'yrMat.

·"e11.1·. jap., 8 11954\, 7.
69. MEN,', F., .'\Nr;\II."o, J. C. & BEY"R, c., Tloln. JII,I.

Est/fd. mCd. hi ..l. Ulli,'. 11{/(. MeL. 19 (19611,119.
70. SHEALEY, N. C. & I'''''''-E, I.. T.,). N'·/frnphvs;ol., 20

(1957),125.



Recent Advances in the Analysis of Lipids
U. K. MISK ....
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DURING ~.!Je last decade si~nificant progress
has been m'ade in understanding the chemistry
and metabolism of lipids. These advances

have been mainly due to the ~reat emphasis
laid on the etiology and the possible cure for
atherosclerosis and other diseases connected \,ith
lipid metabolism. In spite of the difficulties often
encountered by workers in this field, a remarkable
progress has been made in developing improved pro­
cedures for the isolation, fractionation and chemical
characteri7.ation of the biolof{ically occurring lipids.
With the development of gas-liquid chromatography,
followell by the application of silicic acid adsorbents
to column chromatography and later to thin layer
chromatography, the biochemist has been able to
separate efficiently the many components of complex
lipid mixtures. The present review will discuss
the recen t methods employed in achieving the
separation and identification of biologically occurring
lipids.

Extraction and Isolation of Lipids
from Tissues

The lipids in tissues exist largely bound to proteins
as lipoproteins. Therefore, the various extraction
procedures employed for isolating lipids from tissues
involve the usc of the solvent system, usually a
mixture of polar and non-polar solvents, which
rupture the proll'in to lipid bond and at the same time
extract the lipid completely. Various solvent mix­
~ures have been used for extracting lipids from
tissues a])(1 body fluids, such as ethanol-ether,
chloroform-methailOl, etc.1. These solvent mixtures
have inherent difficulties of achieving the desired
extraction. One solvent system, e.g. ethanol-ether,
may be efficient for lipid extraction from plasma but
not from other tissues such as brain. The conditions
of lipid extraction may also vary. For example,
heat is required in the case of fatty tissues.
Chloroform-methanol mixtures in varying proportions
arc the solvent systems of choice for extracting lipids
from tissues and body fluids'. The extraction of
total lipids is quantitative with this solvent mixture.
The optimum solvent to tissue ratio for extraction of
lipid may vary from tissue to tissue. Hanahan' has
reported that three parts of solvent to one part of
tissue are quite adequate for complete extraction.
The extraction of lipids at 4°C. will avoid the possible
activation of certain lipid degrading enzymes.
Exposure to atmospheric oxygen and light (which
induces peroxide formation) during extraction should
be avoided as these will improve the quality of
the final lipid extract. Sometimes a further check
should be made for complete extraction by subjecting
the solvent extracted residue to acid or alkaline
hydrolysis at reflux temperature. If no fatty acids
are recovered in the hydrolysates, it is reasonable
to assume that the extracted material represent the
'total lipids"-'.

Chloroform-methanol solvent mixture with certain
modification, e.g. addition of water, NaCI, IN HCI,
prior treatment of the tissues with acetone, etc., has
also been used for the extraction of proteolipids6- n ,
phosphatidopeptidesI2, triphosphoinositidesI3, gang­
liosides14-1H and sulphatides19 ' 24 .

Palmer and RossiterI3 have recently described
a method for the isolation of mono-, di- and tri­
phosphoinositides from tissues. In this method mono­
phosphoinositides are extracted with chloroform­
methanol (2: I, vol./vol.) and di- and triphospho­
inositides arc extracted when one part of conc.
HCl is added to 300 parts of chloroform-methanol
(2:1, voL/voL). The phosphoinositides are then
separated chromatographically on formaldehyde
treated paper.

Possible Alterations in Lipid Structure
during Extraction

The optimum conditions for the extraction of lipids
from tissues and body fluids vary from tissue to tissue.
The nature of the sample, the purity of the solvents
used, temperature, light and oxygen and the pro­
cedures employed for extraction can significantly
influence the end results. Use of elevated tempera­
ture may alter the lipid composition of the mixture.
The elevated temperatures along with solvents may
activate certain lipolytic enzymes, e.g. activation of
phosphalipases A, C and D by solvents'5-2H. The
important considerations to be kept in view while
attempting the isolation of lipids from biological
sources are: (i) use of nitrogen atmosphere, (ii) use of
purified and suitable solvents, (iii) rapid .removal of
the tissues after sacrificing the experimental animals
to minimize enzymatic changes, (iv) quick maceration
of the tissues, (v) use of proper solvent to tissue ratio,
(vi) heat only when necessary, (vii) removal of non­
lipid impurities without loss of lipid, and (viii) storage
under conditions that minimize alterations in lipids.

Removal of Non-Lipid Impurities
from Lipid Extract

Lipids tend to solubilize non-lipid impurities
such as sugars, free amino acid, urea, etc. The
following methods have been used to remove non-lipid
impurities from lipid extracts.

Partition method - In this method the lipid
extract is partitioned with 0·2 volume of water or
salt solutions', viz. Na, K, Ca or Mg. The use of
salt solutions avoids the interfacial fluffy layer
and also decreases the loss of more acidic types of
phospholipids, at the interface or in the water phase.
The lower phase (chloroform layer) contains the pure
lipids.

Dialysis - In this the lipid solution in petroleum
ether is dialysed through a rubber membrane for
24 hr against petroleum ether. All the non-lipid
contaminants are dialysed out. A routine check
should always be made on the dialysate for lipid
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components. If they appear, the fractions are
recombined and dialysis repeated29.

Other effective methods for the removal of non-lipid
material from lipid extract have been reported
using paper chromatography30, electrodialysis31 ,
electrophoresis32 and sephadex columns33.

Storage of Lipid Extract

The conditions under which lipid extract is stored
are quite important, for it has been reported that
normal atmospheric conditions of storage and
unfavourable temperatures significantly alter the
compositions of lipid mixtures3'. Lipid extracts, rich
in polyunsaturated fatty acids, are more susceptible
to these changes and may result in auto-oxidized and
polymerized products. Exposure of lipid extract to
light can modify its cholesterol content35. The
browning and formation of viscous solutions of amino
phospholipids have been reported in cases where
adequate precautions for storage were not taken.
In order to minimize these changes in lipid mixture,
they should be stored in chloroform in a reasonably
dilute solution at or under _8°C. in an atmo­
sphere of nitrogen with minimum exposure to
light. .

Fractionation of Lipid Extract

In addition to the possible oxidative changes and
enzymatic alterations occurring during the isolation
of lipids from tissues, the presence of contaminants
complicates the fractionation procedures. Several
schemes involving complex formation2-5, solvent
fractionationH , countercurrent distributionH ,36, salt
fractionation2-5, column chromatography37-39, etc.,
have been employed to fractionate lipid mixtures
and these have been reviewed recently2-5. While
no one procedure can be recommended as the
best, the ,column chromatographic techniques have
proved very satisfactory and these will be discussed
here.

Acetone Fractionation

Acetone has been widelv used for the initial
fractionation of phospholipids from the lipid mixture2•

Phospholipids are insoluble in acetone whereas
neutral lipids are soluble. Thus phospholipids of beef
and rat liver have been obtained in 95 per cent yield
by acetone treatment of the total lipid preparation
at room temperature. The fractionation can also be'
carried out at 4°C., but in this case a significant
amount of neutral lipids may be precipitated along
with phospholipids. Acetone precipitates certain
phospholipids adequately but in many instances it
fails to precipitate all phospholipids. For example,
phospholipids of erythrocytes and haddock flesh are
not completely precipitated even at _20' or -25°C.
In order to overcome this difficulty MgClz, which aids
considerably in precipitating all phospholipids, is
added to acetone. The addition of MgCl2 may alter
the cation composition of some of the more acidic
phospholipids found in many tissues (i.e. phospho­
inositides and phosphatidylserine). Trichloracetic
acid has also been used to precipitate phospholipids,
but this precipitant may cause some hydrolysis
of plasmalogenic phospholipids even under mild
conditions'·.
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Column Chromatography

Column chromatography is of immense value in the
isolation and purification of lipids in the study oi
their metabolism. Development of chromatographic
methods has made most problems in lipid chemistry
and biochemistry more practicable than. they were
previously. The problem of resolv;;lg lipid extracts
from natural sources on a preparative scale into
separate, intact, molecular species has been investi­
gated most su~.cessfully by column chromatography
on silicic acid"7,39. Therefore, it is important to stress
the necessity of complete separation of a lipid
mixture. The technique of column chromatography
is dependent on many factors and the investigator
should choose the conditions giving maximum degree
of separation of lipid mixture. Some of these factors
are discussed below.

Adsorbants - The adsorbants which have been
used in column chromatography for lipid separation
are magnesium oxide38,41,42, alumina2,'3-'5, cellu­
loseI2,:lS,46,47, silicic acid39 ,.s-67, florisiI6S-7:l, diethyl­
aminoethyl cellulose3s, •• ,74 and methylated sephadex
G_2575-7R. Among these, silicic acid has been most
widely used. In most cases the selection of the
adsorbant is the first problem. The capacity to
adsorb the lipid strongly and allow the displacement
without difficulty is a necessary requirement of an
adsorbant. The adsorbant should have a preferential
affinity for the lipid. The second important require­
ment is the particle size of the adsorbant. The
particles should be small enough to give a maximum
adsorptive surface, yet not so small that they tightly
bind the solute and give extremely low flow rate
resulting in the involvement of more time and other
factors. The next thing to be considered is the
availability and reproducibility of the adsorbant.
This is particularly true of silicic acid.

Column - The selection of the column is governed
to a great extent by the amount of adsorbant to be
used. Long narrow glass columns usually give the
best separations. However, more narrow columns
with smaller particle size adsorbants give slower flow
rates. A general practice is to keep the ratio of length
to diameter of the column within a range of 5: 1 to
15: 1, with the final choice made on the basis of the
amount of adsorbant needed to hold and separate the
solute and the desired flow rate. Some preliminary
experimentation will be necessary before a final
selection can be made.

Elution - In practice, solvent pairs arc often used
and elution carried out with the mixture of the two.
A solvent pair usually includes a polar and non-polar
material, the selection of which is based on their
ability to elute the most polar members of the
lipid mixture to be resolved. The solvent pairs
which have been used to elute neutral lipids from
silicic acid columns are mixtures of petroleum ether­
benzene, diethylether-hexane and diethylether-pen­
tane and benzene-hexane. For eluting phospholipids,
chloroform-methanol mixture has been used38,39.
When neutral lipids are desired to be separated from
phospholipids, they are eluted with chloroform and
then phospholipids with methanol. Once the selection
of solvent has been made, the lipids from the column
may be eluted by (i) stepwise elution or (ii) gradient
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elution79 • In stepwise elution, the column is eluted
with predetermined quantities of different specific
mixtures of the solvent pairs. This type of elution is
quite adequate when compounds of different polarities
are to be separated. In gradient elution, the column
is developed by the addition of a continuously
changing proportion of one solvent to the other
member of the Pilir. This method of elution is useful
when it is desiret} to separate as many individual
compounds as possible or to separate a mixture of
closely related solutes on the basis of their polarity.
In both stepwise and gradient elutitln, the usual
practice is to start with the least polar mixture
or a member of the pair and increase the polarity
by the addition of the more polar material.

The elution of lipids from the column involves
displacement analysis. The relative degree of solute
and solvent affinity to adsorbant can be expressed
in terms of the polarity, and this offers a convenient
mode of expression of displacement development.
If one considers a natural lipid mixture from the
standpoint of polarity, the individual components
may be rated with respect to degree of polarity
beginning with the least polar hydrocarbons and
concluding with the most polar phospholipids, i.e.
lysolecithin.

Silicic Acid Column Chromato~raphy

The use of silicic acid for separating lipid mixture
was made by Trappe who separated glycerides from
cholesterol esters"s. Borgstrom's used silicic acid
to separate neutral lipids from phospholipids. Since
then, silicic acid has been used effectively to separate
the lipid mixtures from various animal tissues and
body fluids"-67 . Silicic acid has the advantage of
being commercially available in highly pure form
and the results obtained with it are quite reproducible.
:F-he elution pattern of neutral lipids from silicic
acid columns is of the following order: hydrocarbon,
cholesterol, triglyceride, unesterified fatty acid,
free fatty acid, free cholesterol, diglyceride and
monoglyceride. In the class of phospholipids, more
acidic type phospholipids are eluted first followed by
inositides and phosphatidyl choline, sphingomyelin
and lastly lysolecithin (Table 1).

Silicic acid columns have certain limitations,
though they are widely used for separating lipid
mixtures. The main difficulties are tailing of peaks
and non-reproducibility of results. These difficulties
arise because silicic acid is not an ideal adsorbant
for all classes of lipids, especially phospholipids,
where various phospholipids such as cardiolipin,
phosphatidyl serine, inositides, sulphatides and
gangliosides overlap in the elution scheme80• The
difference in the binding of sphingomyelin with silicic
acid as compared to lecithin is not great enough for
the complete separation of these two substances38,81,82.

These difficulties can be overcome to a great extent
if certain factors discussed below are taken into con­
sideration in using silicic acid as the adsorbant for
lipid separation.

Water content - Water content of silicic acid deter­
mines its adsorption properties. The adsorption
capacity decreases with increasing water content.
For the separation of neutral lipids the water content
of silicic acid has to be nil, whereas the presence of

TABLE t - ORDER OF ELUTION OF LIPIDS FROM SILICIC
ACID COLUMNS"

I Hydrocarbons

I Esters other than steryI esters and diglyccrides
Steryl esters

~ Fatty aldehydes (1)
Triglyceride,
Long chain alcohols
Fatty acids
Ouinol1(,s
Sterols
Digl yceride,
l\1onogl yccrides
Glycolipids
Lipoamino acids
Bile acids
Glycerophosphatidic acids
Inositol containing lipids
Phosphatidyl ethanolamines
Lysophosphatidyl ethanolamines
l.ecithins
Sph,ingomyelins
Lysolecithin
Ethers
Miscellaneous lipids

water in silicic acid favours the separation of
phospholipids.

Silicate content - Most silicic acids contain a
considerable quantity of silicate which binds water
firmly resulting in increased retention time of the
lipid on the column. Therefore, the purity of silicic
acid is of considerable importance in reproducibility
of results.

Particle size - Great care should be taken in
choosing the particle size of the silicic acid.
Particle size should be such that there is enough
surface for lipid binding and desirable flow rates are
obtained with least overlapping of fractions.

Loading factor - The amount of lipid applied on
the column is of great importance. A convenient
amount of lipid should be applied to achieve the
best results. The reasonable amount of lipid which
should be applied on the column is in the range of
6-10 mg.fg. silicic acid. Overloading of the column
may result in the overlapping of certain fractions and
poor separation.

For a good fractionation of lipid mixture, fresh
batches of suitably activated silicic acid should be
used. This requirement is not so rigid in the case of
phospholipids where the same column can be reused
after adequate washing of the column with methanol
followed by chloroform. The use of cotton plugs
for supporting of column material should be avoided
as this can adsorb some of the phosphoinositides2•

Activation of silicic acid is achieved by heating it to
110°C. for 24 hI' and sieved' to the desired particle
size. The silicic acid can also be treated with
solvents, e.g. diethylether and acetone and heated at
1000 e. for 3 hI' and sieved to the desired particle size2•

The columns for separation are prepared by pouring
a slurry of the activated silicic acid in suitable solvent
into glass columns. After adequate washing of the
column with solvents, the lipid is applied at the top
and elution started. The column can be operated
in a temperature controlled room, or fitted with a
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Chart 1 - Ion exchange reaction of phosphatidyl ethanol­
amine with silicic acid38

Substances eluted

Phosphatidyl serine and
gangliosides

Cerebroside sulphate, ino­
sitol phosphatides and
cardiolipin

Lecithin, sphingomyelin,
ccramidc, cerebrosides,
cholesterol, lvsolecithin,
sterol esters and glycerides

Phosphatidyl ethanolamine

Water-soluble non-lipids

Free fatty acids

Chloroform-methanol (7; 3)

Methanol

Chloroform-glacial acetic
acid (3; 1) containing
O'OOloM potassium acetate

Glacial acetic acid

Chloroform-methanol (4; 1)
containing 10 mL/litre
conc. aqueous ammonia

Eluting solvent (vol./vol.)

