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HEWLETT PACKARD

New 20 MHz X- Y-Z Monitor

The extraordinarily wide dc to 20 MHz bandwidth on all three axes of the new hp 1300A
provides an X-Y capability not found in any other monitor. You get 20 times the
bandwidth. twice the brightness found in other monitory. Use it whenever you need
extra large, accurate, easy-to-read displays. The internal graticule. 8 X 10 inch, 20 kv
CRT gives you large. bright displays you can see across a big room - with no parallax
error.

The 1300A monitor writes at better than 20 inches/flsec for bright displays of signals.
even low duty cycle signals sensitivity of 100 mv/it provides large displays of low level
signals. The compact 12 inch high rack space package weighs only 47 pounds. including
self-contained power supply. All soli.d-state circuitry requires only 175 watts of power.

For details, please write to:

SOLE DISTRIBUTORS

THE SCIENTIFIC INSTRUMENT COMPANY LIMITED
ALLAHABAD BOMBAY CALCUT'rA~ MADRA'; ·NEW DELHI

Head Office: 6 Tej Bahadul' Sapru Road, Allahabad
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INCREASED PRODUCTION ENSURES QUICK SUPPLIES
QUADRANT INSTRUMENTS

Manufactured under licence from
HARTMANN & BRAUN AG., WEST GERMANY
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THE WEALTH OF INDIA
A Dictionary of Indian Raw Materials and

Industrial Products

RAW MATERIALS: V~L. VII (N-Pe)

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

Contains 301 entries-294 on plant species, 4 on animals and animal products,
and 3 on minerals.
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Olive green where there is foliage

On canvas The unprinted side for snow-covered areas

ONE SIDED printing serves aDUAL PURPOSE
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In peace time ·as in war. a great deal of
a soldier's life is spent under canvas.
Today. millions of metres of canvas are
being pigment printed to make vitally
needed tents for our Jawans.

This is one of the many cases where
only pigment printing can do the job
correctly. On the home front too,
pigments and resin binders are m·aking a
significant contribution to the nation's
textile industry in earning foreign exchange.

Wherever quality pigments and resin
binders are needed, textile manufacturers
specify COLOUR-CHEM producls-
backed by over a hundred years of
German technological experience.
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Indokem Private ltd .• BOrTlb4y ,
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METAL TESTING MACHINES
A from VEB WERKSTOFFPRUMASCHINEN

(formerly Louis Schopper) German Democratic Republic

for
ENGINEERING • Available from stock

~~. or incoming
shipments

COLLEGES • Prices fixed in
accordance with
STC's price formula

• Imported against
licence issued at the

POLYTECHNICS recommendation of

* the Ministry of
Education, Government
of India

RESEARCH • Hundreds of machines

*
already in use at
more than 125
Engineering Colleges,

INSTITUTES
Polytechnics and
Research Institutes
throughout India

AS

Sold and serviced in India exclusively by

BLUE STAR

Gel complele details from BLUE STAR offices at:
BOMBAY: Band Box House. Prabhadevi
CALCUTTA: 7 Hare Street
NEW DELHI: Connaught House, Connaught Circus
MADRAS: 23/24 Second Line Beach
KANPUR: 14/40 Civil Lines
HYDERABAD: 7·'·21 Begumpet
JAMSHEDPUR: 1 B Kaiser Bungalow. Dindli Road
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FOR ANALYSIS IN THE FIELD OF

EDUCATION, AGRICULTURE. INDUSTRY
MEDICINE, PUBLIC HEALTH, FOOD, OIL

PHOTOELECTRIC
INSTRUMENTS

FLAME PHOTOMETER

available ex-stoch

NEPHELOMETER
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BOMBAY II

Contact Sole Selling Agents:

DEALERS IN LABORATORY EQUIPMENT
OF EVERY DESCRIPTION

Gram: ' Esvijack •Phone: 356336

'LAB-CHEM'
ANALYTICAL BALANCES &

WEIGHTS

for

INDUSTRIAL, RESEARCH & COLLEGE

LABORATORIES

PEERBHOY MANSION

460 SARDAR VALLABHBHAI PATEL ROAD

BOMBAY 4 (BR)

INDIA SCIENTIFIC TRADERS

•

Manufactured by

LAB-CHEM BALANCE WORKS
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• Ct'p~R~~~AL
AND ANALYSIS USE

ANALYTICAL
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*****"* *-¥"*~"*"*-;l\~**

THE INTERNATIONAL
CHEMICAl INDUSTRIES

IO~·B. UPPfR CIRCULAR ROAD (ACHARYA PRAFUllA CH,4NDRA ROAD) CAL-9
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eNS DRUGS
A Symposium

Contains 32 papers covering diverse aspects of CNS drugs such as chemistry and

pharmacology of new drugs and known drugs, structure-activity relationships,

theories on the mechanism of action, development of tolerance and related

subjects, presented at the international symposium on CNS Drugs held at the

Regional Research Laboratory, Hyderabad, during Ja:lUury 24-30. 1966.

Pages xv+367; Royal 8vo Price Rs 33.00; Sh. 66 or $ 10.00

Copies available from:

Sales & Distribution Section
Publications & Information Directorate, CSIR

Hillside Road, New Delhi 12

SINGLE CHANNEL & MULTI CHANNEL

Available for
tem perature ranges from 0° to Iaaoc ± a.2°C

Flexible Probes. High Accuracy • Direct Reading

Remote Indicating • Portable & Compact

Reads within 5 sees.
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LI-066 ELECTRONIC TELETHERMOMETE R

CONTACT

LABORATORY FURNISHERS
DHUN MANSION, VINCENT ROAD, BOMBAY 14

Telephone: ~42761 Telegram: LABFURNISH, Bombay-Dadar

Branch Office: Kapasia Bazar, Ahmedabad 1
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WHY are multimeters referred to as Avometers? Because the
Avometer has maintained its leadership throughout the world over the last
40 years. The AVO Panclimatic Avometerl,:odel 8 x Mark III is the l.1t:male
in technological sophistication•

•~
AVOMIlIH Model 8x Mark III
... the Ultimate in Multimeters
The Avomelcr for electrical, electronic, radio and television engineers. Has a uniQut
combination o! comprehensive ranges and automatic overload prolection. in addition to I

high degrce of accuracy. reliability and simpliclfy of usc.

"Panclimatised"-Immune to unfavourable climatic conditions. ImpervIous to the Ingress

of moisture. Fungus resisting. Electrical leahage through and across mouldings reduced to

a negligible minimum. It conforms to I.S. 1248/1958 for Industrial portables.

Made in India bV

THE MOTWANE MANUFACTURING COMPANY PRIVATE LTD.
Nasik Road (Mahdrdshtra), in technical collaboration with A. VO limited. U.K.
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--------------_.-------------------,

The Avometer Mode' I It Mark III has these reliable features:

'rotection - Automatoc cut-oul to prolect inadvertent overloads and fused ohms circuit.

The meter is flash tested at 6,000 volts.

Scalu and Rangu- Four conveniently divislOned scales with anti·parallax m·irror. You can

just twiddle the two big knobs t" have over 30 calibrated ranges -11 AC/DC current to

me.sure up to 10 amps,15 AC/DC vOllage-up to 2,500 volts-5 resistance up to 200 meg"­
ohms and a 30 db power scale.

Sensitivity-20,OOO ohms/volt DC. t,OOO ohms/volt AC.

Accuracy-l% I.s.d. DC amps,2% I.s.d. DC volls. 2i% f.s.d. AC amps and volls.

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

Ohms-Zero - When using resistance ranges, ohms-zero controls are provided to allow lor
delerloration in battery voltage.

Reverse-Polarity-Bullon - No need to change the leads for revers,ng currenl through the

mOVing coil. Just press the REV. M.C. button.

Discrimination - Electrical interlocking prevents meter reading when range switches are

selto AC and DC ranges simullaneously -thus the meter discrimin.tes between AC and

OC sources.

tmproved Temperatu,e Coefficienl- This makes possible measurements up to 400 .mps
DC via. range of shunts.

leads and Prods - Special high vollage Avo leads WIth ,nterchangeable metal ctips,

together with a pair of long reach safety clips (Mark-21, are provided.

luther Cas.. with Should., St,aps - (a) Standard case from which the meter has to

be removed before using, (b) Ever-ready case which enables direct reading from the meter

without removlOU the case.

Sole Sales Distributors:

MOTWANE PRIVATE LIMITED
!21,II.halma Gandhi Ro.d. Poll Bo. No. 1312. Bombay-! • Phone: 252337 • Tele.: 458 CHIPHONE BY

Grams: 'CHIPHONE' all office••
Branthes at: New Oelhl, CatcuUa. Lutkno.., icanpur, M.dras .nd B.ng.lore.

CMt1L.ll
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GLASS LINED
REACTION KETTLES

COMPLETE with all ACCESSORIES, VARIOUS
TYPES OF STIRRERS, THERMOWELlS, VALVES,

CONDENiORS (single or double walled)

Made from tested M.S. plate and perfectly
glass lined. Present capacity from 5 gallons
to 100 gallons.
DISTILLATION UNITS complete with glass
coated pipes, bends, tees, etc.
These units are jacketed: suitable for steam
heating or cooling by brine.

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

COMPLETE FILTRATION UNIT with sintered
glass filter plate fitted in.

PIONEERS: GLASS LINED EQUIPMENT

DR. RAO'S LABORATORY
Patel Compound, Near Nair Hospital

BOMBAY 8
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"CORNING"
BRAND

LABORATORY
GLASSWARE

(MADE IN INDIA)

•
.. CORNING" Brand Labaratory Glassware

is now manufactured in India by

BOROSIL GLASS WORKS LTD.
Bombay

in collaboration with a world leader
in the (reid

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

•
The Balanced Glass

"CORNING" Brand Glass is manufactured from 'harder'

heat resisting BOROSILICATE GLASS in which the

properties of mechanical strength, thermal and chemical

resistance are idelily balan"d for general laboratory

application. Its for.nula (C~rning formula No. 7740)

assures high ciemical stobility and still provides ex­

ceptional resistlnce to thermal sho:: k. It is, therefore,
che best gl.ss available in the market for o"er 99 pcr

cent of all requirements.

EQUAL TO ANY IMPORTED
BOROSILICATE GLASSES

Our new price list sent on request

•
DISTRIBUTORS

B. PATEL & CO.
DIRECT IMPORTERS 3< STOCKISTS OF

SURGICAL 3< SCIENTIFIC GOODS

27/29 POPATWADI, KALBADEVI ROAD

BOMBAY 2

Phones: 38689 & 39702 • Grams: GLASAlSORT
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RADIOTONE
TRANSFORMERS

We design and build

• Transformers up to 25 KVA. 3 Phase or
Single Phase - Step-up or Step-down

• Current or Potential Transformers

• Neon Sign Transformers

• High Voltage or low Voltage Trans­
formers

for any specifications

Write giving detailed requirements to enable
us to forward our best quotations.

We have bee n supplying above types of trans­
formers as well as battery chargers, wave
band switches, rectifiers, etc., to Industry,
Trade and Government Departments for nearly

20 years past.

RADIO ELECTRIC PRIVATE LIMITED
M.nuf.cturers of RADIOTONE Products

Lamington Chambers, Laminlton Road
BOMBAY ..
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(<i,? mm GRAM, , 'ASHACOM' PHONE: 228SS

If mm SUPERIOR LAMP BLOWN

j mm PYREX GLASS APPARATUS;

:~ Jii~!::~::soms
6 Man~~~~tured by

SC-IENTIFIC EQUIPMENT
MFG. CO.

An associate of

ASHA SCIENTIFIC CO.
DIRECT IMPORTERS & MANUFACTURERS' REPRESENTATIVES.

SOl, GIRGAUM ROAD. BOMBAY 1.

Interchangeable Laboratory
Glassware 'Our Specialit/•.....

WE SUPPLY COMPLICATED RESEARCH APPARATUS

v
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Universal
UV-lamp
For Thin-Layer Chromatography and many
other applications.

Long-wave ultraviolet light (350 m,ul:
fluorescent substances become vi:ible

Short-wave ultraviolet light (254 m,ul
UV absorbing substances can be detected by
t~e TLC ultraviolet quenching technique

The CAMAG Universal UV·Lamp
has both types'of light source
is of high intensity
can be switched from one wave-length te the
other at any time
can be switched on without a cooling-down
period
is easy to handle and versatile
can also be used for ultraviolet photography

",
;

;
;
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I

I
I
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I
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Instruments
Generally
Available
Ex-Stock

• B & L •SPECTRONIC-20'

SPECTROPHOTOMETER-CUM­
COLORIMETER

• CENCO HYVAC & OTHER IMPORTED
VACUUM PUMPS

• DR. LANGE'S FLAME PHOTOMETERS

• DR. LANGE'S & KLETT
PHOTOELECTRIC COLORIMETERS

• ABBE REFRACTOMETERS

• MICROSCOPES: Binocular & Microphoto­
graphic, Polarizi ng. Stereozoom, Stereo­

scopic Microscopes

• INDUSTRIAL FILTER PAPERS for filtration
of crude oil, diesel oil, petroleum oil.

transformer oils. etc.

• SINGLE PAN ANALYTICAL BALANCES

• ALL SORTS OF SILICA. PORCELAIN
AND GLASSWARES

We shall be pleased to send you catalogue TL65
with full details of instruments ano adsorbents for
Thin-Layer Chromatography.

Homburgerstrasse 24
4132 Muttenz/Switzerland

Represented in more than 30 cou:1tries.
Our list of agents will be sent on request
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For details and for 'CAMAG' catalogue
please write to

RATIONAL SALES ASSOCIATES
65-67 Sutar Chawl, Zavari Bazar

BOMBAY 2

Telephone: 327647

Telegrams: CREAl",WOVE, Bcmbay
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•DIRECT INKING •MOVING COil
•STRIPCHART

A. C. D. C. RECORDERS

Q)

'"lJ)
a.a.

Records directly on a strip-Chart

( llcms wide) currents and voltages

by a continuous inkin'g stylus.

Suitable for recording all phenomena

convertible into electrical output.

MANUFACTURERS:
ADEPT LABORATORIES
KARVE ROAD, POONA- (INDIA)

INDEX TO ADVERTISERS

Adept I.ahomtoric~, Poona At7

Asha Scientilic Co" Bombay AI5

Blue Star Engineering Co, (I'ri,'ate) Ltd.,
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ELECTRIC
OVEN

PARAFFIN EMBEDDING

BATH
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Current

International Facility for
Space Research

THE dedication of the Thumba Equatorial
Rocket Launching Station (TERLS) to the

Cnited Kations on 2 February by the Prime
Minister, Shrimati Indira Gandhi, and the inaugura­
tion of the Indian Rocket Society the following day
mark the beginning of a new era of international
cooperation in the field of space research. TERLS
owes its establishment to India's rcady response
to a UN offer made to its member nations in 1962
to accord its sponsorship to an equatorial launch­
ing base to be established as an international
facility for peaceful uses of outer space and for
scientific investigatiun of the upper atmosphere.
Being the only land-based rocket launching sta­
tion in the world situated near the geomagnetic
equator, TERLS fills one of the major gaps in the
global coverage of the upper atmosphere by sound­
ing rockets. The Station is ideally situated for
studying the geophysical phenomenon of equa­
torial electrojet, unique to the equatorial atmo­
spheric profile. This phenomenon, not yet fully
understood, is known to have a profound influence on
the make-up of the global weather. TERLS also
offers a rare facility for research on the winds of the
mesosphere (30-60 km.) and in X-ray astronomy.