Chloroform-methanol (7; 1)

TABLE 2 - ELUTION SCHEME OF LIPIDS FROM DEAE­
CELLULOSE (ACETATE FORM) COLUMNS"

Diethylaminoethyl (DEAE)-Cellulose
Column Chromatography

The major drawback of silicic acid is that the
separation of acidic and non-acidic lipids is not clea.~.

To overcome this difficulty cellulose ion exchangers
have been used for fractionating lipid mixtures.
Several ion exchange cellulose columns such as
carboxymethyl cellulose, disodium <-hosphocellulose,
Ecteola triethylaminoethyl (T t:AE)-cellulose and
DEAE-cellulose have been used for phospholIpid
separation""'S4~ These exchangers do not require the
presence of water for the rete.ntlOn of lIpids and
reproducible results are obtamed under careful
conditions. Among these DEAE has been reported
to be the most promising for lipid separation. Ecteola
behaves essentially like DEAE and TEAE is similar
to DEAE in many respects. The difference between
DEAE and TEAE is that acetate and chloride forms
of TEAE do not bind lipid, instead hydroxyl form
binds lipids readily. Another difference between
DEAE and TEAE is that DEAE in acetate form
readily binds phosphatidyl ethanolamine in the
absence of water, whereas the hydroxy form of TEAE
does so only in the presence of water. DEAE­
cellulose has been used in the acetate form because
this form does not liberate strong acid during ion ex­
change reaction that would destroy acid labile lipids,
e.g. plasmalogens. After a thorough prewashing with
IN HCI followed by water and IN KOH, the DEAE­
cellulose is put in the acetate form by treatment
with glacial acetic acid. The aCid IS washed out with
methanol and the column is prepared in a suitable
chloroform-methanol mixture, before application of
the sample. Phosphatidyl ethanolamine is obtained
in pure form from DEAE-cellulose column and
all the water-soluble non-lipid contaminants are
eluted in a single fraction free of lipid (Table 2).
The other fraction obtained, however, must :::
separated into individual lipid classes by other means,
e.g. silicic acid column chromatography. . .

The zwitterion lipids, sllch as leclthm and
sphingomyelin, show very lit~le tendency to bind to
DEAE-cellulose and are retamed only very slIghtly
by DEAE. They are eluted with non-ionic solvents

PE

o
- II +
O-P-O-(CH,),- NH,

dR PE ""\,.

t 0

I 1 + II
-Si-O H,N-(CH,l,-O-P-OR

t I J)H
I ~ }t/Jf PE silicale

-Si-OI-1 + H,N-(CH')'-i-OR

I OH

Silicic acid

I
-Si-OH +

I
Silicic acid

water jacket to maintain a constant temperature
during elution. The columns should be protected
from light. The flow rate should be reasonable
(10 ml./2-3 min.). If the flow rate IS sl0:-V, th: desIr­
ed flow rates can be achieved by applymg mtrogen
pressure. Neutral lipids are eluted with inc~easing

concentration of diethylether in hexane, or dlethyl­
ether-petroleum ether (b. p. 40-60°C) or diet~}:'lether

in pentane, or benzene in hexane.. PhospholIpids a~e

eluted with increasing concentration of methanol 111

chloroform. The progress of elution of lipids from the
columns can be followed either by weight assay or
by chemical analysis of the particular lipid component
in effluent"a. For every unknown sample the amount
of a particular solvent system to elute a particular
component has to be predetermined. The lipid com­
ponents eluted from the column are pooled according
to the size of their peaks and evaporated to
dryness in vacuo, preferably in a rotary. evaporator
under nitrogen at 40-45°C. The dned reSidue
is dissolved quantitatively in a known volume of
chloroform and stored under nitrogen at or under
_8°C.

Silicic acid columns appear to function largely
by ion exchange and hyd~ogen bonding38.. The ion
exchange reaction of SIlICIC aCid can be Illustrated
by the behaviour of phosphatldyl :tha!10lamme on
silicic acid columns (Chart I). A Similar IOn exchange
reaction occurs with lecithin, resulting in its stronger
binding on the column than the phosphatidyl
ethanolamine.

The role of hydrogen bonding in silicic .acid
column chromatography is illustrated by the differ­
ences in the elution characteristics of a number of
compounds. Lysolecithin is eluted from silicic ~cid

c.olumns after lecithin. The ion exchange reactIOns
are presumably the same for both molecules, but the
presence of hydroxyl group in lecithin creates an
additional site for hydrogen bondmg resultmg m the
stronger binding of lysolecithin on the column.
The ion exchange reactIOns do not occur m the case of
cholesterol. A substance such as lysolecithin which
interacts bv ion exchange and hydrogen bonding
requires methanol for elution. Cholesterol with
one OH group is rapidly eluted with ether, while
cerebrosides containing several OH groups reqUIre
chloroform-methanol mixture for elution.
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1'1' hOllnd to DEAE

Chart 2 - Ion cxchallJ{t' rl'action of phosphaticlyl ethanol­
amini' with 1)Ei\E-ceIl1lIos(~3M

such as chloroform-methanol. The non-ionic lipids
(cholesterol and cerebrosides), which do not have
strong hydrogen bonding, pass through the ion
exchange cellulose in the presence of polar solvents
~ methanol. Phosphatidyl ethanolamine is a

proton donor in the zwitterion form and is retained
more firmly by DEAE and is elutable from the column
with a non-ionic solvent such as chloroform-methanol
(7: 3, vol./vol.) mixture. This follows from the fact
that DEAE is itself a proton donor. Escape from the
positively charged site on the adsurbant is possible
as the proton of the diethylaminoethyl group can be
transferred to the phosphate group of phosphatidyl
ethanolamine with the subsequent release of phos­
phatidyl ethanolamine molecule from the adsorbant.
A proton transfer from the phosphate to -NH2
to give -NH,t would then restore the· phosphatidyl
ethanolamine to its original zwitterion form (Chart 2).
Acidic lipids in the salt form exchange ions with
DEAE. Phosphate or other acidic groups interact
with the positively charged site of the adsorbant,
with the production of potassium acetate, which is
washed through the column. Acidic lipids are
retained very firmly and are eluted from DEAE
with acidic or basic solvents. The overloading of
DEAE-cellulose columns results in the elution of
acidic lipids with non-ionic solvents.

Cellulose Column Chromato~raphy

Cellulose columns have been used for removing
non-lipid materials from lipid mixtures'2,3s,~6,~7.

Svennerholm and Svennerholm's have used cellulose
columns for preparing gangliosides from brain. Rouser

Lipid eluted

Hydrocarbons
Cholesterol esters
Triglycerides
Cholesterol
Diglycerides
Monoglyceridcs
Free fatty acids

Eluting soh-ent

Hexane·
Ether (5 %) in hexane
Ether (15%) in hexane
Ether (25%) in hexane
Ether (50%) in hexane
Methanol (2 %) in ether
Acetic acid (4%) in ether

'Purified skellysolve B

TABLE 3 - ELUTION SCHEME. OF LIPIDS FROM
FLOltISIL COLUM~87

et al.as have used cellulose columns for separating
lipid mixture. Whatman cellulose is washed with
methanol, followed by water and then dried. The
column is prepared by pouring a slurry of cellulose in
chloroform. The column is then washed with chloro­
form-methanol-water (16: 4: I, vol./vol.) mixture.
All the lipids are eluted first with the above solvent
mixture and then the gangliosides with chloroform­
methanol-water (4:15 :1, vol./vol.) mixture. A good
separation of gangliosides is achieved by cellulose
column chromatography"'.

Silicic Acid-Silicate-Water Column
Chromato~raphy

These types of columns have been successfully used
for the fractionation of phosphatidyl ethanolamine
(PE) from phosphatidyl serine (PS) from brains5,
liver and tiles6 . These columns are conveniently
prepared by passing a mixture of chloroform­
methanol-aqueous ammonia through a bed of silicic
acid in a chromatographic column. When a mixture
of PE and PS is applied on the column, PE is eluted
with chloroform-methanol (4: 1, vol./vol.) mixture
and PS with methanol. Silicic acid-silicate-water
columns appear to function in part as partition
chromatography columns. A pure silicate column
with a monovalent ion (such as ammonium ion) is
of limited value for the separation of lecithin and
sphingomyelin, as such columns have a very limited
capacity. A mixture of silicic acid and silicate is
advantageous because the ion exchange properties
of silicic acid are retained and the system has a
high capacity. Lipids are bound less firmly to the
stationary partit ion phase and the peaks do not have
the long tailing portions characteristic of pure
absorption columns.

Ma~nesium Silicate (Florisil) Column
Chromato~raphy

Florisil has been used by various workers to
separate faecal lipids66, tocopherols69 , standard lipid
mixtures", steroid hormones7o• cerebrosides71 and
fattv acid esters". Recently, Carroll13 has presented
a scheme for the quantitative elution of lipids from
f10risil columns (Table 3). The order of elution of
neutral lipid classes from f10risil columns is the same
as that observed with silicic acid columns, but f10risil
has the advantage of being in a coarse mesh size.
Florisil seems to have as much adsorptive surface
as the commonly used fine mesh preparation of
silicic acid and lipids up to 10 mg. or more per gram
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of adsorbant may be readily separated without
evidence of overloading. Although f10risil has proved
very satisfactory for the separation of neutral
lipid class, it cannot be used to separate and recover
phospholipids satisfactorily. Free fatty acids like
phospholipids arc adsorbed more strongly on f1orisil,
but it is possible to recover free fatty acids quanti­
tatively by including acetic acid in the elution
solvent mixtures. This is a further advantage of
florisil over silicic acid, since the free fattv acids
and triglyceride fractions found to overlap on
silicic acid are easily separated on f1orisil. Recently,
Carrol1'3 has reported that if .fiorisil is treated with
cone. HCI, a separation of phospholipids similar to
silicic acid columns can be achieved.

Magnesium oxide columns have been used to
separate choline containing phospholipids from
non-choline containing phospholipids, which are
strongly adsorbed on the columns38 ,41,42. The re­
sults obtained with this adsorbant are not quite
reproducible. Aluminium oxide columns have been
used for the preparation of lecithin of high
purity2,43-4s. But recently it has been reported that
aluminium oxide degrades some lecithin to Iyso­
lecithin88. On aluminium oxide columns non-choline
containing phospholipids are firmly retained, whereas
choline containing phospholipids are eluted with
chloroform and methanol mixtures. For a succes:;ful
fractionation of phospholipids on these columns, the
pH of alumina should be slightly on basic side.

Recently, methylated and acetylated sephadex
columns have been used for the separation of lipid
mixtures's-'8. The advantage of using methylated
sephadex in lipid separation is that phospholipids are
eluted ahead of triglycerides, cholesterol esters,
cholesterol and fatty acids. Methylated sephadex
appears to be of considerable potential value in the
separation of lipid-soluble substances and may
serve as a complement to partition and adsorption
chromatographic procedures. The separation appears
to be based partly on the differences in size and/or
shape of the molecules and partly on liquid-liquid
partition between a mobile phase and a stationary
gel-solvent phase. By choosing different solven-t
mixtures, liquid-liquid partition chromatography of
either the reversed phase or the straight phase type
can be obtained. Recently, Hirsch89 has described the
column chromatographic separation of neutral lipids
using factice, a hydrophobic polymer, as the stationary
phase and aqueous acetone as the moving phase.
The neutral lipids, i.e. cholesterol esters, triglycerides,
dlglycendes and monoglycerides, have thus been
easily separated from each other. Separations of
components with different fatty acid composition
within the same lipid class can also be achieved
with this liquid-gel system. Thus cholesterol esters
with fatty acid chain length from 2 to 18 carbons are
eluted as individual peaks. Similar separations are
possible with glycerides or with mixtures of methyl
esters of fatty acids. However, with the exception of
cholesterol esters,lipids within a given class containing
fatty acids of equivalent polarity are inseparable.
E1.ution of lipids is performed with a single solvent
mixture and detection of lipid in the effluent stream
can be achieved by the use of automatic differential
refractometry. Free fatty acids and phospholipids
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are poorly separated and must be removed from the
lipid mixture prior to chromatography.

From the foregoing discussion on the column
chromatographic separation of lipid mixtures, it j.

apparent that no adsorbant gives a clear cut and
pure fractionation of lipid classes. Therefore, it is
necessary that the eluted fractions be examined
carefully for their purity prior to)urther analysis.
This could be achieved by .y"p~r and thin layer
chromatographic techniques. Both these chromato­
graphic techniques are rapid and sensitive means of
identifying an'd separating lipids. A brief discussion
of these techniques is presented below.

Paper Chromatography

The intact lipids can be chromatographed on filter
papers90-98 , formalin treated papers99-102, acetylated
papers'03, tetralin impregnated papers104, silicic acid
impregnated paperslOS-10', phosphate impregnated
paperslO', glass fibre papers'09-112 , and on thin layers
of silica gel coated on glass plates"3, 114. Each of
these methods for the separation of lipid mixture
into various constituents has its own advantages and
disadvantages.

Silicic acid impregnated papers - RecentIy, excellent
reviews have appeared on the preparation and use of
silicic acid impregnated papers for the separation of
neutral and phospholipids11s,116. This method has
been successfully used for both qualitative and
quantitative separation of neutral and phospholipids.
After applying suitable amounts of lipids (about
15 IJ.g. phospholipid phosphorus and equivalent
amount of neutral lipid) the papers are developed in
solvent mixtures. Various solvent mixtures have
been used for developing the chromatograms, but
diisobutyl ketone-glacial acetic acid-water (40: 25: 5,
vol./vol.; 40: 20: 5, vol./vol. at room temperature
and 40: 20: 3, vol./vol. for 0_5°) mixtures have prov!,..':1
to be the best for phospholipid separation. For
neutral lipid separation solvent systems n-heptane­
diisobutyl ketone (96 :6, vol./vol.), n-heptane-diisobutyl
ketone-acetic acid (91: 9: 2, vol./vol.) have been used.
The development of the papers should be carried out
in a temperature controlled room. Recently, a method
has been reported where aqueous systems such as
plasma, serum, cytoplasm or finely dispersed particles
can be chromatographed directly without prior
extraction with organic solvents"6.

Identification of Spots on Chromatograms

The lipid spots on developed chromatograms are
identified by their staining characteristics and
mobility behaviour (R! values). This identification,
however, can by no means be interpreted as conclusive
and should be further supported by chemical and
physical data. The various staining reagents used
are the following: Rhodamine-6-G (0'001 per cent
aqueous solution) for all lipids; ninhydrin (0,25
per cent in acetone-Iutidine, 9:1, vol./vol.) for amino­
lipids, iodine vapours for unsaturation, phospho­
molybdic acid (1 per cent aqueous solution), stannous
chloride (1 per cent in 3N HCI) or Dragendorf
reagentl17 for choline containing lipids, and 2,4-di­
nitrophenyl hydrazine (0,15 per cent in 3N HCI) or
Schiff's reaction for plasmalogens. Other stains
such as Tri-complex Brilliant"8,1l9, Biebrich Scarlet,
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Nile Blue, Rhodamine B, acid fast violet green and
protoporphyrinl20 have also been used for detection of
lipid on the chromatograms. The labelled lipids
~n be visualized by exposing the chromatogram to a

photographic emulsion in the conventional manner.
The lipid spots on silicic acid impregnated papers
can be eluted with suitable solvents and quantitized.
The quantitati'~9 analysis of phospholipids on
chromatograms ciiL~I;;;) be done by neutron activa­
tion of the phospholipid spotsI21.122. This method
has limitations. The background ma~ be high, the
neutron flux may not convert the same amount of
phosphorus in each spot to radioactive phosphorus,
and the amount of activity may not be enough.

The separation of lipids has also been done on
silicic acid impregnated glass fibre papersI09-1l2.

After applying the lipids the papers are developed
.in diisobutyl ketone-acetic acid-water-benzene
(160: 50: 8: 7, vol./vol.) and the spots detected by
charring (spraying with 20 per cent H2S04), phospho-

• molybdic spray and 0·001 per cent aqueous solution
of 1(hodamine-6 G. The lipid spots can be eluted
and quantitized.

The separation of lipids on silicic acid impregnated
papers is affected by various factors such as the
impregnation procedure, humidity, temperature,
the amount and way of application of lipid, exposure
of the paper to volatile basic solvents and the
,,·ay of storage. In order to get reproducible
results, all these factors have to be borne in mind.
Increased humidity in the atmosphere results in
higher mobilities of the lipids. In some cases,
chromatography should be performed at a lower
temperature to minimize degradation of labile
compounds such as plasmalogens. Unless one is
careful, wrong conclusions arc drawn regarding the
identity of one compound from paper chromato-

'"'I\'l'aphic techniques. A single spot on a chromatogram
may not be from a single compound. Improper use of
colour tests for location of lipid spots can give rise to
confusion. Auto-oxidation of lipids, especially of
phosphatidyl ethanolamine, phosphatidyl serine and
lecithin, can give rise to streaking, extra spot or
failure to migrate. Small amounts of divalent cations
may cause retention of phospholipids, particularly
lecithin and sphingomyelin at the place of application.
Several other artifacts may be introduced such as
the use of a strongly acidic silicic acid paper or
strongly acidic solvents for chromatography. The
application of labile plasmalogen forms of phospho­
lipids (particularly of PEl to acidic silicic acid paper
may result in appreciable hydrolysis of ()(,~-unsatu­

rated ether bond in the plasmalogen to give a lyso­
phosphatide. Therefore, all the interpretations of a
paper chromatogram must be confirmed by isolation,
hydrolysis, infrared examination, etc.

Formalin treated paper has been reported to be
good for the separation of inositolphosphatidesI3,99-102,
and three types of diphosphoinositides, and tri­
phosphoinositides13 have been separated employing it.
Lecithin has been fractionated into five components
on tetraline impregnated paperslO4 . Papers impreg­
nated with anionic and cationic resins, ZnC03, CaC03
and RaS04 and cellulose phosphate, carboxymethyl
cellulose and DEAE-cellulose papers have also been
used for lipid separation115 ,116. The resolving power

of these papers is inferior to that of silicic acid
impregnated paper, but good separation is achieved
of amino phosphatides. Paper chromatography has
also been used for analysis of fatty acids of lipid
mixtures.

Thin Layer Chromatography

Stahl has demonstrated the potential usefulness of
thin layer chromatography (TLC) in lipid separa­
tionln Several excellent books and review articles
have a.ppeared on thin layer chromatography and its
application'14,123,124. The main advantage of TLC is
its quickness for separation of the lipid mixtures.
TLC has been applied for the separation of neutral
and phospholipids from several biological sources.
TLC can be used both for qualitative and quantitative
separation of lipids. Certain important points such as
coating material, its thickness on plate, activation of
plate, solvent system, humidity and temperature
should be kept in mind for achieving the best results.

Other methods such as nuclear magnetic reso­
nancel25, mass spectrometryl26 and infraredl27 and
near infrared128 spectroscopy have also been used
for the identification of isolated lipids.

Gas-Liquid Chromatography

Gas-liquid chromatography has lately attracted the
interest of the lipid chemists and is a technique
undergoing rapid development. The method was
first introduced by James and Martinl?9 when they
separated the normal saturated carboxylic acids up to
lauric acid, and was later extended up to behenic
acid130 and since then there has been a rapid expansion
in the use of this method in the lipid field. The
general theory and practice of the gas chromatographic
methods are extensivelv treated in recent text-books
and reviewsl31-138 and the problem of presenting the
increasing amount of data in a consistent way
had led to the recommendation of the Amsterdam
Committee139-141 . Some developments in the field of
separation of fatty acid methyl esters have been
described by Farquahar et aU'". The emphasis in
recent studies of GLC in lipid field has been in
improving separation by finding more suitable
stationary phases and in improving the instrumenta­
tion. It has thus been possible to extend the
working range for methyl esters of fatty acids
as far as 34 carbon atoms143 and to detect and
estimate components below 0·05 per cent in the
original sample142.

During the past few years a number of instruments
for GLC have become available commercially.
In order to reduce the working temperature, to
speed up the development of the chromatograI?s
and to improve the separation, it is a common practice
to convert the substances to lower boiling derivatives.
The fatty acids are usuaJly separated as methyl esters
although sometimes higher esters are used. A number
of methods have been used for the preparation of
methyl esters of fatty acidsI31-138 . The stationary
liquid phases used for fatty acid methyl esters and
similar compounds are either of the non-polar type
such as silicone products or of the polar type such as
polyesters. With non-polar phases, unsaturated and
branched components emerge before saturated ones,
whereas with polar phases, unsaturated acids emerge
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after their saturated analogues. Late-emerging com­
ponents of one chain length group may be retained
in the column so long that they overlap with compo­
nents from the following chain length groupJ44,

The efficiency of separation in a column is the result
of at least two factors: column efficiency and solvent
efficiency. Column efficiency is often expressed
as the highest equivalent of a theoretical plate and is
measured by the spread of a component when it passes
through the column. This is related to many factors
associated with the packing and design of the column.
The solvent efficiency or sepatation factor depends
on the distribution coefficients of the different solutes
between the liquid and the gas phase. It is expressed
by the ratio of the retention volumes of two peaks.
The choice of stationary phase depends in each case
on the particular separation desired. The plate effi­
ciency of polar column is usually less than that of a
non-polar column '45-J47 . The capillary columns used
by GolayJ4' have height equivalent of a theoretical
plate of the same order as packed columns, but they
give better separation because of the extreme length
of the column and the very small charge used'49-151.
The carrier gas used for fatty acid esters have been
argon, helium, hydrogen all(lnitrogen. Argon is used
in instruments equipped with ~-ray argon ionization
detectors, while hydrogen and nitrogen are used with
thermal conductivity detectors. Hydrogen, alone or
mixed with another gas, is used with flame and
flame ionization detectors.

The practical identification of fatty acid methyl
esters on chromatograms is done by comparing their
retention time with suitable standards. Members in a
homologous group may be identified by plotting the
logarithms of retention times, or retention volumes
versus chain length or degree of unsaturation.
James146 has devised a method to determine the
degree of 'unsaturation of straight chain and
simpler branched chain compounds. By plotting the
logarithm of the retention time measured on one
stationary phase against similar values from a
different stationary phase, saturated components lie
on one straight line and monoenes, dienes, trienes, etc.,
lie each on a separate parallel line. The quantitative
aspect of GLC has been studied by several workers.
A serious problem arises from the fact that the
detectors do not always give a response proportional
to concentration. The detectors most frequently
used arc gas-density balance'52-J59 , the thermal
conductivity cellsI60- 162, and ~-ray argon ionization
cell163,164. In spite of the difficulties in making
quantitative measurements, variation between the
lipid compositions of similar biological samples is
often so great that the inaccuracies of the detector
are not apparent, and are small compared to the
inaccuracies involved when biological comparisions
are made.

There are certain limitations of GLC analysis and
the quantitative interpretation of the chromatograms.
One of them is the stability of the substances inside
the columnI6!>. The esters of polyunsaturated acids
are very stable up to 200°C. (ref. 166). Transesterifica­
tion of fatty acid in polyester packed columns has been
reported'67• Esters of some unsaturated hydroxy and
hydroperoxy acids undergo dehydration to more
highly unsaturated derivative and the conjugated
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polyunsaturated esters undergo cis-trans isomeriza­
tion'·". Another disadvantage is that some com­
ponents of the samples may never emerge from the
column and, therefore, will go undetected. This may
cause significant errors in calculating the composition
of the samples since this is often based on emerging
components only.

GLC technique has also been uselU\)r the separation
of fatty alcohols'6lI, fatty -"aI1fchydes169- 17I , fatty
nitriles ' '', meJllO-, di- and triglyceride173 17\ glycerd
ethers17• and steroids177 . It is possible to collect
microgram qU~lIItitiesl7R of substances from analytical
gas chromatograph, and also connect it to a radio­
activity counter''''·''". For this specially designed
columns ami detectors arc needed. Onf' seriou,;
<lisadvantag" of preparative ~as liquid chromato­
graphy is the possible contamination of products
due to blcedin~ of the stationary phase and some
subsequent purification is often necessary.

From the foregoing discussion on the separation of
lipids by column and impregnated paper chromato­
graphy, it is apparent that the elution pattern of lipids
from the column and their mobilities on the paper
should not be considered as conclusive proof of their
identity. All the lipid components must be chemi­
cally characterized before conclusions about their
identity arc made. Some of analytical methods of
these lipids arc discussed bclow. An excellent
compilation of these methods published in the
last twenty years is available"·.

Cholesterol

Numerous methods have been used for the e;ti­
mation of total free and esterilied cholesterolm-,o".
The most popular reaction for cholesterol estimation
is the Lieberman-Burchard (L-B) method20.' • The
reaction mixture consists of a combination of H2S04

and acetic anhydride, which when added to a solutioh
of cholesterol in chloroform ~ives blue colour.
The fact that the colour stability is affected b~'

H2S04 concentration, solvent, temperature and light
and the question whether free or esterified form of
cholesterol is measured by this reaction have gi\'Cn
rise to great number of modifications for the proper
use of this reagent''''. The difference in reacti\·it~·

between free and esterified cholesterol is greater
at low temperature and low concentration of H50,.
Higher temperatures and larger amounts of acid cause
such differences to become smaller and eventualh'
disappear. L-B reaction is not specific for cholestero·1.
Highly unsaturated compounds interfere with colour
development. Since the colour formation depeJl(l,;
on the combination of the sterol with a strong acid.
many modifications using reagents other than H2S04 •

viz. p-toluencsulphonic acid. sulphosalicylic acid and
chlorosulphonic acid, havc been used. The addition
of an aldehyde, e.g. salicylaldehyde, has been reported
to intensify the colour, but these reagents give a
red colour in the blank and also react with estrone,
estradiol, anhydrosterone, testosterone and cortico­
sterone'o,.

Tschugaeff reaction gives red colour when a
solution of cholesterol in glacial acetic acid is treated
with zinc chloride and acetyl chloride. In this method
both free and esterified cholesterol give similar
extinction coefficients on molar basis. Old solution
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of zinc chloride and acetyl chloride do not yield
(juantitative colours. Acetyl chloride also tends to
distil away from the reaction mixture. Because
of this other reagents such as benzoyl chloride,
o-nitrobenzoyl chloride, phenylacetyl chloride and
m-nitrobenzyl chloride have been used. Hanel and
Dam have mwlified the original Tschugaeff reagents
for the cstimation of cholestero!'o". This method is
very simple and q;.[lck, but does not give quanti­
tative values for esterified cholesterol. Choleste101,
epicholestanol and cholic acid give • faint colour.
Both cholesterol and lathosterol can be determined
simultaneously with this method. This method has
also been adopted on a ultramicroscale for the
estimation of cholesteroP"".

One of the most popular methods of cholesterol
estimation is that of Ziatkis ct at. IRS. In this
method cholesterol is measured directly by adding
a fixed volume of conc. H 2S04, glacial acetic

, acid and ferric chloride solution to serum or plasma.
On equimolar basis free and esterified cholesterol
give equal colour intensity. The presence of bilirubin,
proteins, tryptophan, haemoglobin, etc., interfere
in the analysis. Therefore, this method has been
modified in various respects such as varying the
concentration of ferric chloride, preparation of
stock solution in phosphoric acid, use of extraction
procedures before colour development and use of
other metal halides20

'.

Other methods such as gravimetric204, titrimetric20l,
turbidimetric20', fluorometric 20H,209, spectroscopic2!O,

polarographic211 - 213 , haemolysis red blood cells2!4 and
the monolayer film technique3 have also been usedd:l
for the estimation of cholesterol. These methods
have been critically reviewed by Kabara204

.

Total Lipids

Numerous methods using gravimetric, titrimetric
and colorimetric techniques have been used for
estimation of lipids on micro- and macroscales2!5-222.

In the commonly used gravimetric analysis one has
to be very careful for the moisture which could
easily be adsorbed by the dried lipid during weighing
procedures. Quantitative estimation of lipids on
microscales by GLC has also been reported223 ,224.

The method is based on the difference in volatility
between lipid and solvents.

Triglycerides

Triglycerides have been estimated by a number of
methods225 2:.6 such as gravimetric, colorimetric and
chromatographic. The most widely employed non­
gravimetric methods have been (i) estimation by
difference either of cholesterol ester and phospholipid
fatty acids from total titrable fatty acids or of
cholesterol and phospholipids from total lipids;
(ii) determination of glyceride glycerol, after alkaline
hydrolysis and periodate oxidation, by measurement
at 570 m!L of the chromotropic acid-formaldehyde
complex formed; and (iii) determination of glyceride
fatty acids by formation of their hydroxamic acids.
Recently, infrared spectroscopic methods have been
used for the estimation of triglycerides after their
extraction and separation from other lipids237- 239 .

By this method simultaneous estimation of tri­
glycerides and cholesterol esters has been achieved.

This method has been claimed to be simple and
quicker than glycerol oxidation method.

Fatty Acids
A number of methods221 ,24D-259 have been used for

the estimation of fatty acids, viz. alkaline isomeriza­
tion, iodine value, gas-liquid chromatography, ester
distillation, thiocyanogen value, quantitative paper
and thin layer chromatography, titrimetry and colori­
metry. The oxidative methods using potassium
dichromate have the disadvantage of being unspecific.
The titrimetric methods of Gordon240 and Dole24!

for unesterified fatty acids have been widely used
for their simplicity, quickness and reproducibility.
In the Gordon method the recoveries of palmitic,
stearic and oleic acids are quantitative and the
titration values are unaffected by acetoacetate,
~-hydroxybutyrate,succinate, etc. The reproducibi­
lity and accuracy of Dole's method are as good as
that of Gordon's. Values for plasma fatty acids
tend to be somewhat higher by Dole's method,
indicating that the exclusion of titratable compounds
other than unesterified fatty acids may not be
complete. These methods have been modified
according to needs of the later investigators.
Gas-liquid chromatography has been found to be the
best for fatty acid analysis.

Lipid Phosphorus
Numerous methods are available for the estimation

of lipid phosphorus and have been critically reviewed
by Lindberg and Ernster260• In the estimation of
organic phosphorus, advantage is taken of the
property of orthophosphate to form a complex with
molybdic acid which on reduction gives a blue colour.
All the reducing agents reduce molybdic acid in the
absence of phosphate. Phosphate accelerates the
rate of reduction and this acceleration occurs over a
wide acid range but decreases with increasing
acidity. The rate of reduction of molybdic acid,
the accelerating effect of phosphate and the end points
reached in these reactions are all dependent on the
concentration of molybdate and the concentration and
nature of reducing agent. Phosphate is converted into
phosphomolybdic acid in O·5M H 2S04 and reduced
with l-amino-2-naphthol-4-sulphonic acid (Fiske­
Subba I~ow's method). This method has been
critically reviewed by Furukawa et at.261 • A great
number of substitutes have been introduced in place
of amino-naphthol-sulphonic acid, viz. hydroquinone,
2,4-diaminophenol, monomethyl-p-aminophenol, as­
corbic acid, thiosulphate, stannous chloride and
ferrous sulphate. From the point of sensitivity and
reproducibility, Fiske-Subba Row's method gives
unsatisfactory results. The acidity remaining after
sample incineration affects the end results. To avoid
these effects perchloric acid (King's method) has been
used in place of sulphuric acid. Some modifications
of King's method have been suggested to increase its
sensitivity262. The interference caused by acid labile
organophosphate compounds, e.g. creatine phosphate,
in Fiske-Subba Row's method has been eliminated
by carrying out the formation and reduction of
phosphomolybdate at pH 4, in acetate buffer and
ascorbic acid as the reducing agent (Lowry and
Lopez's method). In all these methods non-phosphate
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compounds occurring in biological system interfere.
These non-phosphate compounds have been divided
into three groups: (i) those which alter the acidity
of the medium, e.g. acids, alkali, buffers, etc.:
(ii) those which form molybdenum complex, e.g.
fluorides, citrates, oxalates, etc.. and (iii) those which
change the concentration of the reducing agent,
e.g. nitrates, hypochlorites, etc.' In later modified
methods of Lowry and Lopez, the phosphomolybdic
acid formed in an aqueous solution of sulphuric acid
is extracted with isobutanol (Berenblum-Chain
method)'60. After separating the two phases, the
colour intensity is determined in the isobutanol.
Isobutanol has been substituted with a mixture of
equal parts of isobutanol and benzene (Martin-Doty
method). The reduction of phosphomolybdic acid is
performed in an aliquot of the organic layer with
SnCI2• These modified methods are completely
independent of interfering substances and the colour
intensity is stable within a wide range of time. This
method can be employed even when small amounts of
proteins are present in the sample by including silico­
tungstic acid in the water phase. The method has
been modified to determine 0·002 I-'-g. (ref. 263) phos­
phorus. Some methods have been reported which are
based on a colorimetric determination of phosphorus,
without involving a reduction of phosphomolybdic
acid260. Another procedure is based on the change
in a solution of dye quinaldine red in the presence
of phosphomolybdate'64. The determination of
phosphorus based upon Misson's reaction involving
the determination of yellow phospho-vanadio­
molybdate has also been reported'Go. Attempts
have been made to determine phosphorus by flame
spectroscopy, but this method is too sensitive to dis­
turbances'G•. Recently Bartiett'G6 has reported a heat­
ing method for the estimation of lipid phosphorus.
This method is quick, simple, sensitiveand reproducible
and the colour developed is stable for long periods.