Thanks to the generous contribution and unique
cooperation of many countries to this project,
TERLS has already become a well-equipped space
research centre with all the facilities needed
to launch a variety of sounding rockets. The
equipment provided by USA includes two rocket
launchers and a telemetry receiving station and that
by CSSR, an MI-4 helicopter, for range surveil­
lance and payload recovery duties, a transistorized
electronic computer and equipment for payload
testing. France has gifted a launcher, a radar
and a high-speed camera for photographing of
rockets. The rest of the essential equipment was
fabricated and supplied by the Department of
Atomic Energy. The facilities available at the
Station include vehicle assembly, payload prepara­
tion and check-out, block-house for the launching
crew and project scientists monitoring the payloads
until the time of firing, telemetry, tracking radar,
meteorological support and computation for pro­
gramming and data analysis. The Station has
a creditable record of experimentation, with 56
successful launchings - 29 Judi-Dart meteorological
rockets, measuring winds in outer space between
30 and 70 km.; 20 Nike-Apache rockets utilized
for measuring atmospheric winds, temperature,
diffusion and turbulence by photographing the trail
of the ejected sodium vapour from special camera
stations; and 7 Centaure rockets for investigating

Topics

the atmosphere extending up to 160 km. A matter
of even greater satisfaction is the successful launch­
ing of three 'Rohini' rockets developed entirely
indigenously. In addition to making scientific
observations connected with the rocket launching
experiments, the Station has made considerable
headway in designing and developing various
sophisticated items of electronic and mechanical
hardware and other special devices. These include
telemetry transmitter, electronic timers, antenna
systems and other ground support equipment.
Through indigenous effort 8 different types of rocket
nose cones, payload housing and canisters, mechani­
cal timers and nose cone ejection systems have been
developed. Another notable achievement is a Dart
payload system for meteorological rockets which after
severe flight tests has already become operational.

Under the direction of the Indian National
Committee for Space Research (INCOSPAR),
TERLS has an ambitious programme of activities
for the immediate future, including radio frequency
mass spectrometer experiments in collaboration
with the Max-Planck Institute of West Germany,
rocket launching experiments for investigating
X-ray sources in space, intensive radio propaga­
tion studies and manufacture of Centaure rockets
in collaboration with Sud-Aviation of France.

The main objectives of the Indian Rocket
Society, with its headquarters located at TERLS,
and inaugurated on 3 February by Dr Luigi G.
Napolitano, President of the International Astro­
nautical Federation, Paris, are: (i) to promote and
stimulate space flight activities to achieve scientific
knowledge of outer space for peaceful purposes;
(ii) to secure widespread dissemination of technical
and other information on space flight through ex­
change of ideas, publications, research collaboration,
etc., between members; (iii) to stimulate public
interest in and support for the idea of space flight;
and (iv) to stimulate work on astronautical subjects
by the national establishments engaged on space
research, scientific institutions, universities, commer­
cial and industrial firms, individual specialists, etc.

The two events, viz. the dedication of TERLS
to UN and the establishment of the Indian Rocket
Society, are bound to provide considerable fillip
to their respective avowed objectives - inter­
national collaboration in respect of scientific
investigations directed towards peaceful uses of
outer space, and promotion of national effort in the
field of space research. An important contribution
of TERLS in promoting international collaboration
will be the provision of facilities for space research
to such member states of UN as are unable, because
of economic or technological factors or the unsuit­
ability of their territories to support sounding rocket
programmes except through cooperative effort.
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Methods of Measuring Vapour Pressure of Water & Other Liquids
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ACCURATE determination and control of vapour
pressure of liquids, specially water, have
important implications in sorption studies,

air-conditioning, manufacture of many equipment,
components, etc. Different methods are required
to determine vapour pressure or relative humidity,
depending on the nature of the problem. A chrono­
logical and comprehensive review on hygrometry
has been published by Gregory and Rourkel .

Nesmeyanov 2 has also reviewed the methods of
vapour pressure measurement. The present review
is an attempt to make the information on methods
for the measurement of vapour pressure up to date.

General Methods
Earlier methods of measurement of water vapour

in atmosphere were based on the determination of
increase in weight of adsorbents, such as wool, silk,
cotton, etc. Latham and Stow3 determined the
relative humidity of air from the magnitude of the
vertical movement accompanying the mass changes
in a ventilated ice sphere suspended by means of a
quartz spring. The changes are indicated by an
optical device. Relative humidity can be deter­
mined within an accuracy of 5 per cent over the
temperature range 0-60°C. This method is useful
in industrial practice. Due to moisture adsorption,
the dimensions of some materials increase. Rocha'
used the expansion of timber caused by the adsorp­
tion of water vapour to measure the relative humi­
dity in cavities of dams. He measured the change
in dimension from the strain caused on a thin
vibrating wire. The change in vibration due to the
strain was calibrated to read the relative humidity.
Hair is another material commonly used to deter­
mine relative humidity. Muller5 has termed such
materials used for determining relative humidity
as humidity sensors. lies and Worsnop6 discussed
the working of a single hair hygrometer under
varying conditions of temperature and humidity.
Davey? has discussed the sensitivity of hair hygro­
meters. Lebedeff8 used this type of hygrometer to
measure relative humidity of soil air. Gregory and
Rourke l found that impregnated fibre glass yarn
suspended from the arm of a sensitive balance,
calibrated over sulphuric acid of different strengths,
forms a highly sensitive hygrometer for use in both
industrial and research practice. It has the addi­
tional advantage that the effect of temperature
variation is almost negligible.

Any non-volatile liquid (generally mineral oils)
can be used in a U-tube manometer to measure
pressure difference. For greater pressure difference
mercury manometer is used. A mercury V-tube
manometer is simple to construct, requires no cali­
bration and operates over a wide pressure rangee.
With each arm connected to a separate region, the
manometer can be used to obtain differential pres­
sures or can be used as a null device. Commonly,
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one arm is evacuated and the manometer indicates
the total pressure directly. The closed type mano­
meter (containing some air) works on the principle
of Boyle's law. McLeod gaugelO works on this
principle and can be used to measure pressures as
low as 10~ cm. Hg. It is important that the gas
whose pressure is being measured should not con­
dense under pressure used to measure the volume
in the capillary tube of the manometer. In a capil­
lary method for determining saturation vapour
pressures of liquids reported by Borrell and
Nyburgll , saturated vapour mixed with air is
trapped in a capillary by means of a free moving
mercury pellet. At low temperatures, vapour
pressure becomes negligible and the trapped volume
contains only air. Thus vapour pressure at high
temperature can be calculated. Douslin and
Osborn12 designed an inclined piston gauge which
can be used in thermochemical research for accurate
determination of vapour pressures in the low and
intermediate ranges. Accuracy of the gauge proper
lies in the range 0·001-0,012 Torr. According to
Nesmeyanov2, a cover of non-volatile liquid should
be used when the pressure of a vapour capable of
reacting with mercury is to be measured. Inclined
manometers have higher sensitivity. Inclined
manometers containing glycol were used by Quitzsch
to measure vapour pressure very accurately2.
Bourdon gaugel3, which consists of a spiral metal
tube of oblong cross-section with one end open and
exposed to pressure, can measure high pressures of
the order of a few atmospheres. The pressure
causes the tube to straighten and this is conveyed
to a pointer. Barrer and Wasilewskai l4 measured
vapour pressure down to a very low value (0,05
mm. Hg) with a spiral gauge consisting of a hollow
spiral connected to a vapour chamber; the spiral
itself is enclosed in a separate chamber in which any
desired pressure can be created. The change in
pressure is measured by the deflection of a mirror
attached to the spiral. It can measure pressures
in the range 1-760 mm. Hg and up to 350°C.
Foordl5 made a Bourdon type manometer combin­
ing both spiral and membrane principles which can
measure pressures from I mm. to I atm. and can
also be used at high temperatures. Nesmeyanov 2

constructed a manometer containing a thin flexible
membrane (on which a small mirror is attached)
sealed into an expanded glass tube attached to a
vacuum system. The pressure change causes flex­
ing of the membrane, which is observed by lamp
and scale arrangement. A pressure difference of
10 mm. Hg can be measured by this device with an
accuracy of 0·01 mm. Hg. This manometer is
specially useful for measuring pressure of gases
corrosive to mercury. Aneroid manometer16 is a
partially exhausted cylindrical metal box with top
slightly deformed bv change of pressure. This
deformation can be magnified by a set of levers and
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can be used to measure pressures around atmo­
spheric pressures. Grotyohannl7 constructed a
pressure gauge, which nulls automatically pre~sure

differences across a spoon gauge by optically coupl­
ing a servo control. Pressure up to 1 atm. can be
measured with an accuracy of 0·5 mm. Hg. This
apparatus is specially useful for measuring the
vapour pressure of sulphur trioxide.

Knudsen18 absolute manometer can be used to
measure low vapour pressures. In a rarefied gas,
if two plates are at different temperatures and are
at a distance less than the mean free path of the gas
molecules, then the force with which the gas mole­
cules act on the cooler plate is not the same on both
the sides. The difference of the above force is pro­
portional to pressure. To determine gas pressure. the
repulsive force between the two plates is measured.

Psychrometers
According to Middleton and Spilhaus19, of all the

ventilated psychrometers, the simplest and the
cheapest is the sling psychrometer or whirling
psychrometer and Assmann psychrometer is one of
the best ventilated psychrometers. The smaller the
bulb of the thermometer, the less the wind speed
necessary to obtain the maximum depression in
temperature19. Thus a thermocouple wound with
very fine cotton fibres could be used as a wet bulb
thermometer. Simons2o using copper-eurek thermo­
couple determined relative humidity between 0
and 10 per cent and down to -40°C. Powe1l21

fabricated an apparatus incorporating a 40 SWG
nichrome-constantan thermocouple. Richardson22

used a thermocouple type recording psychrometer
for measuring relative humidity in hot and arid
atmospheres. The technique utilizes dry and wet
thermocouple sensors with each output recorded
on a potentiometer recorder. To eliminate error
due to heat conduction, the wet bulb contains
precooled water. BOX23 designed a thermocouple
psychrometer which uses Peltier cooling to condense
water on to the wet bulb thermocouple junction
to measure the relative humidity in the range
98·4-100 per cent. Richards24 also designed a ther­
mocouple psychrometer for measuring the relative
vapour pressure of water in liquids or porous mate­
rials, having a sensitivity of 0·002 per cent relative
humidity at high humidities. Shiba and Tozawa25

fabricated a wet and dry plate dew point hygro­
meter. A graph between dry bulb temperature
and temperature difference (between dry and wet
bulbs) is plotted and the dew point temperature
is determined by extrapolating the line to read zero
difference in temperature. Worra1l26 described a
psychrometer for determining vapour pressure of
water in air with dry bulb temperature exceeding
100°C. This can be done provided the wet bulb
temperature does not exceed 100°C. and with some
other limiting conditions. Branton27 reported a
method to measure relative humidity with a
psychrometer at temperatures below freezing point.
Collins28 made a platinum resistance psychrometer
with a moistened cotton sheath and used it as a
wet bulb thermometer. Taylor29 discussed the
response of such psychrometers to fluctuations in
relation to vapour pressure.

Dew Point Hygrometers

Dew point methods, according to Bemis30, are
at present the best for the determination of relative
humidity as far as accuracy at low humidities is
concerned. Paine and Farrah31, after reviewing
the literature on measurement of vapour pressure,
selected the dew point apparatus for meeting the
performance objectives. Dew point measurements
can be used for vapour pressure determinations
over very wide ranges of moisture contents. Frost
point hygrometer, a modification of the dew point
hygrometer, is reported to be useful for detecting
the humidity of extremely dry gasesl • Dobson
and Brewer32 found that dew point methods are
satisfactory even at low temperatures and all that
is required is to note the temperature of the surface
when a thin deposit of dew is neither increasing nor
decreasing. According to Paine and Farrah31, dew
point is the temperature at which a deposit of dew
or frost on a non-sorptive inactive surface is main­
tained without transfer of vapour to and from the
surface. According to Regnauit's principle. dew
point of air is the temperature at which air must
be cooled at constant pressure and constant water
vapour content to become saturated. On the
other hand, according to Gregory and Rourke1•

adsorbed water exists on glazed surfaces at tem­
peratures higher than the dew point. The surface
films are so thin that at that stage all liquid mole­
cules are in the range of attraction of atoms of the
solid surface. When temperature is lowered, the
thickness of the adsorbed layer increases beyond the
influence of atoms of the solid surface and only then
the surface tension forces become important and
fine drops are formed. Thus the dew point may be
considered as a sequence of phases throughout which
the moisture phase changes from an adsorbed film
to the liquid phase. The range of temperature
throughout this droplet phase is probably of the
order of a fraction of 1°C. This phase may be
regarded as representing a stable state of equi­
librium and over this narrow range of temperature,
the transfer of vapour to or from the cooled surface
is zero. Most dew point instruments. including
that of RegnauIt, do not operate strictly according
to Regnault's principle. They create a temperature
gradient between moist gas and the cold surface and
the correction due to this is serious under dry
conditions.

According to Hartley et al. 33, the major require­
ments for dew point measurements are: (i) a rela­
tively clean polished surface for dew collection,
(ii) a means for detection of dew or frost, and (iii) an
accurate and stable method to measure the surface
temperature. Paine and Farrah31 also discussed
these requirements. including a compensated con­
trolled amplifier. Cooling and heating arrangements
and ventilation are among the other requirements.

It is not usually possible to measure the surface
temperature of a body accurately and it is difficult
to judge the beginning of condensation19• According
to Wylie et al.34, the temperature at which condensa­
tion begins abruptly represents only an approxima­
tion. While determining the frost point between
zero and -20°C., dew comes as a nuisance on fresh
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surfaces and it could be overcome by cleaning the
surface by saliva35. Wylie et al. 34 discussed two
probable causes for error in the determination of
dew point temperature. A perfectly clean surface
for dew collection is not achievable, since there is
water-soluble matter which causes incipient con­
densation at temperatures well above the true dew
point. This lowers the vapour pressure due to
Raoult's effect. The fine drops also cause elevation
of vapour pressure due to Kelvin effect. This effect
can act as a barrier to droplet growth. The effect
is also important in the growth of deposits in which
coalescence is occurring. Kelvin effect is en­
countered if an accuracy better than 0'2°(. is sought.
John and Sekhon~3 found that deposits of vapours
of liquids like carbon tetrachloride and ethyl formate
on the surface take the form of thin films; some
colour patterns are obtained at the dew point,
indicating that the film thickness is of the order of a
few molecules. Water vapour takes the form of
fine drops. It follows that since the surface is not
wettable by water and since water has high surface
tension, fine drops are formed. Since the surface
is wettable by liquids like carbon tetrachloride and
ethyl formate and since they have low surface
tension, films are formed.