Glycerol

The estimation of free glycerol in hydrolysates
involves the oxidation of glycerol with periodate
to form 1 mole of formic acid and 2 moles of form­
aldehyde. Formaldehyde is then determined colori­
metrically by formation of a complex with chromo­
tropic acid267 ,'68. Under the conditions of the
periodate oxidation there is essentially no interference
with the common sources of formaldehyde such as
glucose. Alpha monoglycerides are oxidized and
contribute partially to the glycerol values. To make
the procedure quantitative, a standard solution of
glycerol is similarly treated. During acid hydrolysis
with 2N HCI about 2 per cent of the glycerol is lost2G'.
Other methods, such as enzymatic289··m , fluorimetric
and chromatographic216, have also been used for the
estimation of glycerol in plasma and tissues.
Wheeldon et al.277 have described a method where a
simultaneous analysis of glycerol, inositol, ethanol­
amine and serine can be quantitatively determined
in a lipid sample.

Determination of Inositol, Ethanolamine and
Serine in Lipids

Inositol- A number of chemical278-'87, micro­
biological288-'99 and enzymatic methods288 (inositol
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dehydrogenase and pig heart diaphorase) are available
for the estimation of lipid inositol300 The chemical
methods in use are nearly all based on oxidation with
periodic acid. Estimation of inositol is based on th~

amount of periodate consumed. The oxidation
apparently does not result in the conversion of
all carbon atoms to formic acid. .T!lis procedure
requires complete liberation _ot.-Iipid inositol by
hydrolysis since all hydroxy1groups must be free
for complete reaction with periodate. Further,
inositol must ,be isolated from hydrolysate because
glycerol, sugars, amino sugars, ethanolamine, serine
and sphingosine, all react with periodate. The
hydrolysis is carried out with strong acid, i.e. 4N
or 6N HCI, in sealed tubes at elevated temperatures
(HO-20°e.) for prolonged periods (20-40 hr). The
products of hydrolysis can be separated by paper
chromatography and the individual components
determined301.

Ethanolamine and serine - Several methods have
been used for the estimation of lipid ethanolamine and
serine, e.g. manometric measurements of nitrogen gas
after treatment with nitrous acid302-a04, manometric
measurements of carbon dioxide after ninhydrin treat­
ment305-308, determination of ammonia after periodate
oxidation309-313 and colorimetric measurements using
fluorodinitrobenzene:1l4-31U, ninhydrin320-3ao and
1,2-naphthoquinone-4-sulphonate30o. The methods
used for the estimation of serine, with the P .~o'Jtion

of periodic acid oxidation, are not specific and
determine other amino acids arising from proteolipids,
glycoproteolipids, etc. The manometric methods
measuring liberated nitrogen are excellent in their
reproducibility and have been used as the standard
methods for the evaluation of newer methods. The
principal disadvantage is the inconvenience and the
rather large amounts of lipid needed for estimation.
Also, nitrous acid reacts with unsaturated fatty acid­
and releases extra nitrogen giving higher values
for lipid nitrogen. The manometric method of
determining carbon dioxide liberated from amino acids
by ninhydrin has been widely used for the estimation
of lipid serine. The main disadvantage of the method
is its lack of sensitivity. Ethanolamine and serine
have been estimated 'by periodic acid oxidation
after their hydrolysis and separation277• Dut the
drawback of this method is that ninhvdrin does not
quantitatively react with amino acids and the

. colour is affected by metal impurities in t.he paper.
The liberated formaldehyde is complexed with
chromotropic acid. Periodic acid is more specific
for the determination of lipid ethanolamine and
serine than the other amine reagents since it
requires a hydroxyl group vicinal to an amino
group.

In colorimetric methods of estimation of ethanol­
amine and serine the dinit.rophenylhydrazine method
is the most sensitive and accurate. Ammonia
interferes with this method. Ninhydrin has been
used to estimate amino nitrogen' and has the
advantage of being a stable reagent and the coloured
products are the same for all primary amines. The
disadvantage is that the colour of the reaction
products is unstable. Lea and Rhodes have used
ninhydrin reaction in buffered methyl cellosolve
to estimate ethanolamine and serine in unhydrolysed
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phospholipids302,32G. The results with egg phospho­
lipids showed considerable variation in molar colour
yield while free ethanolamine and serine gave
~ore consistent result with greater colour yield.
A critical review of these methods has been given by
McKibbin30o.

Choline ---;-..Jhe quantitative estimation of choline
in tissoe extracts and hydrolysates is subject to the
limitations inherent' 111 the extraction procedures
and in the specificity and sensitivity of the methods
employed33H38. The hydrolytic qrocedures of
phospholipids may influence the quantities of its
nitrogenous constituents. The colorimetric reineckate
method is generally used for routine analysis because
of its simplicity and speed. The specificity of the
method depends on the nature of the hydrolysis.
A more sensitive method is based on the precipitation
of choline as the periodide33fi • The method is quite
sensitive, but is not very specific because many
other bases, proteins, peptones, purines and alkaloids

'give positive colours. Appleton et al. 33G have
developed a very sensitive method for the estimation
of a choline-iodide complex. Choline in phospholipid
extracts is precipitated as the iodine complex which is
extracted with ethylene dichloride and its absorption
was measured at 365 ml~. The excess of free iodine
does not interfere and betaine, urea, creatine,
creatinine, uric acid, cystine, histidin, guanidine,
lys~...;t!1sl arginine are not precipitated by the
iodi'ffe reitgent. As little as 5 ",g. of choline can be
measured. The various methods for choline estima­
tion have been critically reviewed by Engel et a[,339.

Fatty acid ester - A number of methods are
available for the determination of fatty acid esters
using hydroxamic acid formation coupled with
ferric ion complex production340-35o. However, none
of the methods yields quantitative results for
cholesterol esters of long chain fatty acids. Recently,
Skidmore and Entenman349 have modified the
above methods to give quantitative estimation of
long chain esters of cholesterol.

Plasmalogens - The methods most widely used
for the determination of free and plasmalogen bound
aldehydes in lipid fractions are the fuchsin-sulphurous
acid methods30H,342,3,;t-353, the p-nitrophenylhydrazine
method254 ,3f,5 and iodometric titration356-358. The
fuchsin-sulphurous acid method has the advantage
of being highly sensitive but is not very specific.
The p-nitrophenylhydrazine method is very specific
but tends to give too low values owing to the low rate
of reaction. The iodometric method is, on the
one hand, too specific in that it determines only the
unsaturated structures in which the aldehydes are
bound (alkenyl ether structure); on the other hand,
polyunsaturated acyl groups may give rise to too high
values.

I dentijication of hydrolytic products of phospho­
lipids - From the foregoing discussion on the
separation of phospholipids by column and impreg­
nated paper chromatography, it is apparent that
elution pattern of phospholipid components from the
column and the mobilities on the paper should not be
considered as the conclusive proof of their identifica­
tion. As stated earlier, all the lipid components
must be chemically characterized before conclusions
about their identity are made. This can be further

substantiated by total or partial hydrolysis of the
phosphatides.

Total acid hydrolysis of phosPholiPids - The
phosphatides are hydrolysed with 2N HCI in
sealed tubes at 11 DoC. for 48 hr. This hydro­
lysis will split phospholipids completely to yield
glycerol, serine, ethanolamine, choline, inositol,
fatty acids and aldehydes. The hydrolysis products
can be estimated chemically. Recently, Wheeldon
et al.m have reported a procedure of hydrolysis
coupled with enzymatic hydrolysis to estimate
glycerol, inositol, ethanolamine and serine in the
same hydrolysate. It has been reported that 6N Hel
hydrolysis destroys some of the glycerol amino acids,
ethanolamine and serine2G8,277,293. In certain cases
phosphatidyl ethanolamine and phosphatidyl serine
are not completely hydrolysed330. The hydrolysis
products yield important information on the chemical
composition of phospholipid molecules.

Partial acid or alkaline hydrolysis - These reactions
have been widely used for the identification of
phospholipids. The phosphatides are hydrolysed
under specified mild conditions with methanolic­
NaOH or with trichloracetic or acetic acid329. In
general mild alkaline hydrolysis splits ester bonds
and liberates fatty acids. In methanol, the fatty acids
are cleaved off as methyl esters. Acetic acid hydro­
lysis cleaves the vinyl ether bond of plasmalogen
to yield fatty aldehydes. The resulting water-soluble
phosphate esters are isolated and then separated
by paper chromatography and/or ionophoresis. The
quantitative analysis is carried out by elution of the
spots and determination of phosphorus in each spot.
Some phospholipids resist alkaline hydrolysis329.

Mild alkaline hydrolysis should be carried out
under carefully controlled conditions. Uncontrolled
mild alkaline hydrolysis gives rise to cyclization,
acetylation and changes in the mobilities of phosphate
estersl16,329,

Marinetti has used methanolic sodium for the
hydrolysis of neutral lipids and phospholipids1J6.

The ester phosphatides are completely deacylated at
room temperature within 10 min. Sphingomyelin and
cerebrosides are stable towards this reagent and the
plasmalogens of monovinyl ether are converted to
their corresponding Iysoplasmalogens. The water­
soluble phosphate esters formed by the methoxide
hydrolysis can be placed directly on filter paper and
separated by Dawson method329. There is no need
to neutralize the methoxide or to isolate the water­
soluble phosphate esters before chromatographing
them. It is important to keep the reaction time
below 30 min., otherwise the N-base of the
phosphate esters will be split. Marinetti has used
this hydrolytic procedure for the preparation of
Iysophosphatides (35 per cent yield) and mono- and
diglycerides by carrying out the reaction at DoC.

Plasmalogens are estimated by hydrolysing with
90 per cent acetic acid containing one drop of
saturated mercuric chloride for 30 min. at 90°C.
(ref. 359). Lysophosphatides are produced, and they
can be estimated chromatographically. Dawson
estimated plasmalogens by hydrolysing' lower phase'
obtained from alkaline hydrolysis (see above) with
1 per cent trichloracetic acid containing 5 millimoles
of HgCl2for 30 min. at 37°C. The phosphate esters
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REVIEWS

THE THEORETICAL SIGNIFICANCE OF EXPEHIMENTAL

RELATlVIp! by R. H. Dicke (Blackie & Sons Ltd.
London), 1964. Pl'. xii-j-153. Price 32s. 611.

The volume under review represents the notes
including a number of reprinted papers for a course of
lectures at the Les Houches Summer.school in July
1963, given by one of the leading authorities on both
the theoretical and experimental aspects of relativity.
The aim of the course was to present the rather
meagre experimental material available on the
subject and use it as a criterion for defining a
class of relativistic theories of gmvitation which is
compatible with it.

The various experiments arc classified into the
)gllowing groups: (I) Null experiments of extreme

precision and of ordinary precision. Under this
heading the early experiment of Eotvos and the
later precision experiment of Dicke and his collabo­
rators arc dealt with at length and their importance
which rests on the fact that the null result obtained
is a necessary condition to be satisfied in order that
Einstein's general theory holds is pointed out.
(2LNext, the experiment of Hughes et at. and Drever

- ."h,-.'J./' :'Ulonstrates the isotropy of space is discussed.
Tni~ experiment eliminates the possibility of intro­
ducing a second long-range tensor field (in additioll
to the ordinary gravitational field tensor) into the
theory. A zero mass long-range scalar field is not,
however, excluded. (3) The ether drift experiments,
the prototype of which is the famous Michelson­
Morley experiment, and the three tests of general
relativity arc next discussed. The poor accuracy of
observation on the gravitational deflection of light and
on the perihelion rotation of mercury (data which could
be used to exclude gravitational t~lCories incorporat­
ing both scalar and tensor fields) is pointed out.

There are twelve appendices, reproducing some
of the papers of the author and his collaborators.
The subjects range from Mach's principle and ;1

ne\l· theory of gravitation based on a long-range
scalar interaction to cosmology and its implications
for terrestrial phenomena (such as the earth's expan­
sion, the geomagnetic field and the surface tempera­
ture of the earth), stellar and galactic evolutioll
rates and dating of the galaxy by uranium decay.

The subject matter of the volume forms delectable
reading; but this is marred by the numerous printing
errors (which indicate bad proof-reading). At Ol1('

place the symbol for the cosmological constant
changes from A to A and then to V within a few lines.
At another place we are wafted to gastronomical
regions by a reference to a ' supper limit'! These
and similar mistakes arc perhaps the price one has
to pay for emphasizing speed of publication.

K. VENI(ATESAN

AVVANCES IN HEAT THANSFEH: Vol. 2, edited by
J. P. Harnett & T. F. Irvine (Jr) (Academic Press
Inc., New York), 1965. Pl'. xi-t-465. Price $ 16.00

The first volume of Advances in heat transfer appeared
in 1964 and coverecllsix topics, viz. (I) The interaction

of thermal radiation with conduction and convection
heat transfer by R. D. Cess, (2) Application of
integral methods to transient non-linear heat transfer
by T. R. Goodman, (3) Heat and mass transfer in
capillary-porous bodies by A. V. Luikov, (4) Boiling
by G. Leppert and C. C. Pitts, (5) The influence of
electric and magnetic fields on heat transfer to
electrically conducting fluids by M. F. Romig, and
(6) Fluid mechanics and heat transfer of two-phase
annular-dispersed flow by M. Silvestri. H.esearch
in the field of heat transfer continues vigorously
as the work is connected with important current
fields of interest like atomic energy, aviation and
astronautics. Because of advances in the field of
instrumentation, high speed photography and high
speed computation, experimental work on complex
problems can now be tackled with great vigour.
Because of the highly specialized nature of the
developments taking place, it is difficult for research
workers in the broad field of heat transfer to know
what is happening in the field unless reviews are
available as various topics compiled by specialists
who conld give adequate background information
and point out the implications of hundreds of papers
on each topic appearing in journals.

The present volume covers the following five
important topics in heat transfer and each topic is
reviewed by an eminent specialist in the respective
field: (1) Turbulent boundary layer heat transfer from
rapidly accelerating flow of rocket combustion gases
and of heated air by D. R. Bartz, (2) Chemical reacting
non-equilibrium boundary layers by P. M. Chung,
(3) Low density heat transfer by F. M. Devienne,
(4) Heat transfer in non-Newtonian fluids by A. J3.
Metzner, and (5) Radiant heat transfer between
surfaces by E. M. Sparrow.

The review on heat transfer from rapidly accelerat­
ing flows by Bartz is a topic of great current interest
and deals with high temperature, high pressure heat
transfer connected with rocket engines on which
considerable research is going on. However, more
work is still required before we can say that the
problem is solved. In this excellent review Bartz has
discussed at length the background of the problems
and the possible analytical approach for the solution
of the turbulent boundary layer development and heat
transfer in rapidly accelerating flows. The review
also deals with air experiments and measurements in
rocket thrust-chamber.

The next review on chemical reacting non-equi­
librium boundary layer by Chung concerns with an
old problem which classically received much attention
in connection with the combustion of solid and
liquid fuels and also in catalytic reactors. During the
last 10 years the problem has received great attention
because of the advent of higher velocity vehicles in
the aerospace technology. The review deals with
the governing equations, chemical kinetics, boundary
layers with surface reactions and gas phase reactions.

The problem of low density heat transfer which is
the next review has received a spurt of interest
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because of the current problems of long-range missiles
and satellites. F. M. Devienne has given an excellent
review of the advances in heat transfer in rarefied
gases stressing the results obtained recently and
pointing out those problems not yet solved.
Accommodation coefficient has received considerable
attention in this review.

Prof. A. B. Metzner has written a review on heat
transfer in non- Tewtonian fluids. Being a pro­
minent worker in this field, Prof. Metzner's review is
authoritative and comprehensive. The whole field of
heat transfer in non-Newtonian fluids is a recent one
and most of the work done in the field was published
during the last 25 years. The review covers
rheological and thermal properties of non-Newtonian
fluids, heat transfer in steady ducted flow fields,
boundary layer problems and miscellaneous heat
transfer problems.

The last review is on radiation heat transfer
between surfaces by Prof. E. M. Sparrow. The
subject of radiation heat transfer has received a
renewed interest because of its importance in
space flights and high temperature energy sources.
Most of the review is devoted to recently developed
computational methods and results for radiant inter­
change between surfaces which are separated by
non-participating media. The analysis and solution
of radiation problems involving participating media
have been discussed by R. D. Cess in the first volume
of the book.

The book is extremelv valuable for research workers
working in the broad 'field of heat transfer whether
they are physicists, mechanical engineers or chemical
engineers. To the non-specialist it serves to keep him
up to date with what is happening in this rapidly
expanding exciting field.

N. R. KULUOR

AEROSPACE I{ANGES: INSTRUMENTATION, PRINCIPLES
OF GUIDED MISSILE DESIGN by Joseph J. Scavullo
& Frederick J. Paul (D. Van Nostrand Co. Inc.,
New York). 1965. Pp. xv+457. Price 15.75

A modern aerospace range accomplishes the missions
assigned to it with the help of range instruments.
The mainline range instruments have to measure
accurately the trajectories and internal performance
of test vehicles, control the flight of targets and
boosters, correlate the observations with range time
and process the data gathered. The book Aerospace
ranges: 1nstrwneutat£on is one of a series entitled
Principles of Guided Missile Design. It presents a
comprehensive review of the instrumentation that
goes into the make-up of an aerospace range, their
functions and their limitations. The book begins
with a chapter giving a general outline of the require­
ments of a test range and problems associated with
range instrumentation. Subsequent five chapters
treat in some detail individual systems, such as
'optical and photographic systems, telemetry and flight
test instrumentation, electronic instruments for trajec­
tory measurements, data processing instrumentation
and systems necessary for test communication and
time signal distribution. The concluding chapter
deals with the nature, magnitude and causes of the
main inaccuracies of measurements by range instru­
mentation, a necessary and useful chapter indeed.
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The book is a source of information to students
and to persons newly introduced to a test range.
It provides answers to numerous questions that arise
in their mind, answers that are not easy to obtain
from men working on a busy range. The knowledge
presented in the book helps one to get a compre­
hension of aerospace range instrumentation and the
working of a test range as a whole. The book,
however, falls short of the needs of a serious engineer
interested in the design of systems and subsystems
for a range., Detailed discussions concerning the
design philosophy of systems, subsystems and
instrumented payloads have been avoided and refe­
rences to such material are not presented for the
reason that they are not accessible to all. This vital
information still eludes the engineer. I t is either
classified or remains the monopoly of the specialists.

The book is certainly of use to all connected
"'ith a range.

PHYSICAL PI/OPERTIES OF MAGNETICALLY OIWERED
CRYSTALS by E. A. Turov (Academic Press Inc.,
New York), 1965. Pp. xx+222. Price S 10.00

Some of the physical properties of magnetic crystals
depend on the nature of the energy spectrum of the
elementary excitations over the ground state of the
system. While the available microscopic theories
provide a basic understanrling governing :'':..;',,:,,![-.r--=
of excitations, it is difficult to derive quanti'tall\'e
informations from them. It is in this context that
phenomenological approaches prove to be more
fruitful. This book is an excellent example of the
application of phenomenological methods to the
exposition of physical phenomena in ferro- and
anti ferromagnetic insulators. Since the major contri­
bution in this direction has come from Russian
workers, the fact that the author of the book
belongs to the same school is an additional virtue.
One gets a first hand account of their work. The
description of the weak ferromagnetism is particularly
appealing.

This is indeed a valuable book and it will be of
great assistance to the workers in this field.

K. 1'. SINH,\

OSCILLOSCOPE MEASURING TECHNIQUES by J. Czech
(Centrex Publishing Co., Eindhoven), 1'J65.
Pp. xviii+620. Price Hs 84.00

This is another valuable addition to the Philips
Technical Library. It contains a wealth of informa­
tion and is very useful as a reference book for
senior students as well as engineers who arc engaged
in CRO design or its application and are seeking
up-to-date knowledge on the subject.

The book is a revision of the book Cathude ray
oscilloscope by the same author published in 1957
and has resulted in a completely new book. The
book is well written and A. Smith Hardy has done
a fine job of almost flawless translation from (;erman.
The book contains a fabulouslv rich and well-chosen
bibliography, but unfortunately it contains a very
large number of referenccs in German which are
not so easily available to English readers.

The book is divided into four parts. Part I de­
scribes the various building blocks which make the
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the authors have spared no pains to make the text
all-embracing. Even so, there are a few omissions.
For instance, there is no mention of moisture
determination by the Karl Fischer reagent. A.C.
polarography, colorimetry anel controlled potential
electrolysis are not referred to. Nor does fluorescence
X-ray spectroscopy and the related electron probe
micro-analysis find a place. The separation of
electrolytes from non-electrolytes by ion-exclusion
through ion exchange resin is also not included.

On the whole the book is well conceived and
well got-up and is a helpful guide to the aspiring
student.

P. R. SVBBARAMAN

TETRACYCLIC TRITERPENES by Guy Ourisson, Pierre
Crabbe & Oscer R. Rodig (Holden Day Inc.,
San Francisco), 1964. Pp. 237. Price $ 8.75

This book, which is an adaptation of the French
edition (1961) by G. Ourisson and P. Crabbe, presents
the subject matter of tetracyclic triterpenes with a
refreshingly original approach. The subject matter
has been divided into four chapters and a catalogue.
The introductory Chapter 1 is followed by the main
chapter, which is entitled reactions of tetracyclic
triterpenes. These reactions are discussed in terms of
functionalities ring-wise, and stereoelectronic factors
are highlighted. Chapter 3 discusses syntheses of
tetracyclic triterpenes, while Chapter 4 gives some
aspects of tetracyclic triterpene biochemistry. The
catalogue gives an up-to-date coverage of various
naturally occurring tetracyclic triterpenes and their
derivatives, in terms of physical constants, and
ultraviolet, infrared and rotatory data.

The authors are to be congratulated for presenting
the subject matter reaction-wise, which has resulted
in a concise and lucid treatment of the subject.
The book, which is very well produced, is recom­
mended alike to students and the specialists.

SUKH DEV

HISTORY UNDER THE SEA bv Mendel Peterson
(Smithsonian Institute, vVasbillgton), 1965. Pp. 108
+56 plates. Price S 3.00

Man's interest in the exploration of the seas has
grown con~iderably in recent years. He is devoting
his attention more and more towards developing
technifJues of undenmter exploration so that he
may see for himself the various treasures that Nature
has strewn on the sea bed. Apart from his interest
in the natural history of the ,ea bed as well as its
geological history, he is also anxious to study what
we may call the "man-made history that lies on
the sea bed ". In shert, man has hegun to carry
his archaeological studies from land to the sea iii
order that he may' unearth' the vast submerged
treasures which the sea had claimed from the king­
doms that once existed on the coasts of contineab
and thereby reconstruct the past history.

This intere:;ting book is a practical guide for the
undersea archaeologist. In the words of the author
himself, "there has not been a single volume so
far to which a serious underwater explorer may
turn for instruction on exploration, recovery, pre­
servation techniques and identification of artifacts ".
This book fulfils this long-felt need to a great extent.
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Beginning with the historiml a'ped.~ and
narration of the various under,;ca archaeological
exploration in the Western Hemisphen', particularly
those undertaken dm ing the past ten years hy the
Smithsonian Institution in the region of the Gulf
of Mexico, the author goes on to discuss the variou'~

search techniques, the condition of underwater
site" surveying 11I1derwater sites, recovery lech­
niqnes, and preservation of rC'coveredmaterial in six
chapters. The last chapter is devoted to the pro­
blem of identi~cation of ship\\TCck sites, which apart
from its archaeological aspect" has gre:lt significance
[rom the naval point of view.

The presentation is simple and the various chapters
include considerable practical details. The chapter
on the preservation of recovered material contains
informatiou of great value to a museum techno­
logist. The bibliography, although described as
selective, is fairly comprehensive. The 56 plates
showing photographs of underwa\{'r surveying ansL
the recovered material ado to the vahle of the
puhlication.

I{. JIY.'IRAMA:\

THE IDEAS OF BIOLOGY by John Tyler Bonner
(Methuen <\: Co. Ltd, London), 1965. I'p. 240.
Price ISs.

The book written as a supplementary reading with
the biology text also serves a good purp~e ir.· a.';...;..."
intelligent layman to aCfJuaint himself with --TIle
concepts of biology.

As the title suggests the book deals more with
ideas thau facts. The book, spread over six
chapter,; entitled Cell, Evolution, Genetics, Develop­
ment, Simple to complex, and Man, includes
24 ligures which facilitate understanding th.deas
set forth in the text.

A reading list and an index are provided at the
end of the book. The book is worth possessing by
all interested in biology despite the unusually high
price of this paperback edition.

KUI.ll!l' CHAI\Il

SCIENTIFIC SOCIETIES 1:-1 THE U:\ITEIl SLITES by
Ralph S. Bates (Pergamon Press Ltd, Oxford),
Third Edition, 1965. I'p. 326. Price 63s.

A book of more t.han ordinary interest, the Scientific
Socidies in the United Stat,~s presents the histor~' of
science associations since t.he foundin/-( fathers
established the American Philosophical Societ.y in
1729. Prior to that date, the scientific societies of
Europe, particularly the Royal Society of Lonoon,
fulfilled the needs of American scientists and the
more prominent among them, Cotton Mather, Roger
Williams and Benjamin Franklin, for instance, were
members of the Royal Society and contributed to
its Transactions. The umbilical cord connecting
American science with European learned societies
was severed in the early years of the eighteenth
century and from then on numerous regional and
national societies, academies, associations and coun­
cils came into existence as research enterprise in
America /-(ained momentum and attained an im­
pressive magnitude, and American scientists made
increasingly important and significant contributions
to the pool of knowledge.
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The book under review brings out vividly the
dynamism of scientific societies in the United
States established by scientists who firmly sub­
scribed to the' principle of association' and believed
in 'action by joint force'. Science is clearly the
concern of scientists; and by virtue of their know­
ledge and understanding, scientists alone can speak
for science. As associations of scientists, the scien­
tific societies of America have exerted considerable
influence on the progress of science in the country
and on national science policies. Almost every
conceivable activity germane to the'development
of science is covered by the societies. There are
societies for the promotion of industrial and voca­
tional education and for 'encouraging students on
the threshold of a scientific career, by making
scientific work seem more attractive to them'.
Junior academies. have been established for high
school students and there are associations to foster
improvements in teaching of science and to exchange
;~:'as on teaching techniques. Societies have been
established for the dissemination of science, for
giving impetus to improved types of journals and
for promoting excellence in the preparation, editing
and publication of scientific and technical docu­
ments. The advent of the atomic and space age
has seen the rise of new societies and international
cooperation in science has been greatly strengthened

_ in r"cent years.
The Ar;,erican Scientific Societies have been a

potent force in the intellectual life of the people
and at times of national crisis, like the Civil War,
World War I anel World War 11, they responded
ablv to the call for mobilizing the nation's scien­
tific resources. The societies are the accepted
agencies for the publication of the scientific out­
put of the nation and the publications issued by
them not only serve the needs of contemporary
science, but also constitute the intellectual heritage
of generations to come. Their intlnence in diffusing
scientific information among the people and in
leavening scientific education is unique and im­
pressiVl'.

The fact that the book is in its third edition is
an eloquent testimony to its popularity. It in­
cludes a valuable bibliography and a chronology of
science and technology in the United States. The
book is not altogether free from errors. It is stated,
on page 3, that the Royal Society began the publica­
tion of Philosophical Transactions in 1756; the actual
date is 1665. The hydrogen isotope, deuterium, is

_....

made synonymous with 'heavy water' (p. 139
last line and p. 140 first line); line 27, on page 184,
should read 'collect mineral, botanical and zoo­
logical specimens'; the date of establishing the
Society for Industrial Microbiology is given as 1949
on page 208 and as 1948 on page 321. It is hoped
that all the errors would be corrected in the sub­
sequent edition.

The book provides stimulating reading. It has
a message for scientists in every country to form
associations to examine objectively all issues which
conduce to the advancement of science. The book
should be studied by the executives of all scientific
societies in India with a view to ascertaining how
best the societies can be activated to higher levels of
achievement. It is warmly recommended to all
college libraries and to individuals interested in the
history of science.

B. N. SASTRI
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NOTES & NEWS

. Transit time' diodes-
A new type of semiconductor
for microwave power
generation

Three new types of semiconduc­
tors called the 'transit time'
diodes developed at the Bell Tele­
phone Laboratories have potentia­
lities for being developed as the
first solid state devices that can
generate sufficient power for use
in microwave systems. Till now
the only practical sources of sub­
stantial microwave power are the
vacuum tube devices which have
the disadvantages of being bulky,
expensive and having a limited
life. The solid state devices
though free from these defects
could not produce the high power
levels required in the microwave
systems. Even though none of
the 'transit time' devices so far
developed has equalled the power
handling capacity of vacuum tubes
(i.e. above 1 kW.), still because of
their promise of providing more
power output (or higher frequency
operation with a given power
output) compared to transistors
or tunnel diodes, these will be
useful for the high gain, high
power stages that follow a low
noise preamplifier. However, be­
cause of their high noise output,
these devices are not likely to
be used in the sensitive, low
noise input stages of a receiver.

All the three types of 'transit
time' devices developed, viz.
(1) bulk gallium arsenide wafer,
(2) silicon avalanche diodes and
(3) Read avalanche diodes, operate
at the room temperature as self­
excited generators or oscillators.
A 'transit time' device gets its
name from the fact that its
operating frequency is determined
by the time it takes the electrons
to move or ' transit' through the
material. The details and mecha­
nism of working of these devices
are as follows.

The bulk gallium arsenide has
no junctions but operates due to
the' Gunn effect' when a suitable
d.c. field is applied across a wafer
of uniform gallium arsenide. The
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frequency of microwaves generated
is a function of the time it takes
for the moving domains of high
electrical resistance accompanyhlg
the Gunn effect to travel through
the semiconductor and is con­
trolled by the length of the
material along the applied electric
field. While operating conti­
nuously, these devices amplified
signals in the 2-10 gigacycle range
with power outputs exceeding
60 mW.

The second type of transit
device, viz. silicon avalanche
diode, is made from a semi­
conductor junction which is
reverse biased to produce ava­
lanche breakdown. As amplifiers
these devices achieve a gain of
20 db. with a bandwidth of
30 Mc/s. at power output of
several milliwatts.

The Read avalanche diode, a
complex electrical structure, is
usually made of silicon with a
PNIN structure whose impurity
profiles are controlled by phos­
phorus and boron diffusion.
Recently developed diodes of this
type have produced 19 mW. of
power at 5·2 gigacycles with an
efficiency of about 1·5 per cent.

Used as oscillators, some of
these 'transit time' devices have
exhibited spectral purities better
than any other self-excited micro­
wave oscillator, generating fre­
quencies that are relatively free
of random modulation and hence
may find wide use as general
purpose microwave oscillators for
receivers or low power transmitters
[Bell Lab. Rec., 43 (1965), 409].

Laboratory simulation and
measurement of lunar
topography

Characteristics of the moon's
surface roughness have been
determined at the Bell Telephone
Laboratories, New Jersey, by
bouncing a laser beam off materials
prepared in the laboratory and
comparing these findings with
measurements of microwave
reflections from the moon's surface.
The statistical values determined

by this method for the first time
for the dimensions of height,
length and slope of lunar irregu­
larities compare well with the
estimates ba~ed on photographs
taken by the Ranger 7 moon probe.
The values for these dimensions
are: height of irregularities, 16 ±4
in.; distance between irregularitit:s,
9±2'5 it; and slope, 8±4 deg.
This attempt, in addition to
furnishing a basis for determining
lunar terrain, has provided a
method of deducing statistical
values for tbe surface irregularities
of planets.