With some skill, visual observation can give
satisfactory results37. Observation of dew forma­
tion can be facilitated by making a mark on the
thimble with a very thin smear of grease. Dew
can, however, be more easily detected on a flat
surface. To facilitate the detection of dew, air
may be blown across the disc as a narrow jet. The
surface must be cooled slowly. Only one-half of the
disc is cooled, so that a contrast is obtained between
the dewed and dry metaL John and Sekhon36,38

used a concentric nickel-plated copper ring around
the cooled surface to distinguish the dewed surface.
Wylie et al. 34 found that the dew deposit is barely
visible optically when the deposit is 3 p.g. per sq.
em. and photoelectrically at 1 per cent of the above
value. According to Brewer35, frost or dew forma­
tion at the frost or dew point should be viewed with
oblique, background illumination with a low power
optical magnification. Thornthwaite and Owen39

detected dew formation by a photocell and
Armstrong40 used a photodiode for the purpose.
Ballinger41 detected frost deposit by the energy
attenuation of alpha radiation. Martin42 used a
barrier layer photocell connected to a galvanometer
to detect dew formation. Kobayashi43 detected and
measured dew point on the basis of a sharp increase
in the ionization current (produced by alpha rays)
when dew formed on the surface.

Surfaces which are poor conductors of heat are
not good dew collectors. Dew collecting surfaces
should have negligible temperature gradient radially
across the surface and axially through the region
of temperature sensor to achieve maximum accu­
racy31. Silver, copper, etc., have good thermal
conductivity and minimum temperature gradient
and hence they are ideal for dew collection. For
fast response, the mirror size must be as small as
possible. It should retain sufficient area and
volume to avoid complication in photodetector
alignment and temperature sensor mounting. A
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0·06 in. diam. mirror has been found to be a good
compromise31. The small mirror also permits opera­
tion at very low sample flow velocities without
increasing the response time. By using a small
mirror very small volume o[ the sample suffices.
Rhodium plating gives best performance because of
its high reflectivity and excellent resistance to
corrosion. According to Martin42, for the tem­
perature of the mirror to respond rapidly to changes
in heater current, it is necessary that thermal dif­
fusivity be high. Silver being rather soft, a silver
mirror is easily damaged by repeated cleaning.
An alloy of 80 per cent silver and 20 per cent
copper is much more satisfactory. Brewer35 used
black anodized aluminium with a perfect upper
surface. Hartley et al.33 used a polished stainless
steel disc as a mirror. The surface on which dew
is deposi ted should be of metal either brightly
polished (silver, stainless steel, etc.) or with glossy
black finish (anodized or stoved enamel)37. John
and BadgleyH and John45 fixed a thermocouple in a
hole a few mm. below the end of a copper rod.
Then a plastic concentric cylinder of a few em.
length was cast at that end around the copper rod.
The end was faced until the thermocouple was just
beneath the faced surface. The surface was nickel­
plated. The concentric plastic cylinder kept the
nickel-plated surface at a uniform temperature.
According to Brewer35 and Hartley et al. 33 , a thermo­
couple just beneath the surface is probably ideaL
According to Hartley et al. 33 , a thermocouple fixed
at the surface (not beneath) will keep the contact
points at higher temperature, compared to other
parts of the surface, due to heat flow through the
thermocouple. They measured dew point over the
range -30° to +30°(. with an accuracy of
+ 0·002°(. araund 0°(. Brewer35 observed that
copper-constantan thermocouple gives high accu­
racy, long-term stability and conformance with
standard calibration curve. He measured dew point
down to -90°(. Martin42 used a platinum resis­
tance thermometer consisting of nine turns of 0·0008
in. diam. wire wound into a thread. Since the
winding is round the skirt of the thimble, it does
not acquire the temperature of the mirror surface.
But it can be calibrated to read the surface tem­
perature with a thermocouple. The output of the
resistance thermometer is measured by a Wheatstone
bridge. He measured the frost point down to
-80°e. In another apparatus, Martin46 used a
pallador thermocouple welded to the surface of the
mirror. Paine and Farrah31 measured dew point
by a copper-constantan thermocouple using 0·005
in. diam. wire within the range +50° to _65°(.,
with an accuracy of ± 0.01°(. over the entire tem­
perature range. Nathan47 used a thermistor as a
dew or frost point sensor over the range 0° to
-43°(. and obtained values with an accuracy of
± 0·7°e. Francisco and Beaubien48 used a plati­
num resistance thermometer element physically
integrated with the mirror structure to provide
linear temperature read out. They measured tem­
peratures from _20° to + 70°F. with an accuracy
of ± 0·5°F. According to Dobson and Brewer32,
even at -80°(. it is not difficult to detect the
deposit changes of the order of 10-8 g. of ice
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·corresponding to a uniform thickness of 1 atomic
diam. on the thimble. This is possible because ice
is deposited as large number of small crystals which
scatter light very efficiently. A fundamental
characteristic of the apparatus is that dew point is
independent of deposit thickness within a limited
thickness range.

Ventilation is very important in dew point mea­
surements. Brewer35 observed that dew or frost
point measurement is made more sensitive if the
surface is properly ventilated. The ventilation pro­
duced by 2-10 cm. of water pressure through an
adequate jet is usually sufficient. But the surface
should not be exposed directly to air moving at
speeds above 2-3 it per sec.37. John and Sekhon36
and J ohn45 also used ventilation for determining dew
point by means of a small fan run magnetically.

Coaling of surface to measure dew point is best
achieved by Peltier cooling40 Peltier coolers cap­
able of attaining temperature up to -100°C. have
been designed. Griffin and Stringfield49 cooled the
mirror by thermoelectric cooling. Cambridge
Systems Inc. 50 used Peltier cooling to cool rhodium­
plated mirror. Brendeng51 used cold alcohol to
cool the mirror by cooling the underside of the
mirror. Martin42 cooled the underside of frost col­
lecting surface by means of a jet of nitrogen.
Fraser and Weart52 described an apparatus for
measuring dew point between -190° and -80°C.
using evaporating liquid nitrogen as coolant.
Dobson et at. 53 used solid carbon dioxide and petrol
as coolant.

Automation has been increasingly adopted in
hygrometry. According to Brewer35, one method of
operation involves the continuous cooling of the
deposition surface. In the absence of a deposit the
temperature of the surface lowers until a dew or
frost deposit is formed. This is detected photo­
electrically by means of a suitable servo amplifier.
Then the servo-mechanism supplies heat to the sur­
face to control the deposit on the mirror at a con­
stant level. Alternatively, if no dew is present on
the mirror the servo-mechanism may produce cool­
ing in the Peltier element. This cooling is switched
off or controlled when the deposit reaches the
required value. In this case Peltier cooling balances
natural heating. Thus the surface can be held at
the dew point. Most mechanical servos are
inherently oscillatory. In mechanical servo, stabi­
lity is provided either by friction or by phase
advance networks. Thornthwaite and Owen39
designed one of the first automatic dew point
apparatuses in which the cooling surface is the end
·of a copper rod immersed partially in a freezing
solution in a Dewar flask. As soon as dew is formed
on the surface it is detected by a photocell and
a small heating element placed just beneath the
polished surface is switched on; when the dew
disappears, the photocell switches off the heater.
The thermocouple attached to the plate measures
the temperature or it can be arranged for recording
the output. A fundamentally similar apparatus
designed by Burton Manufacturing CO. 54 consists
of a polished mirror and an associated electronic
servo loop to maintain the mirror at dew point.
Cambridge Systems Inc.50 used scattering type

optical system to sense the dew and control the
temperature of the mirror. Armstrong40 detected
dew formation by means of a photodiode. When
condensation takes place, the light is diffused and
less light impinges on the diode. The amplifier,
operating as a proportional control, reduces the
current to the thermoelement of the cooler and
hence the surface temperature tends to rise. The
condensate disappears, impinging more light on
the diode. Thus the dew point can be determined
keeping the temperature constant. Ballinger41
detected frost deposit by the energy attenuation
of alpha radiation. An automatic control maintains
a constant mass deposit of frost on the cooler
surface b,· means of a thermoelectric cooler.
Energy attenuation of alpha particles is same if
equal mass deposits of water or any of the crystal­
line form of ice and the sensitivity remains constant
irrespective of the state of water. The instrument
responds to a 1 (J.g./sq. cm. change in frost layer
thickness. Nathan47 used photoelectric balancing
to control r.f. induction heating of the mirrer and
dry ice cooling to maintain frost point. The deposit
of dew was observed by Brendeng51 by a photo­
resistor connected in a bridge, the output from
which is fed to a servo amplifier with a servo-motor
and a motor-operated air pressure valve. The
air pressure is recorded by means of a strain
gauge pressure transducer and stripchart recorder.
Francisco and Beaubien48 designed an automatic dew
point hygrometer based on thermoelectric cooling.

Radiation Manometers
Radiation manometers (a misnomer) work on the

principle that radiation is reduced to the minimum
in comparison to the conduction of heat. Conduc­
tion depends on mean free path, which in turn is
inversely proportional to vapour pressure. When
the distance between the hot and cold surfaces is
less than the mean free path of the molecules the
loss of energy due to heat conductivity at low pres­
sure depends linearly on the gas pressure. When
the heat supplied to the heated wire is kept con­
stant, the temperature of the wire will change with
pressure of the surrounding gas. The temperature
of the wire is measured by a thermocouple, resis­
tance thermometer, or from the expansion of the
wire. Barrows and Howard" measured the tem­
perature and vapour pressure in diffusion cloud
chambers by means of a platinum resistance wire
in which current was varied. This enabled the
calculation of supersaturation in the chamber. In
the Pirani manometer56, current is kept constant
and the change in resistance is measured. The
wire is heated to any temperature in the range
100-200°C. and a milliammeter is placed across
the Wheatstone bridge which in turn measures the
temperature of the wire. Nesmeyanov2 described a
bimetallic strip through which current is passed.
The bimetallic strip terminates in an indicator which
moves along a scale. For current of given voltage the
deflection of the indicator is a function of gas pressure.

Heat of Adsorption Manometers
Heat of adsorption depends on the relative pres­

sure of the vapour. This being exothermic, at
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higher relative pressure, more heat will be evolved
by a very dry adsorbent leading to rise in tem­
perature, which can be used as a measure of the
relative pressure. Downes and Nordon·7 designed
an ultra dry bulb hygrometer using the above
principle. Flumerfelt·8 also measured water vapour
concentration from heat of adsorption by an adsor­
bent. Gregory and Rourke1 described a thermal
hygrometer based on the principle that adsorption
or desorption of moisture from CGtton wool is
accompanied by a rise or fall in temperature of the
adsorbing material. The change in temperature
measured by a thermoelectric circuit is used to
determine the environmental humidity.

Viscosity and Diffusion Manometers
Diffusion velocities of different gases through a

porous solid are of different magnitude. This
principle is made use of in the manometers intro­
duced by Greinacher58'. The rate of damping of a
vibrating quartz fibre leaf depends on the pressure
when it is of the order of 10-2 to 10-· mm. Hg.
Hence this property is used to measure pressure in
this range. Morecroff.9 determined the vapour
pressure of high boiling point liquids by measuring
the recoil force produced by its vapour effusing
through a small hole into a high vacuum. He was
able to measure vapour pressures of the range
10-5 to 10-1 mm. Hg. Silva ct al. 60 described an
inverted capillary technique of measuring normal
boiling points which has been modified for measur­
ing saturated vapour pressure up to 135 atm. and
up to 1000°C.

Electric Hygrometers
The measurement of the true electrolytic resis­

tance of a hygroscopic solution in an equivalent cell
contained between two plain parallel platinum
electrodes as a function of relative humidity and
temperature forms a system which is a true electro­
lytic hygrometer. In this, the cell solution is in
equilibrium with the external relative humidity. Steps
are taken to overcome the effects due to polarization.

Out of a number of hygroscopic salts, lithium
chloride is the one most commonly used. Accord­
ing to Smith and Hoeflich6!, lithium chloride
element has a number of disadvantages, such as
pOlarization, slow response to humidity changes,
large temperature coefficients, film wash out due to
heavy fog, etc. Fukuda62 used this type of hygro­
meter to measure relative humidity of soil air in
situ. Dunmore63 was one of the first to. make a
lithium chloride hygrometer. He used tin-coated
copper as the electrode and later used palladium.
Mathews64 observed that partially hydrolysed poly­
vinyl acetate could release charged gas bubbles from
electrodes due to its detergent activity. He also
found that by moving the electrodes apart, the
resistance-relative humidity curve was flattened.
The slope of the resistance-relative humidity curve
varied with the metal used as electrodes. Tin
polarized less with lithium chloride solution than
many other metals induding gold. Mathews6S found
that ventilation, thinning of lithium chloride solu­
tion and addition of aluminium chloride improved
the performance of the hygrometer. He controlled
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polarization by using a.c. measuring circuits.
According to Kobayashi and Toyama66, the physical
and chemical changes in electrodes and moisture
sensitive film are the main cause of the ageing
effect. A small amount of gelatine added to lithium
chloride-polyvinyl alcohol solution improved the
performance of humidity sensing elements.
Handegord and Till67 used Dunmore type hygro­
meter to measure humidity at low temperature.
Rogers68 made a very small sized Dunmore type
hygrometer to measure relative humidity just
below the leaf surface with an accuracy of I per
cent or better. Heated lithium chloride electric
hygrometers were used by Hedlin and Trofimenkoff69.
Szalai70 designed a lithium chloride impregnated
ceramic tube hygrometer with a thin wall to
measure relative humidity in the temperature range
0° to -30°(. It can be used to measure the en­
vironmental relative humidity of food preserving
chambers. Brastad and Borchardt 71 designed a
miniature Dunmore type hygrometer fitting inside
the end of a hypodermic needle. Relative humi­
dities associated with surfaces as small as 0·001 sq.
in. have been measured.

Johnson and Duggan72 constructed a cerium tita­
nate type humidity transducer. The temperature
effect in this apparatus is small and the response of
the element shows exponential relationship with
relative humidity. J ones73 tried to measure relative
humidity from the change in the resistance of the
lead iodide film. He also used a thin film of barium
fluoride deposited on a glass substrate as the humi­
dity sensing element. The electrical impedance of
the element varies about three orders of magnitude
with relative humidity in the range 20-100 per
cent. Hysteresis effects are negligible. Musa and
Schnable74 made sensing element by spraying a
suspension of crosslinked polystyrene suIphonic acid
particles on to a polystyrene cell having two elec­
trodes. Variation in the resistance of the element
with relative humidity is the result of change in
ionic conductivity of the hydrophylic film with
properties similar to those of ion exchange resins.
Wylie7• designed an absolute hygrometer of high
accuracy based on measurement of the resistance
of an ionic crystal of calcium chloride. The useful
range of the hygrometer is continuous down to
_55°C. with an accuracy of 0·1 per cent relative
humidity. King76 designed a piezoelectric sorption
hygrometer in which the sensing element is a radio
frequency quartz crystal coated with a hygroscopic
material. In a simple circuit using a crystal of this
type the frequency of oscillation falls when the
crystal gains weight due to the adsorption of water.
The change in frequency, which is a function of rela­
tivehumidity, can be measured accurately and rapidly.

In another type of electric hygrometer, carbon
film elements are used in which the resistance of
the element varies with change in the volume of
the film and thus indicates humidity changes. The
resistance increases with increase in humiditv; this
is reverse of what happens in the electrolytk film
element. The time lag and temperature coefficients
for the carbon film element are less than those of
an electrolytic film element. The carbon humidity
element used by Stine" consists of a flat acrylic
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-strip with long edges coated with a gelatinous
-cellulose coating containing finely divided carbon
particles in suspension. Smith and Hoeflich8! de­
signed a carbon film electric hygrometer in which,
instead of relying upon the change in electronic
conductivity through a film of electrolyte, the new
element responds to the changing resistance of a
thin film of electronically conducting material.