A surface having random
distribution of irregularities
required for the invEstigation of
backscatter characteristics duri~

bombardment of the surface with
laser beams was obtained by
blasting blocks of soft aluminium
with different size alumina grits.
These rough surfaces were electro­
polished to remove burrs and
sharp points since this process
has an effect similar to the pro­
cesses believed to be iQvolved iT}<'­
the shaping of the surface of the
moon, specifically the smocthing
of crater edges through bom­
bardment by small meteorites.
To study the statistical properties
of the prepared surfaces, a stylus
was run over the samples and the
tracings showing the contour of
the surfaces were statistically
analysed on a computer. Then,
in controlled experiments with
laser light scattered from these
surfaces, the energy distribution
was obtained as a function of
angle of incidence for each surface.
The curve for one of the surfaces
studied was almost identical to
the curve showing the variation
of microwave energy backscattered
from the moon. Hence, it was
concluded that the particular
aluminium sample has statistical
properties similar to that of the
moon. The dielectric constant of
the lunar surface was also deter­
mined from a comparison of the
energy level of backscattered laser
radiations at normal incidence on
the aluminium sample with the
energy level backscattered from
the moon. This value (1,9 ±0,3)
was near the values of dielectric
constant for porous volcanic glass
or loose sand (News from Bell
Telephone Laboratories. New
York, Release dated 30 September
1965).



New type of semiconductor

During the course of systematic
studies on thermistors, Hisaw
Futaki of Hitachi Ltd reported a
new type of semiconductor called
critical temperature resistor
(CTR): This semiconductor shows
an abrupt resistance change of
2-4 orders of magnitude at 68°C.
with negative temperature co­
efficient. CTR is prepared by
sintering a mixture of V20, and
an acidic oxide (B, Si or P oxide)
or a basic oxide (W, Ca, Sr or
Ba oxide) in a suitable reducing
atmosphere. Subsequent experi­
ments showed that CTR prepared
using ternary systems of vana­
dium oxide, the acidic oxide and
the basic oxide has better char­
acteristics than that prepared
from the binary system in such
properties as the large magnitude
of the abrupt resist:lnce change,
the large negative temperature
coefficient of resistance, stability
at higher temperature and the

- ease in its manufacture.
Life of the samples obtained

under suitable conditions is
theoretically estimated to be
several tens of years in air at
200°C. The large temperature
coefficient of resistance of this
newly developed semiconductor­
30 times as large as that of the
usual thermistor - offers mall\'
interesting applications. Th-e
following prospective applications
of CTR are envisaged.

Based on the property of the
resistance change by ambient
temperature, it can br used in
(a) thermometers and as a tem­
perature controller, having sensiti­
vity of ±0·5°C.; (b) infrared
detector in which output signal
is 30 times as large as in the usual
thermistor; and (c) thermal
switches. By virtue of the large
change in thermal dissipation
constant it finds application in
manometer, gas analyser, anemo­
meter, etc. The property of
thermal inertia enables it to be
used in delay circuit of relay,
low frequency oscillator. The
use as thermal switch, automa­
tic gain controller, high fre­
quency oscillator and as logic
element in a flip-flop circuit are
other examples in which the
CTR holds promising applications
[Japan j. appl. Phys., 4 (1) (1965).
28).
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Induction and multisensitive
end-product repression

In the classical example of
'sequential induction' mandelate
is degraded by the following
pathway:

Mandelate (SI) ~ benzoyl formate
E E

(5,)~ benzaldehyde (5,) ~ benzoate

(S,l~ catechol (S,) ~ ~-oxoadipatc
~ SlIccinyl CoA+ncetyl CoA

According to the OJ iginal hypo­
thesis such inductions are sequen­
tial, the product of each step acting
as an inducer for the next enzyme
in the sequence. It is now known
that such induction is not sequen­
tial but is coordinated. E), E2
and E3 are induced by S1> E4 by
benzoate, and E5 and subsequent
enzymes by catechol.

The enzymes E1> E2 and E3 are
related in function and are said
to be under the control of a single
, regulon ' (regulon is distinguished
from the operon, in that it de­
scribes a group of genes not neces­
sarily closely linked). J. Mandel­
stam and G. A. Jacoby [Biochem.
1-, 94 (1965). 569) found that all
'the three, benzoate, catechol and
succinate, repress Ec E3 . They
suggested three possible modes
of action as due to (1) multi­
sensitive repression, (2) repression
by a common end-product, and
(3) sequential repression. Using
appropIiate mutants, they ruled
out the last two possibilities,
showing thereby that the mecha­
nism (I) is the most likely one.

Degradation of p-hydroxy-
mandelate also follows a similar
pathway. The intermediates of
this pathway, p-OH benzoate,
pyrocatechol and succinate,
also repressed the enzymes E1-E3,

which have been shown to be
common to both the pathways.
Benzaldehyde and poOH benz­
aldehyde repressed E1-E3 . This
enigma of an enzyme being
virtually completely repressed by
its own substrate was solved when
an alternate enzyme, oxidizing
aromatic aldehyde, was detected.
Multisensitive repression systems
were also found in the second
regulon in each pathway.

This coordinate induction has
the advantage of reducing the lag
phase in the production of enzymes.
The ' multisensitive ' control
mechanism also overcomes the
disadvantage in terms of protein

economy that might occur in
'coordinate induction' in that
when the end-product of a group
of enzymes is present in excess,
it represses the formation of all
the preceding enzymes in the
degradative pathway. It is also
of interest that the points where
the new regulons begin are those
where either the degradative
pathways of different aromatic
compounds converge or where
there is the likelihood of the con­
cerned compounds to occur under
natural conditions. So an enzyme
is not synthesized unless its sub­
strate is present and even then
it is not synthesized if the end­
products required for cell growth
are already present in excess.
The site of action of these re­
pressors is, however, not known.­
V. N. UMA

Antibody formation and
the coding problem

Antibodies are typical globulir.s
and hence their formation is
essentially biosynthesis of proteir.s.
According to the current conc£pt
of protein synthesis, plOteins are
formed on the )ibowmes from a
pool of free amino acids with
1IlRNA which is coded from the
chromosomal DNA. The conforma­
tion of the plOtein is believed to
be determined by its amino acid
sequence and no genetic informa­
tion is needed.

In spite of the numerous theories
of antibody formation there is no
agreement about the selective
role of the antigen and its IOle
as the template. If the antigen
has merely to select between
different types of receptors, then
it is not necessary to postulate
interference of the antigen in the
process of globulin formation or
its modification. If the antigen
interferes in this process in such
a manner that antibodies are
formed instead of normal glo­
bulir.s, the question naturally
arises as to in which phase of
protein synth£sis this interference
occurs and how the complementary
conformation of the combination
of the combining group of the
antibody is accomplished?

The several possible ways in
which a template molecule might
interfere with any of the principal
steps in protein synthesis are:
(i) the replication of DNA, (ii) the
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transcription of the genetic code
into the nucleotide sequence in
RNA molecules, (iii) the amino
acid sequence, (iv) the folding of
the peptide chain, and (v) in case
of the antibody the combination
of the two A-chains and the two
B-chains of the globulin to give
the antibody molecule of com­
position A2B2•

Any interference in step (i),
replication of DNA, could be
excluded as it would involye a
mutagenic action of the antigen.
Evidence is against such a sup­
position.

Modification of step (ii) or (iii)
should lead to changes in the
composition and sequence of amino
acids in the antibody molecule.
Occurrence of such changes is
indicated first by small but signi­
ficant differences in the peptide
maps of antibodies against human
and horse serum albumins and
against different types of pneumo­
coccal polysaccharides. Since the
antigens contain a number of
different determinant groups, the
antibodies formed are hetero­
geneous mixtures directed against
different gronps. It is difficult
to resolve whether the differences
reflect differences in the anti­
genic determinants or merely
reflect different distribution of the
injected antigens in the organism
and antibody formation in
different organs or cells. This
situation would be simplified by
the isolation of hapten-specific
antibodies and by comparison of
their amino acid composition and
sequence. Small but significant
differences have been found in
the amino acid composition of
anti-AI'S (cationic diazobenzene
arsonate) and anti-R(N (cationic
diazobenzene N-trimethyl ammo­
nium) [Koshaland, M. E. & Engl­
berger, M. F., PYoc. nat. Acad.
Sci., Wash., 50 (1963), 61; Groff,
1. L. & Haurowitz, F., bmnuno­
chemistry, 1 (1964), 39]. Many of
the peptide spots of the tryptic
digests of anti-AI'S and anti,R(N
were identical. The observed
differences cannot be caused by
genetic differences, because they
were also found when the two
azoproteins were injected into the
same animal or when a double
labelled azoprotein containing both
AI'S and R(N was injected [Gold,
E. F., Knight, K. L. & Hauro­
witz, F., Biochelll. biophys. Res.
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COlll'llIU11., 18 (1965), 76]. Th('
differences in the amino acid
composition of hapten-specific
antibodies seemed to indicate
modification of step (ii) or (iii)
of the protein synthl'sis system.
It has been postulated that iso­
topically labelled antigen deter­
minants are associated with sRNA
or other R As, that antigenic
determinants are present in t1W
vicinity of the sites of amino acid
incorporation and hence till'
modifying effect [Campbell, D. 1-1.
& Garvey, j.S., Advanc. !m1ll1ttwl.,
3 (1964). 262; Saha, A., Gan'cy,
J. S. & Campbell, D. 1-1., Arch.
Bioclle1ll. Biophys., 105 (1964),
179].

The conformation of the com­
bining site of the antibody is
determined principally by the
three-dimensional shape of the
antigenic determinant and much
less by its charge and polarity.
The questions that arise are: In
which phase of the biosynthetic
process is the information concern­
ing the shape of the antigenic
determinant transmitted to the
sites of protein biosynthesis and
how does this occur ?

Since long-range forces do not
exist in biological systems it must
be postulated that the folding of
the peptide chains, i.e. step (iv).
occurs in the immediate vicinity
of the antigenic determinant,
although this seems to he incom­
patible with the obsc'T\'ed dif­
ferences in amino acid sequence
and also with the claim that the
conformation of the peptide chain
is determined by its amino acid
sequence. It could be said that
conformation and amino acid
sequence are interdependent and
that changes in conformation
caused by a template might
secondarily lead to changes in
amino acid sequence. This is
quite contradictory to the original
central dogma. However, ex­
ternal factors have been shown
to modify the coding process
[Commoner, B., Nature, Land.,
203 (1964), 486]. The possibility
of deviation from the central
dogma in the biosynthesis of anti­
bodies has been pointed out. F.
Haurowitz [Nature, Land., 205
(1965), 847), on the basis of the
above views, assumes that anti­
genic determinants are bound to
some of the ribosomes or the
lIlRNA molecnles and the deter-

minant group, which is usually
rigid and polar, affects the bio­
synthesis sy,tem in two ways.
Firstly, dipole induction and other
intermolecular forces 01 iginating
frolll the template induct' a small
portion of the newly fOl mul
peptide chain to fold onr the
Stll face of the antigenic dder­
minant and thus to prcduct' a
complementary patteln. Second­
lv, while most of the aminoacyl
r~sidues arc incorpol akd into till'
peptide chains of th" antihody
lI10lecule accortliug to mHNA,
deviations [1'(.111 the cede occur
during the formation of the
combining site. Only those
aminoacyl residues are incorpo­
rated which allow the peptide
chains to fold complementarily
over the antigenic determinant,
whereas other aminoacyl residues
arc rejected. This rejection may
be considered as the inabilitv of
unsuitable aminoacyl-sHNA com­
plex to displace the terminal
sI~NA residue, as the incorpora­
tion process has been i1fscribed •
as displacement of the terminal
sRNA residue of an sRNA peptide
estc'r by tht' incoming aminoacyl­
sHNA complex.

Antibody formation, according
to this view, involves primarily
direct interference of the antigenic
template in step (iv) of proteiu
synthesis by rejection of unsuit­
able aminoacyl residues, only by
indirectly interfering in step (iii).
The process most probably occurs
in the same cell in which the normal
globulins are formed and is con­
trolled by the same genetic
apparatus, the same types of DNA
and ImA.

The last step (v) in plotciu
synthesis (here the combination
of the two sub-units) could be
entirely excluded by any int,"r­
ference, as the four sub-units can
combine in vitro spontaneously
even in the absence of the antigen
to yield biologically active anti­
body.- M. R. SAIRAM

Prostaglandins

von Euler and Goldhlatt
demonstrated independently the
presence of blood pressure depress­
ing and smooth muscle stimulating
material in human seminal plasma
and sheep vesicular gland extracts.
The factor was provisiC'J~ally

named as prostaglandin and was
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lipid soluble and had acidic pro­
perties. For nearly three decades
this smooth muscle stimulating
principle eluded isolation and a
series of compounds, PGE" PGE2,

PGE3, PGF" PGF2 and PGF3,

having a basic structural formula
(I) have been isolated from sheep
vesicular gland extracts, prostrate
glands, human semen, etc. The
chemical structures of all these
compounds have been elucidated;
PGE, is 11tY.,15-dihydroxy-9-keto­
prost-13-enoic acid; PGE. differs
from PGE, by a !:;5 -double bond
and PGE3 has a third double bond
between C'7 and C'8' The PGF
compounds have a hydroxy group
at C9 instead of a keto group found
in the PG E compounds. The
different prostaglandin compounds
arc present in many organs, the
highest amount being found in
human seminal plasma and sheep
vesicular glands. Semen of bull,
boar, dog, rabbit, pig and horse
does not have prostaglandins.
Semen from men with documented
normal fertility contained more
prostaglandin than semen from
infertile men, where hardly any
smooth muscle activity is seen.

D. A. Dorp, R. K. Beerthuis,
D. H. Nugteren and H. Vonkeman
[Biochem. biophys. Acta, 90 (1964),
204] and S. Bergstrom, D.
Danie1sson, D. Klenberg and B.
Samuelsson [j. bioi. Chem., 239
(1964), 1135] suggest that prosta­
glandins in sheep and human
semen are formed in the seminal
vesicles and in the vesicular glands
respectively. When Y-homolino­
lenic acid, arachidonic acid or an
eicosa pentaenoic acid was incu­
bated at 37° with homogenized
vesicular gland from sheep, PGEt ,

PG E2 and PG E3 respectively were
formed.

All the prostaglandin compounds
as well as the crude prostaglandin
extract from human semen and
vesicular gland of sheep strongly
stimulate all the smooth muscle
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organs except the fallopian tubules
of rabbit and man where prosta­
glandins and various PGE com­
pounds inhibit the spontaneous
motility. Blood pressure of rabbit,
cat, dog and man is lowered.
Most pronounced blood pressure
reducing activity is seen with
PGE compounds. On human
myometrium all PGE compounds
.~1ave almost the same activity,
indicating that the number of
double bonds appears to have
little importance for their activity
on this organ. This is not the
case, however, for other smooth
muscle organs (jejunum, duode­
num and uterus of rabbits) where
usually PGE2 is the most potent
and PG E3 the least active of these
substances. The keto group,
however, seems to be essential
for the inhibitory effect, since
PGF, and PGF2 have a tendency
to stimulate the myometrium.

With regard to the proposed
role of prostaglandin in normal
fertility, pure prostaglandin com­
pounds present in human semen
were examined for their effect
on the motility of human myo­
metrium [Rygdeman, M., Ada
Physiol. scand., 63 (1964), 242].
Normally all PGE compounds and
HSF-PG inhibit the spontaneous
motility of human myometrium.
Contrary to PGE compounds PGF,
and PGF2 have a tendency to
stimulate the spontaneous motility
of human non-pregnant myo­
metrium. An inhibitory effect on
human myometrium of an auto­
pharmacological active substance
is uncommon, the only other
substance with such an effect
in vitro is bradekynin. The
sensitivity of the myometrium to
PGE and HSF-PG vades in a
characteristic way during the
different phases of menstrual cycle.
The activity is pronounced around
ovulation time and less during
the other phases of the cycle.