Electrolytic Hy~rometers

The electrolysis of adsorbed water in phosphorus
pentoxide due to a constant applied voltage makes
the electrolytic current of the system exactly pro­
portional to the amount of water adsorbed. This
principle is made use of in the construction of
-electrolytic hygrometers. The choice of electrodes
is to be such that the anode does not get dissolved
in the electrolyte due to the electroplating effect.
The hygrometer unit utilizes a phosphorus pento­
xide electrolysing cell in series with a battery which
allows the flow of current proportional to the rate
of absorption of water vapour. The electrolytic
moisture cell differs from the electric hygrometer in
that the conducting film is electrolysed continuously
by an applied d.c. voltage and the cell current
rather than the cell resistance is measured as a
function of the moisture content's. To get better
-distribution of moisture over the electrodes at high
humidity levels, Czuha18 isolated the platinum
electrode from the atmosphere by a teflon porous
hydrophobic diffusion barrier. In these cells, the
control of mass rate of water is required and has
to be kept in the range 5-10 ml. per minute. Jones
and Petersen19 developed an electrolytic cell using
rhodium electrodes instead of platinum with service
life 4-6 times longer compared to the cell with
platinum electrodes. This is due to low catalytic
activity of rhodium compared to that of platinum.
The two main defects of a cell with platinum elec­
trodes are the high moisture levels and the hydro­
gen combination. The first is due to shorting of
the electrodes, characterized by the formation of a
black deposit between the electrodes. The second
is due to the reaction of the electrolytically gene­
rated oxygen with hydrogen to form additional
water. This reaction is catalysed by the platinum
of the electrodes. MacCready and Lake80 have
listed eight main features of such cells. According
to them the phosphorus pentoxide moisture sensor
is a chemical moisture trap and it maintains a very
low water vapour pressure and equilibrates quite
rapidly. Their electrolytic cell had two platinum
electrodes wound as very tight double helix on the
inside of a glass tube. The electrolyte, phosphorus
pentoxide, is introduced as a 10 per cent solution in
acetone. The cell calibration is 93·5 !!g. of water
corresponding to 1 coulomb of charge passed
through the cell. Crawshaw and DavidsonS! de­
scribed an electrolytic hygrometer for measuring
the moisture content of gases down to a few p.p.m.
The hygrometer records the water content of suit­
able gases continuously.

Gregory and Rourke! observed that the electro­
lytic hygrometer is extremely sensitive to changes
in relative humidity. The effect of lag in a properly
designed instrument is almost negligible. Morris

and Sobels2 gave a simplified theory on the speed
of response of the electrolytic hygrometers. They
suggested some methods for obtaining maximum
speed of response. Goldsmith and Cox82 used an
improved type of electrolytic hygrometer with
electrolytic surface having phosphorous pentoxide­
phosphoric acid film. The hygrometer operates
over the range 0·5-5000 p.p.m. -of water vapour
and the response is between 5 and 15 sec. A
pressurizable version of Goldsmith-Cox hygrometer
has been used to measure water vapour as low as
0·01 p.p.m. by volume at higher working pressures84.

Capacitance Hy~rometers

The capacity of a condenser changes with density
of the medium acting as the dielectric. Hence this
property is used to measure water vapour pressure
in gases used as dielectrics. Underwood and
Houslip85 used a capacitance hygrometer to measure
vapour pressure in a small enclosed space. The
response of the hygrometer, which is satisfactory,
depends upon the frequency of the applied potential
difference up to 80 per cent relative humidity.
Nelson and Amdur86 designed a relative humidity
sensor based on the capacitance variation of a
plastic film condenser. Charlsons1 measured rela­
tive humidity by noting the change in dielectric
constant of a mixture of a hygroscopic liquid and an
inert solid in the path of the gas flow. Utterback
and Griffiths88 designed a reliable submicron pres­
sure reading capacitance manometer. The capa­
citance manometer consists of a metallic diaphragm
separating two chambers, the measurement side
and the reference side. A pressure difference be­
tween the chambers moves the diaphragm and an
electrode on one side, while decreasing the capa­
citance on the other side. This principle is used
to measure pressure of He, Ne, Ar, Kr, etc., in the
pressure range 1()-4 to 10-3 Torr.

The change in capacitance of anodized pure alu­
minium layer due to sorption of moisture from air
has been used to determine the relative humidity.
Aluminium may be in the form of a small rod
n in. diam. and t in. length) or plate. Anodiza­
ti~n forms, .on the surface, a layer of about 25 !!
thickness With a number of pores of diameter of
the order of 500 A. The outer surface is coated
with colloidal graphite particles so as to act as an
e~ectrode. Jasons• discussed the origin, construc­
tion, theory, properties and application of this type
of hygrometer. This type of apparatus makes it
possible to investigate the microclimate and to
make humidity measurements for inaccessible loca­
tions. According to Miyata and Watari90, the
porous anodized film acts as a dielectric and is apt
to adsorb moisture from the ambient atmosphere.
Ansbacher and Jason91 discussed the effects of
water vapour on the electrical properties of anodized
aluminium. Cutting et al.n measured vapour pres­
sure by noting changes in electrical properties of
anodized aluminium oxide layer. The calibration is
independent of temperature (0-80°C.) and air speed.

Spectroscopic Hy~rometers

Infrared and ultraviolet radiation of certain wave­
lengths are attenuated proportional to water vapour
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preoent in the atmosphere. This property is used
to determine relative humidity or moisture in any
ambient atmosphere. Foster et al. 93 compared the
intensity of radiation in a selected region of absorp­
tion with that of another radiation having no
absorption. Randall et al. 94 used a hydrcgen lamp
to produce a radiation of 1215·6 A. through a lithium
chloride window. The radiation passes across a
measuring path and through another lithium chlo­
ride window into a nitric oxide gas detector tube.
Photo-ionization by this radiation causes a current
to flow in the metering circuit associated with nitric
oxide gas tube and this current is a function of
water vapour density in the measuring path. Tank
and Wergin95 used a temperature compensated lead
sulphide cell detector to sense the intensity. Silicon
cells are also used as radiation detectors. The
apparatus used by Tank and Wergin95 has an
accuracy of 0·5 per cent of the total humidity.
Staats et al. 96 measured absolute humidity by
measuring the absorption effected in the 1·37 fl.
water vapour absorption band. Wood9' designed
an infrared hygrometer which utilizes a light beam
as the principal sensing clement. It is composed
of two narrow bands of infrared radiation. One
band, centred near the wavelength 2·60 fl., is
subjected to attenuation by water vapour, but the
other, located near 2·45 IL, is not. Thus the ratio
of transmitted band energies is sensitive to water
vapour concentration variation.

Microwave Hygrometer

The refractive index of a medium changes with
the density of the medium. The index can be
measured by means of microwave. Sargent98 de­
signed a recording microwave hygrometer to mea­
sure vapour concentration. The difference between
the refractive indices of dry and humid air is deter­
mined and converted into concentration of vapour.
The sensitivity of the hygrometer is 0·004 mm.
Hg up to 71·3 mm. Hg pressure in moving air
stream. Magn and Crain99 developed another re­
cording microwave hygrometer, which involves the
measurement of the contribution of water vapour
to the refractive index of atmospheric air by a
cavity resonator.

Sivadjian lOO designed a hygrophotographic hygro­
meter based on the sensitivity of a photochemical
reaction accompanied by change of colouration
which disappears instantaneously under the action
of a small quantity of water or humidity. The
hygrometer is particularly suitable for determining
foliage transpiration, soil humidity, perspiration
from skin, etc.

Summary

Recent advances in the measurement and control
of vapour pressure of water and other liquids are
reviewed. The principles, modes of working and
special features of various types of instruments
developed - psychrometers, dew point hygrometers,
radiation manometers, heat of adsorption mano­
meters, viscosity and diffusion manometers, electric
hygrometers, electrolytic hygrometers, capacitance
hygrometers, spectroscopic hygrometers, and micro­
wave hygrometers - are discussed.
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Rauwolfia Alkaloids in Retrospect*
S. C. P;\KRASHI & BASUDEV ACH!\IU

Indian Institute 01 Experimental Medicine, Calcutta 32

THE genus Rauwolfia belonging to the sub­
family Plumeroideae is an important member
of the family Apocynaceae. It was so named

in 1703 by Plumier1, the pioneer Carribean botanist,
after Leonhart Rauwolf (Leonardus Rauvolfius), a
sixteenth ce:ltury German botanist and physician.
Although the correct name should have been
Raullolfia according to the International Code of
Botanical Nomenclature, the popularity of the
name Rauwolfia is too great to be corrected at this
stage.

A comprehensive list of about 150 species of
Rauwolfia with their habitat collected from the
supplements of Index Kewensis has alrpady been
recorded in two earlier reviews2,3 on the subject.
However, in an excellent treatise, Woodson et al. 4

listed about 86 distinctly recognizable species of
Rauwolfia growing in almost all the tropical and
subtropical regions of the globe. The height varies
from six inches of a rhizomatous sub-shrub of
Rhodesia, viz. R. nana, to over a hundred feet tall
tree, namely R. praecox, of Peru.

The use of the root preparations of R. serpentina
was known from very ancient times as a remedy
for snake-bite, insanity, etc. The old practice of
putting children to sleep or keeping them quiet
with this drug evidently shows the early knowledge
of a section of Indian people about its hypnotic
property. No serious pharmacological or chemical
investigation of this' insanity root', as it commonly
became known in Europe in the sixteenth century
for its reported use against mental disorder, was,
however, attempted till 1930. Siddiqui and Siddi­
qui. appear to be the first to examine the roots of
R. serpentina Benth. chemically in 1931. It is
interesting to note here that ajmaline (neo­
ajmaline)5-7, ajmalinine, ajmalicine6 and isoajma­
line8 were named after Hakim Ajmal Khan, the
founder of the Research Institute, A.U. Tibbi
College, Delhi. The remarkable researches initiated
by Chopra and his collaborators during 1933-43 on
the pharmacological basis of the hypotensive and
sedative activities of the root alkaloids of R. serpen­
tina have been ably summarized by Werner et a/.3.

When Siddiqui isolated those alkaloids from
R. serpentina or when Chatterjee (nee Mookerjee)
isolated> rauwolscine (<X-yohimbine10) from R. cane­
scens, they hardly could imagine that these two
low shrubs growing wildly in India would attain
such a stature and stir the whole medical and
chemical professions that they did with the isola­
tion of reserpine, the highly potent hypotensive and
tranquillizing agent, by Mueller et al. ll . The tre­
mendous enthusiasm aroused by this discovery
resulted in the investigations of about 50 species of
Rauwolfia yielding more than equal number of

'This article is also being published in Russian in
Farmazia, (Nos. 3-5), (1968).
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alkaloids. Only three' species, namely R. serpentina
and R. canescens of Indian origin and R. l'omitoria
of Central Africa (Congo), are, however, important
commercially. Ag-ain, the reserpine content of
R. vomitoria is twice as much as that of R. serpentina
and is considered to be the richest source of thi"
drug known so far. Although the glamour of this
field waned considerably with the brilliant smthesis
of reserpine by Woodward and his collaboratorsl2 ,

interest in the field still continues. Modification of
the reserpine structure with a view to separating
its principal pharmacological properties, namely
the hypotensive and tranquillizing effects, or to
avoid the undesirable side effects have been sought
and to some extent achieved13. A voluminous
literature thus accumulated, necessitating a number
of unusually frequent reviews2- 4,13-21 on the subject.
I n the prespnt article, therefore, it is intpnded to
deal with the general physico-chemical charactpr­
istics, the important structural features and the
general approach to their l'1ucidation, stereo­
chemistry and biogenesis of Rauwolfia alkaloids
rather than to detail the investigations 011 any of
the individual alkaloid. The literature coverage in
this review is essentially complete through 1966.

Classification

Alkaloids (I-XIX) with five types of basic chromo­
phoric systems, viz. (i) indole (including extended con­
jugation in case of an hydronium bases), (ii) indoline,
(iii) indolenine, (iv) oxindole, and (v) '1'-indoxy),
have been isolated from the Rauwolfia species
exmined so far. The previous classifications3,4.17

based on different chromophoric systems had to be
modified '8- 20 because of the occurrence of alkaloids
of ajmaline-like caged-ring structures embodying
all but oxindole and 'Y-indoxyl chromophorps.

We have sought to classify Cfable 1) the known
Rauwolfia alkaloids broadly according to the chromo­
phoric systems and to subdivide them under their
gross skeletal structures. The s\"l1onyms of both
the alkaloids and species have deliberately been
excluded to avoid further confusion in the literature
although the relevant references are recorded against
the accepted nomenclatures. It is also worth while
to consult other monographs20,1I6.

Reserpine is the most widespread Rauwolfia
alkaloid found in all but the species R. beddomei,
R. degeneri, R. Jruticosa, R. mauiensis, R. semper­
fl~retls and R. verticillata. Rescinnamine and reser­
piline, the next abundant alkaloids, are found
mostly to occur with reserpine. Their common
sources are: R. bahimsis, R. caJlra.. R. cubana20•4.,

R. densiflora70 , R. grandiflora, R. lamarcllii, R. lit­
toralis2o ,45, R. lingustrina2o,29,4., R. mumbasiana,
R. nitida, R. paraensis, R. pentaphylla, R. saliclfolia,
R. sprucei20 ,4., R. serpentina64 , 114, R. sumatrana20 ,45

and R. vomitoria35,llS Their sources other than
these are enlisted in Table 1.
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III

",

Serpentlnin. CHJ

*TMB=3.4,5-trimethoxy benzoyl
tStercochemistry is not implied
:TMC=3,4.5-trimethoxy cinnamoyl

a. Raunescine, R,=R,=Il; R,=TMB*
b. Isoraunescine, HI =R 3 =H;

R,=T1.1B
c, Deserpidine, (a) but R, =CH,
d, Reserpic acid methyl ester,

R,=OCH,; R,=CH,; R,=H
e,Ijo-Reserpine. R,=OCH.; R,=H;

R,=TMB
f, Iso-Ijo-reserpinet, R,=T~lB;

R,=H; R,=OCH,
"2 1;. Reserpine, (e) except H,=CH,

h, Isoreserpine, Ig) except C,-H =«
i, Raugustine. (d) but R, = TMB
i. Rescidine, Ie) except R, = TMq
k, Rescinnamine, (j) except R,=CH,
I, Renoxydine, Rcscrpine-Nb-oxide

, I

V ' 0
,H3c6oc16~

(R,=CH,]

",

o.
(R=H. R,=COOCH,. R.=OH;

a, «-Yohimbine, RI=R,=H;
R. R.=«; R.=~

b. 3-epi-«-Yohimbine, la) but R=~
c. Seredine. la) with RI=R,=OCH,

a, Ajmalicinc, R=R,=H; R,=~
0, Tetraphylline, R=H; R I =OCH,;

Rs=a.
c, Raumitorine. R=OCH.; R,=H;
R,=~

d, Rauvanine. R=R, =OCH,; R,=~

OTMOIV

VI

(R,=H. R,=CH,]

,,
a, Dcserpideinc. R=H OC"J

b. Raujemidille. R=OCH,

a. Yohimbine, R. RI• R,=«
b. ~-Yohimbine. (a) but R.=~
c, <i--Yohimbine. (a) but R=~
d, Cary"anthi"e. (a) but R, = ~

a. Tetrahydroa!stonine. R=RI=H;
R,. H,=«

b, Rauniticinc. R~Rl=H; R,=«;
R,=~

c. Reserpillinc. la) hut R , =OCH,
d, lsoreserpili,ne, R=H; R,=OCH,;

R".p; R,=«
e, Raunitidine, Ib) but R I =01.1e
f, Aricine, R=OCH,; R,=H;

R,. R,=~
g, Reserpiline. Id) but R=OCH,
h. Isor"scrpiline. (a) but R=R,=OCH,

",
(R=H. R,=COOCH" R,=OH]

Ultraviolet Spectra

Sangster and StuarP17 have recently reviewed
the UV spectra of alkaloids including indole deriva­
tives. Thev have shown that unsubstituted indole
alkaloids generally show two distinct peaks, one at
226-228 mf' and the other at 280-292 mf'. Substitu­
tion in the aromatic rin~ affects the UV spectra.
usually leading to a bathochromic shift of the lon~

wavelength maximum depending on the number of
substituents. For exampk, the maximum at 291 mf'
in tetrahydroalstonine (VIa) and ajmalicine (Va)
is shifted to 296 mf' in the corresponding ClI'

methoxylated compounds, viz_ reserpinine (VIc)
and tetraphylline (Vb) and to 304 mf' in IO,II-di­
methoxylated compound, e.g. isoreserpiline (VIh)_
In reserpine and its analogues. however, a composite
spectrum of indole and trimethoxybenzoic acid
chromophores is observed. Deserpidine (I1Ic), for
instance. absorbs at 216. 271 and 289 mf' while

substitution of ring A affects the longer wavelength
maximum in the same way. Introduction of
an unconjugated double bond in this system as in
19-dehydro compounds does not influence the
absorption maxima.

The salts of anhydronium bases embodying in
fact a ~-carbolinium chromophore exhibit three dis­
tinct peaks approximately at 252, 308 and 370 mf'.
A large bathochromic shift of the maxima, parti­
cularly of the one in the longer wavelength region.
has been noted in the corresponding bases. A
strong absorption at around 250 mf' characterizes the
presence of a CHpOC-C = C-O- chromophoric
system in these and other heteroyohimbine bases.
For the combination of indole and ~-carbolinium

chromophores in serpentinine (IX), the characteristic
peaks for both the systems appear at 227, 257, 281.
294, 308 and 373 mf'. It is remarkable that on the
basis of these UV data Djerassi et al.·ocould foresee
the possibility of such a structure for this alkaloid.
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OH

XIX
Rauvoxine

[R=H]

a Carapanaubinc, R=Cl
b: Rauvoxinine, R=~

XVI eHO

Perakine

XII
Picrinine M

•

/CH=CH.
Neosarpagine, R=,

"''''H
Sarpagine, R=CH-CH•

HO

R,=R,=H: R,=CH-CH,
g, Mauiensine, C" epimer of (f)
h, Rauvomitine, TMB ester of (f)
i, Mitoridine, R =0; R,= OH;

R,=H: R.=CH-CH,
j, Purpeline, (iJ but R, = OCH,
k, Sercdamine, (tJ but R1= OCH.

,C,H,

b, Isoajmaline; <aJ but R.=(

H
/OH

c, Sandwicine, <aJ but R= \.

H

d, Ajmalidine, <aJ but R= O. .
e, Vomalidine, Cll,OCH. denvabye

of (d) OH

f, TetraphyUicine, R=(,
"H

The indoline alkaloids are characterized by
distinct bands at around 250 ±2 and 290 ±5 mil­
which remain unaffected by acid treatment.
Though substitution on the aromatic ring is ex­
pected to affect the UV spectrurn1l8,ll9, vomalidine
(Xle), the only such compound known to occur in
Rauwolfia species, does not showllO any appreciable
shift· (Am.x. 253, 292 mll-)' Vomilenine (XVII), the
indolenine derivative, exhibits two maxima at 218
and 257 mil-, typical of this chromophoric system.

The known oxindole alkaloids from Rauwolfia are
disubstituted in the aromatic ring. They showllO
two common peaks of almost equal intensity at
213-215 and 296-300 mil-, The position and the
intensity of the third peak distinctly vary with the
stereochemistry at the C3 centre. A maximum

observed at 244 mil- (. = 11,950) for compounds
having IX-oriented C3-H is shifted to 275 mil­
(. ,...., 6000) in their C3-epimers. Isoreserpiline­
'Y-indoxyl (XV)??, the only of its kind encountered
in this genus, exhibits peaks at 251, 283 and 405
mil- though the 'Y-indoxyls are expected to absorb120

at 235 and 400 mil-'

Infrared Spectra
An excellent compilationllo of the IR spectra of

the Rauwolfia alkaloids along with the UV and
X-ray powder data is available. Neuss and Boaz121

first attempted with remarkable success the correla­
tion of the IR spectra particularly of the hetero­
yohimbine bases with their stereochemistry. It
was at least possible to relate the stereochemistry of
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Source

see text
canescens 53 , grandiftora-l8, lingl~trina!l,

mattfeldiana", tetraphjlla"

canescens3'. telraphylla40

amsoniaejalia211 , canescens22.23.41-U. cubana,
grandiflora, javanica20 .U , lingustrina20 ,U,4.fi ,

littoralis. salicifolia, sprucei, tetraphylla'·· ..
li1lgustrinaU
canesce'lls", lingustrina21
lingustrinali

grandiflora", lingustrina"''', mattfeldiana"
canescens41 , grandijlora48 , lingustrina28,l1I8,

letraphylla"
canescens50, lingustrina2t, serpentina,
vomUo1'ia 50

vamitoriaS!
amsoniaejolia25 , caffra, obscura2o ,45
amson'iaejoliaU, serpentina62

_120

(a) Yohimbine type
+570 (Ethanol) caneseens"
_85 0 (Pyridine) canescensu , serpcntinaU

_1 0 vomitoriaU

+101 0 (Pyridine) amsoniaejolia2e , canescens17. !ruticosaU,
li1JgustriJJau , serpentina30,52, sumalrana31,
te.traphyllaU , vomitoria33

canescens', Jingustrina2e• serpe-ntinaSC ,

sumatrana31, tetraphylla35,3I, vomitoria 33

- 540 (Pyridine) canescens"
- 93° serpentinaU •38

238-9

246-9
125-8
181-3
222-3
268 + 270 (Pyridine)

18-Hydroxy-yohimbine type

228-32 - 1370

C21H2fN'zOs

C21H2SNtO,
C21H"N,O,

C21H2INa03
(b)

C"H"N,O.

TABLE 1 - ALKALOIDS OF Rauwolfia SPECIES

Mol. m.p. [otl~
formula aG.

INDOLE ALKALOIDS:

C"H"N,O, 228-9
C21 H"N,O, 231-2
C"H,.N,O, 291
C21H"N,O, 234-6

10 Isopseudoreserpine (UIl) Cu H38N aO,
It Isoraunescine ([lIb) C21H"N,O. 241-2 _70 0

12 Isoreserpine (1IIh) 'C"H..N,O. 152-6 -1640

13 Raugustine (I IIi) C"H"N,O. 160-70 _500

14 Rauneseine (UIa) C3IH3eN.08 160-70 _740

15 Renoxidine (IIlI) C33H,oN2010 238-41 _1000

16 Resddine (lIIj) C3"H,IoNzO. 183-6 _63 0

17 Reseinnamine (IIlk) C"H"N,O. 237-8 _97 0

18 Reserpie acid methyl ester C"H,.N,O, 244-5 -99'
(lIId)

19 Reserpine (lUg) C"H••N,O. 264-5 _117'
20 \j"-Rescrpine (Ille) CU H38N,O. 257-8 _65'

SI Name
No.

1 Canembine (?It
2 Corynanthine (Id)
3 Seredine (lIe)
4 Yohimbine (Ia)

5 ot-Yohimbine (II a)

6 ~-Yohimbine (Ib)
7 3-epi-ot-yohimbine (lIb)

8 'i'-Yohimbine (Ie)

9 Descrpidine (IIIe)

24 Aridne (VIf) C"H"N,O. 190 - 59' (Ethanol)

25 lsorescrpiline (VIh) C"H"N,O, 2t1-2 - 820 (Pyridine)

26 lsorescrpinine (Vld) C2ZH2IN1O. 225-6 -180

27 Raunitieine (Vlb) C21H24N:a03 233-5 _38'
28 Raunitidine (VIe) C2lH2l1N20C 276-8 -70'
29 Raumitorine (Ve) CUH2l1NI04 138 +600

30 Rauvanine (Vd) C"H"N,O, 129-35 +320

31 Reserpiline (VIgH C"H"N,O. -12'

32 Reserpinine (Vic) C"H"N,O. 243-4 -131'

33 Tetrahydroalstonine (VIa) C21H"N,O, 228-30 -102'
34 Tetraphylline (Vb) C"H"N,O. 220-3 -78'

(e) Anhydronium type
35 Alstonine (VII) CuH"N,O, 300
36 Serpentine (VIII) CuH,.N,O, 158 + 292' (Methanol)

37 Serpentinine (IXH C"H..N.O. 265-6 +t17°

amsoniaefoUa211 beddcmei5' caffra20 ,u
canescens23 ,57.'fruticosa31, grandiftora~O,C5,
java·nica58, l-i1lgustrit:a2t, micrantha59 ,

nitidalO , penlaphylla, rosea, sa·ndwicensis20 ,Ui,
sellowii61 , serpentina6 ,27,IIZ-IIC, sumatranaU,
verticil/alau,1I

ams011iaefolia2ll , canescensll7, lingustrina!l,
,,,itida", schueli", sellowij,ll, sumatrana31,
tetraphylla"

cambodiana". canescens", densijlora'iO,
lamarckii20 .U , lingustfina2', nitida80 ,

perakensis71 , salicifolia20,C5, schuelil8 ,

spf'ltcei2o .ca, tetraphyllaU, vomit01'ia72
canescens61 , UngustTina2', nitidallO

nitida'O
nitida60
vomitoria26
vomitoria73

canescens87 , discolor7c , grandiftora,
mattleldiana's, micranthaU,75, rosea,
sandwicensis20.u , schueli6a •1l

canescensfi7 , densiftora70,76, discolor",
grandiflora. lamarckii. lingustrinatO.t5,
nilida60, pentaphylla..·..,
serpentina27 ,52,U,6f,78. tefraphylla'Jo.t6

lingustrina29, sellowiill1
discolor", nitidato,u, sandwicensis18.

tetraphylla"

(c) 19-Dehydro-18-hydroxy-yohimbine type

C"H"N,O. 149-52 - 1330 (Pyridine) nitida"
C"H"N,O. 144-50 -880 caneseens"

(d) Heteroyohimbine type
253-4 -620CuH"N,O,

abscuraBO, tetraphylla36, vomiloriaBo
beddomeill , canescens17, fruticosa28, javanicaM,

/ingustrina2l. miCt'antha59, sellowiilll ,81,
.sf.rpentinal, sunt.atrana31, tetraphyllaSJ ,83

Javanica 61, lingustrina28 , mauiensis",
sandwieensis", serpentina', tetraphylla",
vOtm'toriaU

23 Ajmalieine (Va)

21 Deserpideine (IVa)
22 Raujemidine (IVb)
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TABLE 1 - ALKALOIUS OF Rauwolfia SPECIES - Contd

SI
No.

Name Mol.
formula

m.p.0c. [oc]~ Source

38 Neosarpagine (Xa)
39 Sarpagine (Xb)

(f) Sarpagine type

390
350 + 53° (Pyridine)

micrantha85
beddomei5', canl'scen$:!.:1 I densffiora10.78.

javanica58 , tillgustri llu :l. i ,32, micran/hau ,
perakensis11 , serpenlina81 ,88 • sumatranaU ,

te/t'ap/z)'lIa32•3'. vomiloria
'

'1.

INDOLINE ALKALOIDS: Ajmaline type

42 Mauiensine (XIg) C20H"N,O 240-2 + 184' (Methanol)
43 Isoajmaline (Xlb) CozoHuNoz02 264-6 +72°
44 Mitoridine (Xli) C20H"N,n, 322 + 175' (Pyridine)
45 Pic:inine (XII) C20H"N,O, 216
46 Purpeline (Xli) C21H24N202 155 +333'
47 Rauvomitine (XIii) C30H34N2()$ 115-17 -173'
48 Rauwolfinine (XIII) C2oH2,N202 235-6 -35' (Ethanol)
49 Sandwicine (XJc) C20H"N,O, +180°
50 Seredamine (XIk) C"H"N,O, 297 +60"
51 Tetraphyllieine (XU) C2oH24N202 320-2 +61'

52 Vincamajine (XIV) C"H"N,O, 225 - 55' (Ethanol)
53 Vomalidinc (Xle) C21 H"N,O, 242-3 +318'

'1'·]NDOXYL ALKALOID

54 Isorcserpiline-'Y-indoxyl C"H..N,O, 252-4 -254'
(XV)

INDOLENINE ALKALOIDS

40 Ajmalidine (XId)
41 Ajmaline (Xla)

241-2
158-60 + 141'

mauiell:o:i.,'O, :wlfowii'l
caffra91,'rI2, canescel1s2:1, densiflora13 ,

fru!icosa 31 , .iavanica,~8. lingltstrina2l ,32,

micranllza. mombasianatl , llanai4 , obscuraU ,

perakensis7l • sandWI:censis18 , schueU'8,1I,
sellowii81 , serpultina5, sumatralla31 ,

'i1oll1itoriaU, verticilla/a i '

mauiCIl,sis18

serpe'lltinaS, pomi/orias"
vomitoyiaU
vomi/oria97

vomi/oria'"
vomitoria98

pera,kellsis93• serpe-n/inail

mauiensi'i. scwdwicell,'iis78
vomitoria96

nuwiensis18 , ohscurai5, sawlwicensis78 ,
sellowii'i, serpeutilla100, letraphylla7t

mmlii10l

VOJm"/ol'ia t02

55 Perakine (XVl)§
56 Vomilcnine (XVlJ)

183
207

+112'
-7r (Pyridine)

ca!fra101 , peralteusis71 • vomi/OYlal05

vornitoria lO"

OXISDOLE ALKALOIDS

57 Carapanaubine (XVUIa)
58 Rauvoxine (XIX)
59 Rauvoxininc (XVI lib)

221-3
210
203

_101'
+98°
+64"

vomi!()y;(l,101

vomi1oyia107

vomi1oria 107

ALKALOIDS OF UNKOWN STRUCTURE

sellowhfU • "fYpt!utina 5, vomitoria84

vornitoria'7
vomiloria'1
perakeusis71

perake-nsis1 •

perakellsis11
am.solliaefolia lOll

canescens23
se.rpcntiua109

ppyakeusis llo

ohscura'5
obscuraflS

peralu:n:;is l1

caffra10'

caffra lOt

caffra lO'

miCrall/h.185
caffra111
sandwice/1.si.'\78
vcr/iei/lata lI2

s('m perjiufcl1sl13

+ 56' (Methanol)