The factors which regulate the
reactivity of prostaglandin during
the menstrual cycle, however,
stress the importance of ion grad­
ients, especially the intra- and
extracellular relationship between
cations, i.e. K, Na and Ca. Varia­
tions in the extracellular ion
concentration profoundly change
the reactivity pattern of the
myometrium. A high extra­
cellular potassium concentration,
for instance, decreases the mem-

brane potential, increases the
frequency of the contractions
and increases the sensitivity of
the myometrium to different
stimuli.

At low extracellular potassium
concentrations the effect of PGE
is enhanced at the same time as
the stimulatory effect of PGF,
is abolished. The change in
sensitivity of human myometrium
to PGE compounds when potas­
sium concentration is varied seems
to be specific. The effect of
potassium concentration on spon­
taneous motility and ion distri­
bution indicates that the membrane
potential of human myometrium
is charged simultaneously. With
this assumption, the effect of
prostaglandin is also dependent
not only on the extracellular
potassium concentration but also
on the membrane potential. A
low extracellular potassium con­
centration corresponds to a
hyperpolarized membrane. At
this time the sensitivity of myo­
metrium to PGE, is enhanced
and to PGF, depressed. A high
extracellular potassium concen­
tration and consequently a partly
depolarized membrane depresses
the effect of PGE" but increases
the stimulatory effect of PGF,.
A low extracellular calcium
concentration affects the sensiti­
vity of myometrium to prosta­
glandin, especially at ovulation
time.

The sensitivity of human myo­
metrium to PGE compounds and
varied effects during different
phases of the menstrual cycle may
also be due to the influence of
estrogen and progesterone. The
effect of estradiol and progesterone
on the sensitivity of human myo­
metrium to PGE, was also investi­
gated. Hormones investigated
affected the sensitivity of myo­
metrium to PGE in vitro. The
effect was most pronounced at
ovulation time. Here proges­
terone and estradiol together with
progestrone decreased the sensiti­
vity of the myometrium to PGE.
During early and middle proli­
ferative phases very confusing
effects were observed. No statis­
tical differences were found
between the ion content, either
during the various phases of the
menstrual cycle or under different
hormonal treatments.- T. S.
ANANTHA SAMY
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Reactivities of histidine
residues at the active site of
ribonuclease

There is considerable evidence
to indicate that the histidine
residues at positions 12 and 119
in ribonuclease are at the active
site of the enzyme. It was
demonstrated that inactivation of
RNase A by iodoacetate at pH
5·5 and 25°C. was due to the
introduction of a single Cal boxy­
methyl substituent on either
imidazole nitrogen 1 of histidine
119 or imidazole nitrogen 3 of
histidine 12 under these conditions.
The yield with substitution at
N1 of 119 histidine was found to
be 8 times that of the product with
substitution at Na of histidine 12.
These two chIOmatographically
distinct carboxymethylated der i­
vatives were shown to be alternate
products which are formed simul­
taneously. In order to explain
these and other findings, including
the behaviour of the aggregates
of RNase the following mechanism
has been suggested. In the
simplest hypothesis, histidine 12
and 119 are both considered to
form the active site and the pro­
tonated form of the one binds
the anionic alkylating agent which
then alkylates the unprotonated
form of the other. In the other
mechanism, the orientatio.n is
provided by lysine 41.

The difference in yields of the
two alkylation products may be
the result of greater steric hind­
rance at one site or the other.
In order to test this hypothesis
a study has been made of the
reaction between ribonuclease and
a series. of halo acids [Heinrikson,
R. L., Stein, W. H., Crestfield,
M. A. & Moore, S., J. bi91. Chem.,
240 (1965), 2921]. The results
of this study indicate that the
reaction with a series of unbranched
oc- and ~-bromo acids ranging from
3 to 6 carbon atoms also leads
to the alkylation at the same sites.
Reaction may occur predomi­
nantly either at histidine 12 or
at histidine 119, depending upon
the chain length, the position of
halogen atoms relative to the
carboxyl group and the optical
configuration of the oc-carbon of the
reagent employed. These findings
confirm the earlier contention that
both 12 and 119 carboxymethy­
lated derivatives of ribonuclease
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arise from the same molecular
species of the enzyme; the 12
derivatives are not produced by
side reactions involving some minor
contaminant of ribonuclease.

The most striking finding from
the present study is the great
difference in the reactivities and
site of reaction of the D- and L­
antipodes of oc-bromopropionic acid
and lX-bromo-n-butYlic acids. ThG
D-antipodes of these acids form
histidine 12 derivatives in 70-78
per cent yields. The L-anti­
podes form histidine 119 deri­
vatives in yields of 78 and 74
per cent respectively. Moreover,
the D-antipodes react at histidine
12, 20 times more rapidly and at
histidine 119, 2-3 times more
rapidly tlian do the L-antipodes.

These effects must reflect the
stereochemistry of the active site
itself, as such differences are not
observed in the model reactions
with histidine. Notable is the
variation in the site of reactions
with the nature of the alkylating
agent. Only D-IX-bromopropionic
acid and D-IX-bromo-n-butyric acids
alkylate predominantly at histi­
dine 12 while the others alkylate at
histidine 119. With the IX-bromo
acids the rate of reaction decreases
as the size of the substituent on
the IX-carbon atom increases.
Part of this effect is intrinsic to
the reagent itself. The 300-fold
decrease in the reactivity at
histidine 119 in passing from
bromoacetate to L-IX-bIOmoplO­
pionate is significantly larger than
would be expected on the basis
of the model reactions and must
be caused in part by ster ic effect.
The decrease in the rate of reaction
at histidine 12 as one proceeds
from bromoacetate to D-IX-bromo­
propionate (less than 5-fold) is
less than 3D-fold that expected
from the histidine reaction and
may be a result of secondary
non-polar interactions between' the
methyl group in the alkylating
agent and some group or groups
in the enzyme. Probably similar
interactions operate in the case
of D-IX-bromo-n-butyric acid since
its rate of reaction is nearly iden­
tical with that of the C3 acid.
These results indicate that the
space into which these reagents
fit when they are oriented in such
a fashion as to permit alkylation
at histidine 12 is big enough to
accommodate both the Ca and

C, oc-bromo acids easily and the
C5 acid with difficulty. It is not
large enough to accommodate
IX-bromocaproate, however, for
this reagent does not alkylate
histidine 12.

One aspect that is not entirely
clear on steric grounds is why the
haloacetate, the least hindered of
the reagents studied, reacts so
predominantly at histidine 119.
In the reaction with iodoacetate
the formation of the 12 derivative
is somewhat favoured as the
temperature is raised. This
suggests that there may be present
an interfe ring group, whose position
shifts slightly with change in
temperature. It is likely that
there are groups in the vicinity
of imidazole nitrogen 3 of histidine
12 which get in the way of the
hydrocal bon side chains of
oc-bromovalerate and oc-bromo­
caproate, when these reagents are
bound at histidine 119. One or
more of these intefering groups
must be arranged on one side of
the axis between the histidine
residues to provide hindrance so
that reaction with L-enantiomcrphs
of IX-bromopropionate and oc­
bromobutyrate cannot readily
occur at histidine 12. Conversely,
the reaction at this position with
the D-isomers of Ca and C, acids
may actually be facilitated some­
what by a non-polar region between
these histidine nit! ogen atoms.

The differences in the rates
and sites of alkylation with the
reagents of systematically varying
structures are reflections of the
stereochemistry and conformation
of the active site. A final point
that bears emphasis concer!. s the
pcssible use of these reagents.
Because of their selectivity in
terms of both rate of reaction
and the site at which alkylation
occurs, these reagents provide a
potential sensitive method of
detecting conformational changes
in the active site of ribonuclease.
- A. S. ACHARYA

Progress Reports

Fire Research in UK

The annual report for 1964 of
the UK Fire Research Board,
besides covering the activities of
the Board relating to prevention
and control of fire hazards, design
of building and choice of building



materials to minimIZe chances of
fire hazards, general characteristics
of flames, and processes of combus­
tion, presents the results of a
statistical study regarding fire out­
breaks on various aspects, such as
cost of damage, industries affected,
causes of fires, etc.

Studies made on spontaneous
heating and ignition in miscellane­
ous materials have led to conclu­
sions on methods of shipping
carbon safely and economically.
An equipment for studying the
thermal explosion of organic per­
oxides in the paste form has been
constructed and it has been found
that a paste containing 65 per
cent peroxide undergoes thermal
explosion at a lower temperature
than dry peroxide and in the case
of dry benzoyl peroxide rust and
some decomposition products of
the peroxide added to the dry
peroxide reduce the induction
period of explosion. Measurements
have been made on the speed of
rise of lower flammability limit
flames in vertical tubes using
methane-air and propane-air mix­
tures. The results have been
explained on the basis of the
controlling effect of rising bubbles
of hot gaseous products.

As a result of experiments on
the factors that affect the rate of
burning of 'cellulose materials the
rate of charring has been found to
be proportional to the density and
the permeability along the grain.
An equation connecting the den­
sities of the flame and surrounding
air and the entrainment velocity
of air by flames has been deve­
loped and the experimentally deter­
mined values of flame heights
have been found to agree with the
values predicted on the basis of
the equation. Studies made on
radiative transfer of heat from
flames have shown that the radia­
tive transfer from alcohol flames
is about five times that of convec­
tive transfer at the centre of the
tray containing the flame. The
burning rate of wood cribs is
affected by heat received from
some other source as, for example,
radiative transfer in the fuel bed.

A theoretical expression derived
on the basis of dimensional ana­
lysis for the conditions of merging
of separate fuel bed flames to
form a single flame has been
tested by actual observation. The
theory is found to give reasonable

NOTES & NEWS

estimates of flame heights at merg­
ing. Another expression for the
length of an advancing flame has
been found to agree with an
empirical formula derived for low
rates of burning. A thorough
study of the characteristics of
fires in compartments is in pro­
gress and the observations made
so far agree with the deductions
made from an assumed theoretical
n~odel. Several important deduc­
tions regarning the effect of ceil­
ing, ventilation, the corridor,
etc., in the case of indoor fires
have been arrived at. The studies
have resulted in further deduc­
tions regarding several aspects
such as effect of ambient atmo­
sphere on burning wood, products
of combustion with restricted
ventilation, soot production in
diffusion flames, etc. A theoretical
expression for the conditions of
equilibrium of flow of hot gases
in vented single-storey buildings
has been developed. An ap­
paratus for testing small concrete
beams in flexure at high tem­
peratures under well-controlled
conditions has been developed
and a number of preliminary
conclusions have been drawn as a
result of investigations made on
the spalling of concrete. Experi­
ments have been made to compare
under identical conditions the
behaviour of ducts of various
materials forming part of a venti­
lation system and the results will
be of interest to industry, especi­
ally to the plastics industry.

A thorough study of fire resis­
tance of different building mate­
rials has been made and deduc­
tions useful to the building industry
have been made. From studies
on various aspects of the problem
of keeping escape routes in a
building, methods of dealing with
the smoke hazard have been de­
veloped. Several types of heat­
sensitive and smoke-sensitive
detectors have been developed
and their sensitivity and operation
characteristics are being studied.
Studies have been made on the
performance of sprinkler systems
and the rates of application of
water required to extinguish deve­
loping fires in three types of wood
crib have been determined. From
a study of the new techniques in
extinguishing fires, recommenda­
tions have been made regarding
such extinguishers as freezing point

depressants, inert gas and foam
generator, vaporizing liquid ex­
tinguishers and dry powders.

As a result of studies made on
gas explosions and dust explosions,
standards for keeping industrial
equipment safe have been de­
veloped. Special hazards such as
cyclones, fires due to electric
lamps, fires in brickwork impreg­
nated with domestic fuel oil,
incidence of fires on newsprint, etc.,
have also been studied and re­
commendations have been made
for reducing loss in such accidents.

New Periodical

Journal of Combinatorial Theory

This new journal, to be pub­
lished quarterly commencing from
spring 1966, is devoted to the
publication of original mathemati­
cal articles dealing with theoretical
and physical aspects of the study
of finite and discrete structures in
all branches of science. Manu­
scripts in English, French or
German should be addressed to
the Editor-in-Chief, Journal of
Combinatorial Theory, Academic
Press Inc., New York. Annual
subscription for the journal is
$ 15.00 for institutions and $ 9.00
for individuals.

Dr Vikram A. Sarabhai

A worthy successor to the late
Dr H. J. Bhabha for the chair­
manship of the Atomic Energy
Commission has been found by
the Government of India in
Dr Vikram A. Sarabhai, whose
personality represents a rare com­
bination of the fine qualities of an
outstanding scientist, a capable
organizer and a connoisseur of
fine arts. He has also been
appointed Secretary to the Depart­
ment of Atomic Energy, Govern­
ment of India.

Born in August 1919 at Ahme­
dabad, Dr Sarabhai studied at the
universities of Bombay and Cam­
bridge, taking his Natural Science
Tripos from the latter in 1939.
After about six years of study
as a research scholar in the field
of cosmic rays under Sir C. V.
Raman, he continued his investiga­
tions at the Cavendish Labora­
tory, Cambridge, from where
he got his doctorate degree.
Dr Sarabhai has been an excellent
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FORTHCOMING INTERNATIONAL SCIENTIFIC CONFERENCES

foreign language except English
will be enrolled in the Roster,
with a view to utilizing their
spare time in activities which are
nseful to the nation and to them­
selves. Further particulars can
be obtained from the Director,
[nsdoc, Hillside Road, New
Delhi 12.

Announcement

• Central Roster ofScientific Trans­
lators - The Indian National
Scientifk Documentation Centre
(Insdoc) is compiling a Central
Roster of Scientific Translators.
Persons possessing scientific quali­
fications and proficiency in any

Stanford
(Cali!.)

t;atlinhurg
(Tellll.)

Camhridge

Piau

Tokyo

I\:arl :\Ian~­

Stadt

Stanford
(Cali!.)

Utrecht

:\ladrid

('aris

Boston

Vienna
;\Yoritz

(Switz.)
ChicagcI

Berkele,'
(Cali!.)

Cairo

MOSCf)\\'

Caml>ri(lg\:
(~hss.)

MadricJ

:\etherlaJlds

""arsaw

Hamhurg
Chicago
Berkele,·

(Cali!.)
_\1111 Arbour
(~licll.)

('hicago

COl1fcrCllrt:

Sixth Intcrnational COIl!l'f('lll'C on J\licrO\\'<lYc
and Optical (;encratillll <IIHI Amplifiratiull

Fourth International COllfcn'nct' lin Opera­
tional Hc~c(ln:h

Twcnty-sixth International (UIIgT{'S:-i of the
!J)larmacelltical SCil'JICCS

IntcrnaticlIlal «(Inferencc fill the ~upraJl1olc­

cular Structure in Fibres
Jnternational Symposium on ~racTllml)lf:rlJlar

Chcmistn'
Intcrnatio~Jal S~'mposium on NCllTllcndocrino­
logy

Sc\'cntl'('nt11 Jnknl<ltion<tl Astronautical ('011­

gress
International Ih~at Eng-illt'('ring- ('onft-rence

Seventh International Congress Ull Nutrition
IntcrnatiuJ1<l1 Heat Transfer Cun('Tcnce
Eleventh International Conference OJl (OIJIll_

bllstion
International Symposium Oil Fre(' Radicals in

Solutiun
Thirteenth International Symposium on

!\'licroSC(lp\'
Sccond Int'crllation~1 Congress of Food and
Tcch1Hllcl~Y

Symposium on Radio Astronomy anti the
Galactic Systcm

Sixth 1nternational Congress lIf Ekct roll
Microscupy

Second Intcrnational Congn'ss un Instrumen­
tation and Acrospacc Simulatioll Facilities

Second IntcfIliltional Ctlnfcrcnct: lin PalnlIJ-
lOf;Y .