-97"
+133"
+440

+250'
-121' (Ethanol)
+ 14-5" (Ethanol)

180-1
140
184

C"H"N,O,60 Ajmalinine'll
61 Alkaloid A
62 Alkaloid D
63 Alkaloicl HPI C"H"N,O.
64 Alkaloid RP2 C"H"N,O.
65 Alkaloid RP3 C..H"N,O.
66 Amsoniaefoline C"H"N,O, 220-3
67 An alkaloid C"H"N, 190-2 -1320 (?)
68 Chandrine C"I1 30N,O,(?) 230-1
69 Neureserpiline C"H"N,O. 129-31 -78" (Ethanol)
70 Obscuridine 228
71 Obscurine 255
72 Pelirine C2I H"N,O, 130-1
73 Raucaffricine C"H"N,O, 220
74 Raucaffridine (;"II"N,O, 221
75 Raucaffriline C"H"N,O, 200-1
76 Raunamine C13 H30N,O. 206-7
77 Rauwolfine C"H"N,O, 235-6
78 Sanclwicensine (1811,,1\',0 260-2
79 Samatine C21H"N,O, 284-5
80 s"mperflorine'll C"H"N,O 295

·Unless otherwise mentioned, rotation~ were mca~mrcd in chloroform.
tThe structure is yet to be established. The proposed" 19-methyl oc- or allo-yoliimbin<' structure is doubtful.
tMicranthine and serpentidine reported by Shan'l e/ al. 6i arc idcnb:al20 respectively with rcscrpilinc and scrpcntinine.
§Perakine appears to be an artefact of the isomeric vomileninc (XVI L) since the latter can be convcrtc(l to the

former by boiling with 10 per cent acetic acid for 10 min.'''.
~The identity of ajmalinine with 3-epi-<1-yohimbine and that of scmpcrnorin~ with tetraphyllicine cannot rigorously be

excluded.
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the methoxylated derivatives to either tetrahydro­
alstonine (VIa) or ajmalicine (Va) series. Thus,
the positions and intensities of almost all the IR
bands of reserpiriine (VIc) exactly corresponded
with those of the summation spectrum of an equi­
molar solution of 2,3-dimethyl-6-methoxyindole and
tetrall\"droalstonine. The nature of the ester band
was a'lso shown to be diagnostic in this respect.
The ajmalicine type compounds exhibited a rela­
tively simple ester band at 8·45 1-'; in tetrahydro­
alstonine series this band was found to be distinctly
resolved at 8,15, 8·32 and 8·45 fL. Reserpiline (VIg)
and isoreserpiline (Vlh) showed a broad band at
8·26 I-' instead and the pattern of their [I{ spectra
in general was distinct from either of the two t~'pes

mentioned. The wavelength of the C=C band
also varied according to stereochemical differences.
For example, this band appeared at 6·1 p. for tetra­
hydroalstonine and at 6·19 fL for ajmalicine hope.
An intense band in the region 6·6-6,8 fL (calculated
from the published spectra) was assigned to the
methoxyl group substitnted in the aromatic ring
of the indole moiety.

Although the interpretations of the configurational
assignments at the DIE ring junctions of tlwse
alkaloids were later proved to be untenable b\'
Shamma and MOSSI"', this approach still retains its
usefulness for gross structural informations.

Wenkert and Roychaudhuri l23 almost simultaneous­
l~" observed that the C-H stretching vibration at
3'4-3·7 I-' region could be utilized for the determina­
tion of the configuration of the C3-H of the Ralt1f'oljia
alkaloids. For example, compounds like yohimbine
([a). «-yohimbine (1Ia), etc., having «-oriented C3-H,
irrespective of the stereochemistry at DIE ring­
junctions, show multiple distinct and characteristic
peaks of medium intensit~' in this region. On the
other hand, tllOse with p,-oriented C,-H, e.g.
\F-~'ohimbine ([c). 3-epi-«-yohimbine (llbl. de.,
exhibit onl\' shoulders on the high wavelength side
of the main peak. Reserpine and its analogues,
however, show a clear peak instead.

It is at least evident that the I R spectra allow
classification of \'ohimbine and heterovohimbine alka­
loids into distinct stereochemical groups. Never­
theless, the assignment of config-uration to the C,-H
on the basis of I R is not unambiguous in all cases l2'.

Nuclear Ma~netic Resonance Spectra

Albright eI al. '25 observed that it is possible to
differentiate the stereochemistry of C,,-OH group
in \'ohimbine and its congeners. The eCJuatorial
CI7-'proton signal. for example, in YOhimbine,
'I'-vohimbine and corynanthine appears between
l) ~ 4·18 and 3·98. The axial proton signal, both
in «- and (1-yohimbines, is shifted up field and a
four-proton intensity peak at 8 = 3·73 is observed
due to overlapping by the methyl protons of the
Cl6-carbomethoxvl group. Acylation of the C,,-OH
results in the down field shift of these signals, viz.
the C,,-proton signal of the O-tosylates of yohimbine
and ~-yohimbine appears at l) = 5·22 and 4·83
respectively. The doublet at 8 = 4,88-4,33, when
measured in deuterodimethylsulphoxide instead of
cleuterochloroform, has been assigned to the
hydroxyl-proton spin-coupled with the adjacent

C,,-proton. '!"-Yohimbine, however, showed a two­
proton multiplet centred round 8 = 4·33 - one due
to hydroxyl and the other assigned to the equatorial
(with respect to ring O) C3-proton. A single-proton
down field signal at 8 = 4·45 assigned to equatorial
C3-H has also been noted for methyl reserpate and
reserpine l26 and as such appears to be diagnostic127•

An interesting application of NMR has been
reported by Rosen and Shoolery126 in the conforma­
tional studies on some 18-hydroxy-yohimbines.
Methyl reserpate (1IId) having equatorial C3-H
and axial hydrogens at C16 ' C17 and (IS' when
refluxed with methanolic sodium methoxide under
equilibrating conditions, is partly converted to
methyl neoreserpate '2S. The latter can have two
alternative conformations. I n the more stable one
(XXa). hydrogen is axial at C3 ' Cl6 and C" and
equatorial at C16 while in the other (XXb) the
assignment is just the opposite. Methyl neoreser­
pate exhibited a quartet at I) = 4·21 which showed
a large down field shift to I) = 5·78 in its C,s-tri­
methoxybenzoate. The intensity distribution of
1-3-3-1 and the coupling constants of 2-3 cps in
both the cases are compatible with the equatorial
nature of (.s-H having small and almost equal spin
coupling to three neighbouring protons. Those
with axial C,s-H with its two axial and One equa­
torial neighbours (e.g. IIId) would also be expected
to show far enough down field shift on similar acvla­
tion and peak centred around 8 = 5·08 could be
observed while the signal at 8 = 4·45 for the equa­
torial C3-H remained unaffected. The axial C18­

proton in methyl reserpate and its C3-epimer could
he inferred by the absence of the peak around
8 = 5·08 in their spectra. Thus conformation (XXa)
was assigned to methyl neoreserpate.

Again, the signal for the methyl protons of the
equatorial (17-0CH3 group of 18-hydroxy-yohim­
bines is dependent on the orientation of the neigh­
bouring groups. When both the carbomethoxd
and h~'droxvl functions are equatorial, e.g. In
methd reserpate (II/d), this signal appears at
8 = 3,53-3,60, which is shifted slightly to higher
field (8 = 3'41) if one of them is axial (as in XXa).
The metlwl protons at C" do not, however, exert
significant vicinal effect on the peak positions
(8 = 3·80-3'87) of the protons of the eCJuatorial
(16-c;lrhomethoxyl group.

OCHJ OH
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'.,/

....."\
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........ cooc"'3

~/HH
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In any case, the study of NMR spectra is expected
to be useful for the assignment either of structures1300
or conformations of closely related compounds.

Mass Spectra

It is only in the beginning of 1960's that mass
spectrometry has been applied in the field of alka­
loids131-133. Therefore, like NMR, this tool did not
actually help elucidate the structures of Rauwolfia
alkaloids, but detailed studies revealed some charac-
teristic fragmentation patterns. .

The most characteristic peak, common to the
major types, viz. yohimbine, heteroyohimbine and
sarpagine, appears to be an intensely strong M-1
peak arising out of the loss of a hydrogen atom at
C3 or C6 depending on the ease of stabilization by
conjugation with the indole system. Both yohim­
bine and heteroyohimbine types exhibit peaks at
mle 156, 169, 170 and 184, all incorporating indole
moiety. While no stereochemical assignment to·
the yohimbine isomers is possible because of their
very close mass spectral pattern, the relative inten­
sities of these peaks permit the differentiation of
the stereochemistry at the DIE ring junctions of the
heteroyohimbine bases. An additional ion peak at
mle 225 (species g) with enhanced intensities of
those at mle 156 aIid 184 distinguishes heteroyohim­
bine from the yohimbine series. The general
mechanism132 involves a retro-Diels-Alder fragmenta­
tion of ring C followed by the homolytic fission of
the allylically activated bonds. Of course, a con­
certed process starting from the allylic bond at
C3-C14 in ring D also may account for some frag­
ments, e.g. species b-d. In sarpagine type, while
mle 169 must be identical with the carbolinium
cation (e) found in yohimbine type, mle 168 (Iz)
could be assigned to ~-carboline ion itself134.
Further, the compounds with ethylidene function at
Coo such as sarpagine (Xb) can be distinguished from
the corresponding dihydro compounds by an intense

R=COOCH,

H/2)"".CH,

H/ XXIII
• "'" 0 Alia

The DIE ring juncture stereochemistry of the
heteroyohimbine bases could be distinguished by
Wenkert et al. l27 . They showed that the spin-spin
coupling constant associated with the interaction
of C1.- and Coo-protons remains virtually unaltered
with DIE-trans but varies with the DIE-cis isomers.
Thus, the one-proton down field octet (Il = 4,36­
4,44) characteristic of C19-H coupling with Coo-H
and the methyl group shows lHH to be 2·7 and
1·8 cps for normal (XXI) and pseudo (XXII) respec­
tively, while the respective values for alto (XXIII)
and epi-alto (XXIV) are 10·3 and 5·8 cps.

Shamma and MOSS1'. observed that the chemical
shifts of the +N-CH 3 protons of the corresponding
methyl salts of alto and epi-alto compounds could
distinguish the nature of fusion of C/D ring system.
The +N-CH3 protons show peaks at lower fields
(Il = 3,49-3,50) in methiodides with cis-fused C/D
rings than in the trans-fused (Il = 3·31-3'43) ana­
logues. This observation is difficult to accept
without reservation because of the complexity of
the molecule where Katritzky's observation based
on simple system may not hold. The stereo­
chemical assignment of the C1.-methyl group by the
same authors from the chemical shifts of the
C1.-methyl doublets in the NMR spectra on methio­
dide formation is not well apparent.
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~ I • I h."..
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of the heteroyohimbine alkaloids. The revised
stereochemistry currently accepted was supported
by the PK. values. As expected, the less hindered
trans compounds were found to be more basic than
the cis-isomers122 in 66 per cent dimethylforrnamide
in water.

General Approaches to Structure and
Stereochemistry

With the advent of modern physico-chemical
methods, the task of structure elucidations
of natural products has become comparatively
simple in recent years. The modern chemists
have to bother less about the detailed classical
approaches that remarkably established the struc­
ture and gross stereochemistry of Rauwolfia alka­
loids3,4,18,21,142-146. Yet some of them still retain
their usefulness.

Selenium dehydrogenation3,143 alone has proved
to be extremely valuable in determining the basic
skeletal structures. Yohimbine and its congeners
yield three characteristic dehydrogenation products,
viz. yobyrine (XXVa), tetrabyrine (XXVI) and
ketoyobyrine (XXVII). The remarkable formation
of ketoyobyrine involving aromatization of ring E,
cleavage of the C21-N4 linkage, rotation of ring E
through 1800 about the C14-C15 axis followed by
lactam formation and subsequent dehydrogenation
not only settles the pentacyclic structure of yohim­
bine isomers but also provides indirect evidence of
the location of the carbomethoxyl group at C16 ,

The latter is definitely proved147,148 by the selenium
dehydrogenation of the LiAIH4 reduction product
of the yohimbine bases to yield methylyobyrine
(XXVb). The heteroyohimbine bases, On the other
hand, provide alstyrene (XXVIII), quite charac­
teristic and diagnostic of this class of compounds.
The methoxy substituent(s) in ring A is generally
retained in this process.

Woodward149 has shown that Pd/C dehydrogena­
tion of deoxydihydro-ajmaline (XXIX), a degrada­
tion product of ajmaline, affords three characteristic

',."J
.-
"-

XXVI

e,,"]

'"
"'-

'J
XXVlll c' J

XXV
a. R=H
b, R=CH, •

peak at mle 249 (i) and by a less intense peak at
m!e 182 (j) corresponding to mle 184 (d) in yOhimbine
type135.

In dihydroindole series, the mass spectra of
ajmaline136, ajmalidine, vomalidine137 and tetra­
phyllicine138 have been studied. It appears that
the carbolinium cation (c), with due consideration
to the substituents in the indole moiety, is the
common fragment of all the ~-carboline derivatives.
Thus, the ion peaks at mle 182 and 183 in ajmaline
type corresponds to those at mle 168 and 169 in
yohimbine type. The assignment to other peaks
are certainly not unambiguous132. It has been
obsen'ed by Biemann et al. 137 that the difference in
substitution and/or stereochemistry at the alicyclic
ring system sometimes radically changes the frag­
mentation pattern. For instance, in ajmalidine
the characteristic peaks for the ~-carbolinium cations
are of much lower intensity than those of ajmaline,
and the most intense peaks appear at mle 144 (k)
and mle 158 (l). The latter fragment which must
contain the C17-oxygen function along with the
indole moiety is considered to be quite diagnostic
of ajmaline ring system. Epimerization at C2 has
been noted to have profound effect on the fragmenta­
tion pattern138.

It is at least safe to conclude that mass spectro­
metry not only provides important clues to the
skeletal structures but also helps stereochemical
assignments in certain cases.

Other Physico-chemical Methods
Molecular Rotation and
Optical Rotatory Dispersion

The generalized method of molecular rotation
differences and the optical rotatory dispersion
studies which proved to be so useful in the steroid
field have been extended with advantage by Klyne139

and Djerassi et al. 140 in the stereochemical assign­
ment of the asymmetric centres of the DIE rings
of yohimbine. Recently, Finch et aP41 reported
that for heteroyohimbine bases the sign and magni­
tude of the Cotton effect at 235-255 mIJ- is
dependent on the ring juncture stereochemistry,
irrespective of the orientation of C19-methyl group.
Ring A unsubstituted compound with 3ot, 2001:
configuration shows negative Cotton effect with
high amplitude (-1100), while all other possible
combinations (the configuration of the C13-H being
01: and the same for all the known Rauwolfia alka­
loids) exhibit positive Cotton effect, the highest
amplitude (+ 1100) being recorded for the 3~, 20~

compound. Substituent in ring A definitely influ­
ences the ORD extrema, but the extent to which the
amplitudes are affected remains to be determined.

Kinetic Studies

Studies on the pseudo-first order rates of
methiodide formation proved to be of particular
importance. This rate which should be fast for
those possessing the normal (XXI) configuration
and very slow for the aUo (XXIII) group of alka­
loids corroborated the known stereochemistry of
yohimbine bases. However, the order of the' rate
constants necessitated the reversal of the previously
assigned stereochemistry at the DIE ring junction
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products (XXX-XXXII) and N b common to two
six-membered rings is retained in one or the other
in this drastic cleavage.

Saponification and re-esterification establish the
presence and conformation of the carbomcthoxyl
functionUS. All the known yohimbine isomers
regenerate the original compound except corynan­
thine which yields yOhimbine under the same condi­
tions. Clearly. the carbomethoxyl group must
have the less stable axial conformation in the latter
while in all others it is equatorial.

In 18-hydroxy-yohimbine type, the presence and
the equatorial orientation of the ester groups at
C17 and C18 (no axial epimer yet been encountered
in nature) have analogously been established by
alkaline hydrolysis and regeneration of the original
ester-alkaloid. The facile Y-Iactonization of reserpic
acid and Nb quaternization of the C18- and C18­
tosyloxy derivatives of the appropriate alcohols
support the equatorial orientation of the functions
at C16 and C18 and, in addition, requires cis-fused
DIE ring systema.

Oppenauer oxidation and Wolff-Kishner (Huang­
MinIon) reduction have been extensively used.
In case of yohimbine isomers. oxidation of the
<>riginal base or the corresponding acid affords a
carbomethoxyl free ketone (XXXIIIa) which must
arise via an intermediate ~-keto acid. This process
secures the secondary nature and C17 position of the
alcoholic function the conformation of which is
determined either by trans-elimination. equilibration
or stereospecific reduction of the ketone. Oppenauer
oxidation of deoxyajmaline to a five-membered !ring
ketone provided valuable evidenceu9 against the
structure of ajmaline earlier proposed by Anet et
al.1so with a tertiary hydroxyl group in a four­
membered caged ring.

Qs'Qs\:s
11 II II

r. lit •
XXXIV XXXV XXXVI

a. R=O~ 0, R=H,

Wolff-Kishner reduction of ajmaline isomers
mainly furnishes evidence of the presence of carbi­
nolamine system and in yohimbine series it helps
elucidate the ring juncture stereochemistry while
in heteroyohimbines this method along with
Oppenauer oxidation has been applied for correla­
tion. In yohimbines, the asymmetric centres in
both the ketone and the deoxy compound are
practically reduced to three neglecting the possible
isomerism due to the lone pair of electrons at N.\,
since the trans-configuration of the C/D ring is
definitely preferred. This aspect has not been
fully investigated for the yohimbine type, but in
heteroyohimbine bases it has been studied by
physical methods. The stereochemistry at the other
ring junctures has already been dealt with3•H3

exhaustively and, therefore, only the salient features
will be discussed very briefly.
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Of the three asymmetric centres at Ca. C\5 and
C20, the configuration of C1s,H is x and the same
for all the Rauwolfia alkaloids1s1.m . Four possible
configurations. viz. normal (syn-anti. XXXIII),
pseudo (anti-anti, XXXIV), allo (syn-syn. XXXV)
and epi-allo (anti-syn. XXXVI). are represented by
the respe(~tive ketones of YOhimbine, 'f-yohimbine.
allo-yohimbine and 3-epi-lX-yohimbine. Wolff­
Kishner method affords either yohimbane or
aUo-yohimbane having normal (XXXIVb) or allo
(XXXVIb) configuration depending On the trans
or cis DIE ring fusion of the ketone, the Cs-H of
which epimerizes to the more stable IX-configuration
under the highly alkaline condition of reduction.
Acid-induced epimerization has also been realized.
Oxidation of ring C with lead tetraacetate. mercuric
acetate or palladium and maleic acid followed by
reintroduction of the (a-centre with stereospecific
reducing agents also serves to distinguish the
absolute stereochemistry particularly at this centre
of both yohimbine and heteroyohimbine alkaloids.
Hydrogenation or NaBH4 reduction of the tetra­
dehydro or 3-dehydro compounds leads exclusively
to normal or predominantly to allo products depend­
ing on the trans or cis nature of the DIE ring sys­
tem while the Ca-H ~(e)-epimer is obtained when
zinc and acid is used to reduce the A3-com­
poundUS•1U. Mercuric acetate oxidation appears
to be diagnostic153 of the IX- or ~-configuration of the
Ca-H as also its axial or equatorial nature in normal
and pseudo compounds with unambiguous conforma­
tion. if not in a cis-fused DIE ring system. The
relative rates of palladium and maleic acid dehydro­
genation can differentiate between pseudo and epi­
allo in heteroyohimbine bases123.124 .

Lead tetraacetate oxidation of 21-deoxyajmaline
leading to an indole-aldehyde affords One important
evidenceU9 to the structure of ajmaJine. Moreover,
the correlation of this aldehyde. deoxyajmalal-A.
with corYllantheidane de1iuite1y estahlishes the
stereochemistry of the hexacyclic system and C­
ethyl in ajmaline. The stereochemistry of other
alkaloids in this group is mainly based on the
correlation with either [he deoxyajmaline or the
derived aldehyde21•144•

The formation of 2,4-dinitrophenylhydrazone
depending on the hydrolytic cleavage of the di­
hydropyran structure of ring E heterocyclic com­
pounds has been found to be characteristic of those
(e.g. alstonine, VII) with cis-fused DIE rings only.
This criterion has been taken advantage of1S4 in
distinguishing them from their trans relatives (e.g.
serpentine. VIII). The anhydronium bases (VII
and VIII) are interrelated to tetrahydroalstonine
(VIa) and ajmalicine (Va) by hydrogenation, or
conversely, by lead tetraacetate oxidation.

The absolute configuration of ajmalicine type at
Ca, en and C20 has been established by its correla­
tion with the 17,1!!-seco-yohimballe, dihydro­
corynalltheane15l, through a series of reactions
involving saponification, decarboxylation. Wolff­
Kishner reduction, Oppenauer oxidation followed
by Wolff-Kishner reduction. Two types of ring
junctures, viz. trans and cis, of the DIE ring system
of yohimbine type have also been correiated1S1
throngh the preparation of two enantiomorphic
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16-yohimbones from the af>o derivatives of yohim­
bine and 3-t,pi-:o:-yohimbine by Schmidt reaction.

All the 18-hydroxy-yohimbine alkaloi,]s are
knowll to have cis fusioo at DiE ring jllnction.
All of them including 19·dehydro analogues have
C3-H ~-oriented except isoreserpine (lITh) which
is not yet recognized as a natural produet20. The
assignment of their sten'ochemistry is mainly based
on the correlation of the 18-deoxy compound with­
out ring A sub,tit uent (e.g. deserpidinc, 11Ic) with
IX-yohimbine or its epimer".

Much of the chemistry of Rauwolfia alkaloids is
concerned mostly with the stereochemical problems.
A combination of physical methods already dis­
cussed, conformational analysis and biogenetic COn­
siderations has played important roles in elncidating
the absolute stereochemistry of this class of alkaloids.
The researches in this fidel also stimulated stereo­
specific synthesis of complex alkaloids like reserpine12,
yohimbine155 and total synthesis of ajmalicine156.

It is pertinent to mention that attempts were
made157,158 from this laboratory to correlate the
stereochemistry of yohimbine and its congeners
with the pharmacological activities. The absolute
configuration of the CIs-methyl group in hetero­
yohimbine bases predicted158 on the assumed
correctness of the then knowledge of stereochemistry
at other centres obviously cannot be valid with the
subsequent reversal122 of configurations at the DiE
ring junctions. However, we believe, a re-examina­
tion of this approach mu)' not prove to be unreward­
ing. Nevertheless, the dependence of th" pharmaco­
logical activities on muny factors including species
variation is the main difficulty inherent in such a
study.
Bio~enesis

The earlier coucept.149,159-l61 of biogenesis of indole
alkaloids including tho"c from Rauwolfia has been
the subject of serious rethinking in recent years in
the light of radioisotopic tracer studies. While tlle
derivation of the ~-rarboJine moiety from trypto­
phan or its equivalent appears to be well authenti­
cated162,163, the origin of the non-tryptophan derived
portion is still not properly understood. Four
hypotheses hav" so far been advanced involving
(i) 3,4-dihydroxyphenyJalanine (WoodwardUS),

(ii) prephenic acid (Wenkert'5l,164), (iii) acetic acid­
malonic acid (Leete16G,166) and (iv) cyclopcntanoid
monoterpcne skeleton derivable from mevalonic
acid (Thomasl67 and Wenker(l6B). The findings16S- l71

that a one-carbon fragment is not involved in the
biogenesis eliminate the first three possibilities.
Thus, the current indications supported172 by feed­
ing experiments with sodium (± )-[2-CU ]-mevalonate
are in favour of the mevalonoid origin of the CiI'lO
unit of this class of compounds.

In retrospect, the r"searches On Rall.woljia alka­
loids proved to be extremely valuable and reward­
ing not only because the enriched knowledge in
this field sparked off renewed interest in other
indole alkaloids and helped elucidate novel struc­
tural patterns of considerable biogenetic significance
but also becausc they provide yet another good
example of the importance of work on natural
products both for research and industry.

Summary
The general physico..chemical characteristics, im­

portant structural features, genen,1 approach to the
determination of structure and stereochemistry, and
biogenesis of Rauwolfia alkaloids have been reviewed.
An up-to-date classified list of alkaloids with their
sources has also been included.
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IUeD-fitted animals. It was concluded that if there
was any speeding up in the tubal passage of ova due to
he presence of an IUeD in spontaneously ovulating

monkeys, it was far less pronounced than that
reported by Mastroianni and Hongsonand23. Eck­
stein29, commenting on the studies of Mastroianni and
Hongsonand, pointed out that the gonadotrophin
stimulated ovaries of these monkeys produce exces­
sive amounts of estrogen and progesterone. It was,
therefore, not surprisin!( that such superovulated ova
should pass rapidly through the tubes and the uterus;
the possibility also remained that due to such exces­
sive production of sex hormones the endometrial
sensitivity was disturbed.

One of the earliest of modern theories advanced to
explain the mode of action of lUCDs in human is
that the device stimulates tubal motility as a result
of which the ovum is rushed through the tubes and
arrives prematurely in the uterus in a condition
unfit for implantation;JO,31. The endometrium, in its
turn, does not have sufficient time to undergo full
progestational transformation necessary for reception
of the blastocyst. The evidence frequently offered
in favour of this theory is the small number of tubal
pregnancies that have be.en encountered in women
fitted with lUCDs, the incidence being about one­
twelfth of the rate recorded in normal populations32.
In this connection, the following reports merit
·critical consideration:

(i) No evidence of increased tubal peristalsis or
mechanical obstruction of the tubes could be found
in women fitted with lUCDsa3.

(ii) A low rate of tubal pregnancy in women may
validate the rapid ova passage theory but does not
actually confirm it. Most of the women using IUCD
are highly fertile and have had many consecutive
uterine pregnancies; thus a low incidence of tubal
pregnancy can be expected. Whether the reported
rate of tubal pregnancy is unusual in such women
can be determined only by comparing their incidence
with that for women of similar age and parity
who are not using IUCD, rather than with the rate
Jor total population32. Chen and Ta-K0 3t reported
six cases of tubal pregnancy in women fitted with
IUCD during a 7-month period. Willson et at.:15
described 3 ectopic pregnancies out of 623 women
fitted with lUCD. Denny36 also recorded a case of
tubal pregnancy. Tietze37 provided statistical evi­
dence in support of the rapid ova transport theory.
He estimated that in 22.400 women wearing IUCD
with an aggregate of more than 300,000 women
months of use, 588 pregnancies occurred with the
device in situ. Of these, 26, or 1 in 23, pregnancies
were ectopics. In normal population, a conservative
estimate of tubal pregnancy would be between 0·8
and 1·2 pregnancies per 100 women per year. With
approximately 25,000 women using the IUCD,
between 200 and 300 ectopic pregnancies would be
expected, but only 26 did in fact occur. While the
incidence of ectopic pregnancies is very high in rela­
tion to the total number of pregnancies, it is very low
in relation to the number expected on the assumption
that the mode of action of lUCD is at the uterine
level. Thus these statistical findings indicate that
the lUCD acts by speeding up the transport of ova
through the fallopian tubes.

(iii) Bonney et at.IS found no evidence of rapid
transport of ova through the tubes in women wearing
IUCD. On the contrary, the recovery rate of ova
from the tubes in IUCD-fitted women was somewhat
higher than in control women.

(iv) An IUCD does not cause any noteworthy
biochemical changes in the tubal tissue of rhesus
monkeys except for some increase (28 per cent) in
oxygen consumption rate during the proliferative
phase 90 days post-insertion3s. However, this does
not involve any alterations in normal metabolism
of the tubes, and probably is a biochemical expression
of transitory mild trauma to the genital tract caused
by a foreign body. This is indicated by a normal
oxygen consumption rate of the tubes 545 days
post-insertion17• Similarly, the biochemical com­
position of the tubal fluid of rabbits does not show
any noteworthy alterations due to the presence of an
IUCD39.

(v) The insertion of a surgical silk suture directly
into one tube of rabbits (the suture was inserted
through the isthmic end of the ampullary-isthmic
junction, passed along the lumen and then brought
out through the same wall at the ampulla end about
2 cm. above the point of entry and the two ends of
the suture were tied into a knot. The animals were
mated 45 days post-insertion) stopped pregnancy in
45 per cent of the animalsto. The number of foetuses
was significantly low in the treated tube side,
although the number of corpora was virtually the
same in the two ovaries as revealed by laparotomy
on fifteenth day of pregnancy. This showed that
about 67 per cent of ova somehow failed to implant
or there was a foetal loss of this magnitude.

In rabbits fitted with IUCD, a high foetal loss
has been recorded between the 10th and 27th day of
pregnancy in addition to a failure in ova implanta­
tion41- t3 ; the latter is due to a local effect of the
device, but the foetal loss during the second half of
pregnancy is observed in both control and treated
horns26. Post-coital ligation of the tubes has been
reported to impede development of the blastocystsu .
Whether the absence of pregnancy in the treated
side horn observed in this study was due to a
foetal loss occurring between 10th and 15th day
post-coitum, or inhibition of blastocyst development
due to the presence of an intratubal device could not
be determined. The same comment would hold good
for a possible effect of the device on tubal transport
of ova. However, Corfman and Segal40 have recently
shown that an intratubal suture does indeed speed
up ova passage in this species.

It thus appears that there is as yet no firm experi­
mental or clinical basis for the view that the tubal
passage of ova is considerably accelerated in the
presence of an IUCD. Even if this is the case,
little is known as to how such speedy transport is
achieved. It has been suggested that an IUCD
provokes a state of hyperestrogenism, or an increased
sensitivity of the genital tract to estrogent 6-4S.