Tcntll 1nternational Cunference ()II 1.0'"
Temperaturc Ph~:sics

Thirtecnth [nternatilillal COJ1ferencc 011 High
Energ-y Physics

International Confercnce on Solid State
Science

Sccond Internatinnal Hioph~'sics ('ongn'ss
Ninth International Conference 011 Coonlina-

tion Chemistry
Third Intcrn.itional Congress (d 1-1111 11<1 n
Genctics

International Confen'ncc lin t.lle I'hysics of
Scmiccmductors

High Energy Ph~;sics InstrulIlcntation COI1­

fcn'nct~

Intcruaticlnal ('clnfcn'llc(' 011 Nuclear 1'1lysics

9-10 Septemher

12-16 Septeml>l'r

12-16 Septemher

14-18 Sc'ptemher

17-24 September

21-23 Septemher

Fall 1966

5-10 Sept.:mlll'r

5-9 September
5-9 Septemher

8-13 September

28 Septemb<'r­
4 Oetoher

30 Sept.'mher­
I October

Fall 1966

22-26 August

22-27 August

25-31 August

28 August-
4 September

29-31 August

29 .\ugllst-
5 Septemhn

29 August-
6 Septc'mher

31 August-
10 September

3-7 September

Dale

21-24 August

3-10 August
8-12 August
14-20 August

organizer of scientific institutions
and the rapid and brilliant progress
of such instit.utions as the Physical
Research Laboratory, Ahme­
dabad, the Textile Industry's
Research Association, Ahmedabad,
and the Indian Institute of
Management, Ahmedabad, with
which he has associations, bear
testimony to this aspect of his
capacity.

In recognition of his scientific
contributions, Dr Sarabhai was
awarded the Shanti Swamp Bhat­
nagar Memorial Award for 1962
and he was honoured by the
Government of India by the award
of Padma Bhushan early this
year.

Dr Sarabhai is a fellow of several
learned societies, both Indian ami
foreign. He has been an active
member of the Scientific Advisory
Committee to thc cabinct, the
National Planning Council of
the Planning Commission, the
Governing Body of the Council
of Scientific & Industrial Research
and the Central Advisory Board of
Education, Government of India.
He is a member of the Editorial
Boards of the]oltmal of Scientific
0- I ndltstrial Research and the
Indian ]oumal of Pitre & Applied
Physics since its inception. Deep­
ly interested in the problems of
disarmament, Dr Sarabhai has
devoted considerable time and
effort in propagating the ideas
behind the Pugwash movement
and is the convener of the Indian
Pugwash Committee.

One of his major interests in
research centres around astro­
physical implications of cosmic
ray time variations and the in­
vestigations made so far from his
school of studv have led to a
deeper understa'nding of the solar
activit.y with respect to cosmic
rays. Space research is another
field of interest to Dr Sarabhai
and it was under his direction
that the Equatorial Rocket
Launching Station at Thumba and
the Experimental Satellite Com­
munication Earth Station at
Ahmedabad were set up.

330



New Publications

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

I

Contains comprehensive account of development and present position of 28 Indian

industries, important among them being Machinery, Motor Vehicles, Petroleum

Refining, Pharmaceuticals, Paints & Varnishes, Paper & Paperboards, Metal

Containers & Closures, Perfumery, Opium Alkaloids, Mica & Mica Products, Oxygen,
Pin & Clips, Needles, Match and Papier Mache.

Pages xiv+315+xii Demy 4to, 6 plates and 89 illustrations
Price Rs 28.00 ($ 8.00, sh.56)

DRUG ADDICTION
With Special Reference tp India

by

R. N. CHOPRA & I. C. CHOPRA

Contains two parts consisting of 12 chapters dealing with: Drug addiction as a

world problem, Addiction producing drugs, Psychiatric and clinical aspects of drug

addiction, Treatment of drug addiction, Minor drug habits, Tobacco habit, Alcohol,

Barbiturates, Cannabis, Opium, Cocaine, Control of drug addiction in India.

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

Copies available from:

Publications" Information Directorate, CSIR
Hillside Road, New Delhi 12
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BOMBAY II

o

Gram: • Esvijack'

OEALERS IN LABORATORY EQUIPMENT
OF EVERY DESCRIPTION

ANALYTICAL BALANCES &

WEIGHTS

Contact Sole Selling Agents:

'LAB-CHEM'

PEERBHOY MANSION

460 SARDAR VALLABHBHAI PATEL ROAD

BOMBAY 4 (BR)

INDIA SCIENTIFIC TRADERS

(or

INDUSTRIAL, RESEARCH & COLLEGE

LABORATORIES

Phone: 76336

Manu(actu red by

LAB-CHEM BALANCE WORKS

Prec ision Balances
from
OSCHATZ
Dependable and approved aids in institutes,
training centres. at numerous workbenches
In large companies, and for efficient service
in small laboratories.

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

VEB
OSCHATZER VVAAGENFABRIK
726 OSCHATZ/SAXONY
GERMAN DEMOCRATIC REPUBLIC

AGENTS

MESSRS K. LAL BHAKRI
P.O.B. 487, New Delhi, India
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FLEXOTHERM
ELECTRIC HEATING CORD

For rapidly making flexible heating elements in
laboratories. Ease of installa.tion make this a
must for Research and Development Laboratories.

FEATURES:

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

• Can heat intricate shapes in glass.

• No time is wasted in designing or calculating or
locating sources of supply when a special type of
heating elements is required. Ready charts give
you the lengths and corresponding wattages.

.. No skilled electrician necessary for installation.

• Surface temperatures upto 350'C.

TYPICAL APPLICATIONS:
Heating of fractionating columns. gas chromato·
graphy columns, condensers, flasks and vacuum
dessicators.

Contact
SJD Department

TEMPO INDUSTRIAL CORPORATION
Engineering Division of Primco (P) l.td.
394 Lamington Road, Bombay 4 BR.
Phone: 358033

Always insist on ~abaralary equipments. They are backed by Service after Sales.
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Palynological Society of India
National Botanic Gardens, Post Box No. 36

Lucknow (India)

PUBLICATIONS

PALYNOLOGICAL BULLETIN, Vol. I, 1965 - Contains papers from T. S. Mahabale; R. V.
Sitholey; R. Potonie; S. P. Singh; S. D. Saxena; P. N. Mehra & P. D. Dogra; S. K. Mukerjce &
P. K. Das; V. R. Dnyansagar; Boshi Sen; Raj D. Bamzai & G. S. Randhawa; M. R. Sharma & T. M.
Varghese; Mithilesh Sharma; G. Erdtman; A. R. Rao, Prithi Awasthi & Prem Khare; P. K. K. Nair;
C. P. Verma; N. C. Srivastava; Pushpa D. Chaubal & G. B. Deodikar; and M. G. Panchakharappa

Revised Price per Copy: Rs. 10, $ 3, £ 1

JOURNAL OF PALYNOLOGY, Vol. 1,1965 - Contains papers from Venkata Rao; B. K. Nayar &
Surjit Kaur; R. K. Ibrahim; S. Chanda & G. Erdtman; P. K. K. Nair & Mithilesh Sharma; S. I. Saad &
R. K. Ibrahim; K. F. Adams & H. A. Hyde; U. C. Banerjee, J. R. Rowley & Mary L. Alessio;
D. N. Shivpuri &·M. P. Singh; V. S. Raman; L. R. Wilson; and Raj D. Bamzai & G. S. Randhawa

Revised Price: Rs. 20, $ 6, £ 2

PALYNOLOGICAL BULLETIN, Vol. II, 1966 - Contains some papers presented to the Sympo­
sium on Palynology, held at the National Botanic Gardens, Lucknow

Revised Prepublication Price: Rs. 20, $ 6, £ 2

JOURNAL OF PALYNOLOGY, Vol. II, 1966, Special Number - Contains a monograph on
the" Pollen Morphology of Indian Monocotyledons" by Dr. (Miss) Mithilesh Sharma

Revised Prepublication Price: Rs. 20, $ 6, £ 2 for members of PSI
and Rs 25, $ 7, £ 2 sh. 10 for institutions

JOURNAL OF PALYNOLOGY, Vol. II, 1966 - Contains papers from B., Gulvag; Vimala
Menon; P. K. K. Nair; Mithilesh Sharma; S. S. Bir; S. 1. Saad; and H. A. Khan

Price not fixed

INSTITUTION MEMBERSHIPS

Allowed on a permanent basis, with year renewal of fees (fee Rs. 20, $ 6, £ 2; plus Rs. 2, ¢ 48, sh. 3
as admission fee, to be paid only once); applies to the regular publications only

Payments made by cheque should bear a bank commission of 7S paise

For copies please write to:

DR. P. K. K. NAIR, GENERAL SECRETARY-TREASURER

PALYNOLOGICAL SOCIETY OF INDIA

POST BOX No. 36, LUCKNOW (INDIA)
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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 I COBRA BRAND' PERFUMES, USEFUL

FOR ALL COSMETIC & TOILET PERFUMES SUCH

AS HAIR OILS, BRILLIANTINES, SOAPS,

AGARBATTIES, FACE POWDERS, ETC.

FOR SAMPLE AND PRICE, PLEASE WRITE TO THE ABOVE ADDRESS

AGATE MORTARS & PESTLES
(Grade AI)

Absolutely and totally flawless quality, both internally and
externally. These Agate Mortars and Pestles are being
exported to very well-known users and trade houses in
U.K., U.S.A., Japan and all other countries of the world.

Sizes available from 20 mm. to 200 mm. diameter

Also available

All types of IP THERMOMETERS for the Petroleum Testing Laboratories

PLEASE CONTACT

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

Phone; 442761

'SIR-JULY 1966

Telegram: lABFURNISH

Branch Office: KAPASIA BAZAR, AHMEDABAD 1
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'CORNING' BRAND

CONICAL OR PHILIPS BEAKERS
Highly resistant to the chemical attack of water and almost every acid,
in the general working range of tempe\l"ature. Withstand repeated
sterilization, wet or dry.

Now available for immediate delivery. Sizes: 250 mi. and 400 ml.

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, KALBADEVI ROAD, BOMBAY 2

'CORNING' BRAND LABORATORY GLASSWARE is now manufactured in India in active collaboration with a
world leader in glass: CORNING GLASS WORKS, CORNING, N.Y., U.S.A.

RAW MATERIALS FOR

RESEARCH & INDUSTRY ••• 6

SCHOELLER & HOESCH GMBH.
(West Germany)

All kinds of technical and high qua­

lity papers required for manufacture

of various types of condensors and

cable insulation paper, etc.

For further particulars contact:

K. S. HIRLEKAR
Western India House

Sir Phero%shah Mehta Road
BOMBAY I

Gram: 'INDBUREAU'. Bombay • Phone: 251931/252073

A28

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.

Single copy 0.50 paise
Annual subscription Rs 5.00

For full particulars, please write to the Manager,
Indian Languages Unit, CSIR, P.W. Bui/ding,

Hillside Road, New Delhi 12

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

Research. Rafi Marg, New Delhi I
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British Drug Houses (India) Private Ltd.
Laboratory Chemicals Division.
8 Graham Road. Bombay 1.

/SIR-JUL Y 1966

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

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

@ Laboratory Chemicals

AZ9.



Available from Stock
* METROHM pH-METER E 350

• Mrasuring range 0-14 pH; -500+500 mY

• Accuracy of reading: 0.05 pH, 5 mY

• Absolute accuracy: 0.1 pH, 10 mY

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

• Maximum load: 200 gm.

• Sensitivity: I mg.

* ENDECOTT'S STANDARD TEST
SIEVES

Contact:

PHARMA TRUST
114 Princess Street, Bombay 2

optical instruments
and

allied components
•

GHARPURE & co.
P-)6 INDIA EXCHANGE PLACE EXTN.

CALCUTTA I

Gram: HEENAHO • Phone: 22-2061

A30

MODERN SCIENTIFIC INSTRUMENT
COMPANY

48A/48B SADASHIV CROSS LANE

BOMBAY 4

*
Direct Importers & Stockists of

'PYREX' Brand
Laboratory Glassware and

Apparatus

*
Manufacturers of

'MODERN' Brand
Laboratory Equipment
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Techsnaiiexpa"rf
MOSCOW U.S.S.R.

Exports
Gamma- Radiation Cobalt 60
Gamma-Radialion Cobalt-60 sources ..... ith specific activity up to 150

curies per oramme and total.activity up !o 6000 curies. The sources are
supplied in double ampules of stainless steel

The air·tightness of packing is ensured; no contamination on the surface
of sources is guaranteed.

V jK Techsnabexport exports also a wide range of Gamma· and Beta-ray

sources made of Cesium·137, Iridium·192, Thulium·170, Strontium-OO,
Promethium·147 and others.
The catalogues .re sent on request

AVAILABLE ON ~UPEE PAYMENT
for further details please contact,

TRADE REPRESENTATION OF THE U.S.S.R. IN INDIA
NEW DELHI CALCUTTA BOMBAy. MADRAS
Plot Nos. 8 & 7 1 Bishop Lafroy Rd. 46 Peddar Rd. 50.A
Block 5Q·E St. Mary's
Nyaya Marg Road,
Chanakyaouri Alwarpet INTERADS
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RFL
Model 889B

'l>

MAGNETREATER

Self-contained unit will stabilize almost any Permanent Magnet System.

The Model 889B Magnetreater is a high energy, pulse type DC magnetizer for precisely
controllable stabilization of permanent magnets of all kinds, as well as of complete magnet
assemblies.

The model 889B is particularly well suited for such applications as the stabilization of magnets
in DC indicating instruments or as the calibration adjustment medium for accelerometers,
DC permanent magnet field motors, torque motors, and a great variety of other designs
embodying permanent magnets. Also, in certain cases, the model 889B may be used for
total demagnetization.

Output of the model 889B is series of damped wavetrains whose power level is continuously
variable from ° to 50,000 VA. Output level is controlled by a coarse adjustment plus a
vernier, providing resolution of better than 0. I per cen t.

The very high energy output of the Magnetreater is achieved without excessive primary
power demands since the energy released during each fifty-millisecond pulse train is
accumulated over a period of approximately one second. Thus the equipment may be
operated from a standard AC line, and no special installation or power connections
.are required.

RADIO FREQUENCY LABORATORIES, BOONTON

For details please write to:
SOLE DISTRIBUTORS

THE SCIENTIFIC INSTRUMENT COMPANY LIMITED
ALLAHABAD BOMBAY CALCUTTA MADRAS NEW DELHI

Head Office: (, Tej Bahadur Sapru Road, Allahabad
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A RANGE FROM THE HOUSE OF
SCIENTIFIC INSTRUMENTS

GD GORDHANDAS
DESAI PVT: LTD.
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OUR OWN LINE OF
PRODUCTS
.. GO ... Pressuvac
Combined Pressure and Vacu'·" Pumps

.. GO" . Optika Microscopes
Student and Medical Models

.. GO" . Centroflx
Laboratory Centrifuges. 2. 4 and 8 tube>
models

.. GO" . Stirrers
Laboratory and Industrial Electrical
Sti rrers. with or without hotplates

.. GO ... Balances
Student and Precision, Chemical Models

.. GO ... Laboratory Glassware

.. GO ... Hardware
Gas and Water Taps, Burners, Clamp, etc.

.. GO ... Orsat Gas Analysis Apparatus

.. GO ... Biological Supplies
Demonstration and Museum Specimens,
Charts, Agricultural, Medical and Veterin­
ary Models, Micro prepared Slides, Stuffed
Animals, Embalmed Specimens, Skeletal
Preparations, Plastic Embedded Specimens,
Slide Cabinets, Insect Boxes, Insect
Cabinets, Card Index Cabinets, Vasculums,
Herbarium Presses, Biokits, Specichro­
grams, Stains Alizarine Preparations,
Aquaria, Micro Cover Glasses, Microtomes
and Accessories, Trays, Inspissator



Bausch & Lomb
Spectronic 600E Spectrophotometer

Today there are enough good double beam UV Visible Speetrophotometers to make 3.

choice difficult until you see the Spectronic 600E.

With two 1200 grooves/mm. Gratings 111 senes, you Cm1 take performance for granted.

Wavelength accuracy and bandpass are 0.5 nm. over the entire range ... stray

light is less than 0.5 per cent.

And when you discover the lolV pnce, the choice becomes obvious.

Accessories Available

• V.O.M. RECORDERS • CONSTANT TEMPERATURE CELL

• DT-20 DIGITAL READOUT • MICRO CELLS

• REFLECTANCE ATTACHMENT • FLAME ATTACHMENT

• END-ON PHOTOMULTIPLIERS • U-V REFLECTANCE ATTACHMENT

• FLUORESCENCE ACCESSORY

For fllll inforlilation, please write for illustrated catalog/Ie to

SOLE AGENTS

MARTIN & HARRIS (PRIVATE) LTD.
SCIE:\TI FIC lJEI'A nHIE:\T

SAVOY CHAMBERS, WALLACE STREET, BOMBAY 1 BR
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