There is also some indirect evidence (like a high
urinary FSH excretion rate) of such hyperestrogenism
in women wearing IUCD20. Accordingly, it has been
opined that increased secretion of estrogen by the
ovary in the presence of an IUCD may be responsible
for such rapid transport of ova; this property of
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estrogens is now well authenticated although precisely
how the effect is exerted is not known47 •

Recently, Kar et al. 49 investigated the tubal sensiti­
vity of rUCD-fitted ovariectomized rhesus monkeys
to exogenous estrogen, but could not find any
ponderal or histologic evidence of an increased
responsiveness. Biochemically, estrogen did not
cause any increase in the concentration of DNA,
acid-soluble phosphates and total lipids in the tubes
which it did significantly in animals not wearing
the rUCD. However, the implication of these bio­
chemical changes in relation to a rapid transport of
tubal ova is difficult to assess. Moreover, the actual
tubal transit time of human ova has not been
determined with certainty50.

rn the same study49, the uterus did not show any
increased or decreased sensitivity to estrogen.
Tamada and Sturgis51 also reported no effect of
rUCD on uterine responsiveness of ovariectomized
rhesus monkeys to estrogen and progesterone.
However, at the points of contact of the device the
endometrium showed squamous metaplasia of the
epithelium. Similar changes have been recorded in
women fitted with rUCD for 1-2 years51

Retardation oj ova passage - Doyle and Margolis52
observed that in mice rUCD retards the tubal passage
of ova on the treated side and inhibits implantation
in the control uterine horn. This shows that an
rUCD may act through two different points in the
reproductive mechanisms in the same species.

Fertill:zation - rnterference with fertilization has
been demonstrated clearly only in sheep fitted with
rUCD and this is evidently achieved by a retardation
of sperm transport2' . A similar disturbance in
fertilization probably occurs in artificially inseminated
cows but not in normally mated ones6,53. However,
in sheep, ova recovered from rUCD-fitted females
can be transferred into the uteri of normal host ewes
and following mating of the host, they will be ferti­
lized and implanted21. This shows that in this species
rUCD does not affect fertilizability of the ovum.

It is not known whether the fertilization process or
fertilizability of ova are disturbed in women wearing
rUCD even though a pronuclear ovum has been
recovered from tubal washings of such individuals5o,54.

Implantation

The most widely held view about the mode of
action' of rUCDs is that they somehow prevent
implantation of the blastocyst. rn this connection,
an interference with the blastocyst or the uterine
components of the implantation process including the
luminal fluid milieu, provocation of unphysiologic
motility of the uterus, neurogenic disturbances,
inflammation, physical coverage of the endometrial
surface and the role of the cervix have been con­
sidered. However, a species difference in the extent
of influence of rUCD on the implantation process
should be kept in view. rn guinea-pigs, for instance,
a silk suture device does not interfere consistently
with implantation55.

Blastocyst component and the uterine fluid milieu ­
There is little published information on the effect of
rUCDs on biochemistry, metabolism, morphology and
ultrastructure of the blastocyst. Several authors
recovered degenerated blastocysts from the uterine
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horn of rats fitted with a silk suture device56.
Recently, Dukelow et al.26 reported that fluid
aspirated from the blastocyst of rabbits recovered
from the rUCD-fitted uterine horn contains 38 per
cent less carbohydrates than that collected from the
blastocyst from the control horn. It is interesting
that the uterine fluid from the rUCD-fitted horn also
contains 38 per cent less carbohydrates than that
from the control horn26. On the other hand, some
knowledge is available regarding the uterine fluid
milieu. Kar et al.46 , in their detailed biochemical
studies on the uterine luminal fluid of rats in the
presence of a silk suture device, could not find any
change in pH of the fluid (also Marcus et ap7), but
the volume was reduced by about 50 per cent with a
marked change in consistency. This was apparently
a dehydration effect since the concentration of
nitrogen, lactic acid, total lipids, phospholipids and
bases, and free and ester sterols increased almost
twofold. There were also some interesting changes in.
electrolytes. Paper electrophoretic studies revealed
the passage of a protein into the fluid having the
same electrophoretic mobility as albumin. The latter
was consistently absent in the control horn fluid as
revealed by this technique. This protein comprised
about 50 per cent of the total protein of the fluid
as measured by planimetry. This was probably
due to foreign body reaction and apparently
contributed to the viscosity of the fluid which was
normally thin and opalescent in consistency. A
notable effect of such a high concentration of an
albumin-like protein would be a rise in overall
osmotic tension of the fluid. If it is assumed that
this protein is albumin, with molecular weight 68000,
a representative sample of the fluid containing
3 g./IOO g. of this protein would exert an oncotic
pressure alone of about 8 mm. Hg. This, together
with the increased osmotic pressure due to elevated
non-protein constituents, may expose the blastocyst
to an uterine luminal milieu with considerable
dehydrating influence; obviously, such a milieu is not
expected to be conducive to blastocyst implantation.

According to Corfman and Segal45 , leucocytic
infiltration of the endometrium and the lumen may
play an important role in such biochemical changes
in the luminal fluid and degeneration of the blastocyst
prior to nidation. Depending upon the species,
the leucocytic invasion occurs in the presence or
absence of bacterial infection58. As judged by
estimation of lysozyme in the uterine lumen of rats
and rabbits, the leucocytes release their contents
into the uterine fluid. It is believed that some
substance derived from leucocytes may exert toxic
effects on the blastocysts or on spermatozoa58.

Dukelow et al. 26 ,59 studied the biochemical changes
in the uterine and tubal fluid of rabbits at the time
of rUCD-induced embryonic mortalityH. They ob­
served that per cent dry weight, protein and amylase
content, and lysozome activity of the fJuids were
reduced in the presence of rUCD. The volume and
pH of the tubal fluid were virtually unchanged.
However, the sialic acid and carbohydrate contents
of the tubal fluid were increased, while in the uterine
fluid the last constituents were decreased. The
rUCD had no effect on free amino acid pattern
(aspartic acid, glycine, serine, valine and leucine}
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of the tubal fluid. rn the uterine fluid of the
rUCD-fitted horn, serine and glutamic acid were
identified as free amino acids but aspartic acid was
absent. rn the control horn, apart from the first two
amino acids, aspartic acid was also present. It was
suggested that in this species there was increased
proteolytic activity and alteration in levels of carbo­
hydrate-sialic acid moieties of the uterine and
tubal fluids at the time of rUCD-induced embryonic
mortality. It was apparently contradictory that the
rUCD had no effect on total proteolytic enzyme
activity of the fluids59.

rn the human female, there is evidence of some
changes in the uterine secretions in the presence of an
rUCD. Americh·o noted that rUcD causes profuse
secretion of the endometrial glands which fill the
lumen. He believed that this was an impediment
to implantation of the blastocyst. Vorys et al. 20

observed that women wearing the Margulies spiral
who had no pain, discharge or bleeding often had
scanty endometrial secretions. Hall et al. 61 reported
no change in total protein concentration of the
secretion in women fitted with rUCD, but the total
carbohydrate concentration recorded an appreciable
rise. However, Kar (Kar, A. B., unpublished ob­
servations) recently found about 200 per cent
increase in total protein concentration of the uterine
fluid of women fitted with the loop for 1-2 years.
Stone.2 noted the presence of neutrophils in the fibrin
of the endometrial glandular lumen in women fitted
with rUCD which indicated some changes in endo­
metrial secretion. Bonney et aU· found that the endo-

. metrial secretions became thick and mucoid around
the Margulies coil during the proliferative phase.

Endometrial component - Inhibition of decidualiza­
tion: An evidence frequently cited to explain the
mechanism of the anti-implantation effect of rUCD,
particularly in rats, is that it inhibits the process of
decidualization43,56,.3, although Segal64 holds a con­
traryopinion. However, divergent views have been
expressed as to how the anti-decidualization effect is
achieved. Psychoyos·s showed that trauma caused
an increase in uptake of progesterone-14C by the rat
uterus. He suggested that the presence of rUcD
has the same effect as trauma vis-a.-vis progesterone
uptake by this organ. rn other words, the uterus
becomes more sensitive to progesterone. If this
period of progesterone uptake precedes estrus,
estrogen liberated on this day will complete the
progesterone-estrogen sequence, so critical for deci­
dualization, rather prematurely; so much so, that
the period of uterine receptivity will ensue at a time
when the ova are still in the Fallopian tubes.
When they reach the uterus it has already passed
into the non-receptive stage and thus implantation
will not occur. If both uterine horns of the rat are
traumatized during the sensitive period, the control
horn will respond normally, whereas the rUCD­
fitted one will show a decreased vascular response.
Psychoyos considers this to be due to the non­
receptive stage of horn provoked by an increased
sensitivity to progesterone circulating before estrus.
For this reason the uterus has to be fitted with the
device before estrus to achieve the inhibitory effect.
One day may make all the difference; if the device is
inserted during estrus no anti-implantation effect

is seen. However, according to Joshi·6, rUCD
inhibits decidualization in rats by reducing uterine
sensitivity to progesterone.

Potts·' reported two cases of pregnancy in women
during the particular cycle in which the rUCD was
inserted. He believed that this was an evidence
in support of Psychoyos' view since the device was
not there early enough to upset the timing of the
cycle. According to Psychoyos65, the presence of
rUCD in women is necessary for a short period
before ovulation to bring about precocious endo­
metrial sensitization to progesterone (as in rats)
leading to an ova-endometrial' asynchrony'. Even
low-grade injuries make the endometrium (rat)
hypersensitive to progesterone66. .

Laumus and Farooq69 did not observe any effect of
rUCD on uterine uptake and retention of 1,2-H3-pro­
gesterone in rats (d. Joshi10). Kar et al.46 observed
increased sensitivity of the uterus to estrogen in this
species in the presence of rUCD. This may contri­
bute to an imbalance in the optimal responsiveness
of the uterus to the two critical hormones involved
in the decidualization process. Psychoyos·5considers
changes in uterine fluid also to be concerned in the
inhibition of decidualization. According to Craigll
an increase in mass of the uterus and maturation
of the cellular elements of the submucosa with
dispersion of collagen are responsible for the
inhibition of decidualization in rats.

Shelesnyak'2 believes that rUCD causes premature
depletion of the uterine histamine store so that very
little or none is available at the proper time to induce
decidualization. Actual estimations have shown an
initial low histamine content of the rUCD-fitted horn
followed by a rise, as compared to the control horn's,••.
Roy Chowdhury's13 findings on the increase in the
number of uterine mast cells in animals fitted with a
silk suture tend to support this concept. However,
in cows, an rUCD has no effect on the total number
of mast cells in the adjacent endometrium'4. An
increase in the total endometrial mucopolysaccharides
probably secondary to focal inflammation, has also
been recorded in cows in the presence of rUCDs3.
High doses of estrogen are known to evoke similar
changes in the mast cells of the guinea-pig endo­
metrium'5. Thus, it is not unlikely that in rats
an rUCD prevents implantation both by provoking
adverse physico-chemical changes in the l.\terine
luminal fluid milieu and by inhibiting the process of
decidualization. However, rUCDs have no effect
on the decidual response in ovariectomized and
hormonally treated rhesus monkeys45.

Potts·' made the interesting suggestions that
(i) a device might merely hold the epithelium apart
mechanically so that in species with small blastocysts
such as in human, the blastocysts simply fall out and
do not come in contact with the endometrium to
implant, and (ii) the trophoblast preferentially
implants on the plastic rUCD rather than on the
endometrium. Mouse blastocysts cultured in vitro
stick remarkably well on plastic dishes; the tropho­
blast comes into intimate contact with the plastic
material and spreads out very rapidly in all directions.
Dukelow et al. 26 recently reported implantation
of the blastocysts directly on the plastic device in
two rabbits which developed apparently normally
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till the fourteenth day and then (by the twenty-third
day) resorbed. However. Meyer" was unable to find
any such implantation on the devices themselves.
This possibility is not valid for silver or stainless
steel rings66 ,76.

Provocation of decidualizati01I: Since decidua
formation is known to prevent implantation in rats,
this mechanism has been invoked to explain the
anti-implantation effect of IUCD in this species77,78.
However. Doyle and MargolisS6 and Kar et al.79

did not find any evidence of deciduoma formation
in this species in the presence of a silk thread.

Bonney et al. 18 recorded a rather premature
predecidual type of reaction of an abnormally
fibrous nature in the endometrium of women fitted
with IUCD. They considered this as a manifestation
of the failure of the endometrium to undergo bio-

. chemical maturation which provides the most optimal
uterine environment for implantation. They further
added that such biochemical maturation was syn­
chronous with that taking place in the ovum and in
other sites of the neuro-endocrine system concerned
with the implantation process. As an evidence of
such disturbance in biochemical maturation it was
observed that IUCD retards the increase in non­
phospholipid to phospholipid ratio of the endometrium
found to occur coincidentally with ovulation8o.
Conceivably, adverse physico-chemical changes in the
uterine fluid milieu may also retard such biochemical
maturation of the preimplantation blastocyst and
make it unfit for implantation.

According to Grafenburg2a ' hyperdecidual ' c.ond!­
tion of the endometrium provoked by the deVIce IS

responsible for implantation failure. Jessen et. al. 8l ·

and Rozin et at. 82 recorded the occurrence of deCidual
tissue in women fitted with IUCD. Several investi­
gators reported asynchrony in histologic da~ing of the
endometrium and the stage of the cyele III women
fitted with IUCD; the endometrium lagged behind the
normal cyele19,83.M. A recent electron microscop!c
study provided interesting evidence of such delay III

endometrial maturation in the presence of IUCDss.
Such asynchronous endometria may also be unfit for
implantation.

Stimulation of uterine motility - In rats WCD
does not provoke excessive electrical activity of the
myometrium nor alters its sensitivity to oxytocin86 ,67.
Oxytocin release is not disturbed either87. However.
Marcus et at. S7 reported an increase in uterine motility
in this species in the presence of a silk suture. In
rabbits. no consistent suppressive or stimulatory
effect of IUCD on uterine motility could be recorded
in in vivo studies88. In rhesus monkeys, there is a
possibility that the immediate effect of a device
is to convert a given motility pattern into o~e
characteristic of menstruation and labour2s. ThiS
effect is, however. transitory and eventua.Hy results in
slight accentuation of the normal motIlity pattern
of the uterus. On the other hand, Martin and
Eckstein89 recorded a depressive effect of IUCD on the
frequency and amplitude of the uterine contractions
in this species.

Bengtsson and Moawad90 investigated the motility
of the human uterus in vivo. twice weekly, by means
of an intrauterine catheter connected with a pressure
recorder. They observed that prelabour type of
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contractions normally appeared about the twenty-fifth
day of the cycle. but these developed about the
nineteenth day of the cyele after the insertion of an
IUCD. They suggested that the occurrence of such
contractions at about the time of implantation
explains the contraceptive action of the IUeD.
Marcus et al.57 also noted a stimulation of uterine
motility in women fitted with IUCD. However.
Johnson et alu did not find any effect of the device
on the frequency and amplitude of uterine con­
tractions in women. Whether such acute stimulatory
effect of IUCD on uterine motility persists throughout
its period of residence remains to be determined.
In this connection, any hemodynamic changes in the
uterus also merit consideration. According to a
recent report an acute increase in myometrial acti­
vity in women after IUCD insertion diminishes with
time92.

Neurogenic factors - The possibility of involvement
of neurogenic factors in the mode of action of IUCD
has been considered in rats and sheep. Segal6&
achieved normal implantation in the IUCD-fitted
horn of rats by severing its sympathetic nervous
connections. Wishik93• citing studies on sheep,
reported that when an inflated balloon-like object
of the size of an embryo was fitted into one uterine
horn. the contralateral horn did not become pregnant.
When the balloon-fitted horn was resected by cutting
at both ends and removing all nerve connections. and
then re-sutured back without apparently restoring the
nerve supply the contralateral horn did accept a
pregnancy. These studies suggest a possible neuro­
genic involvement in the mode of action of IUCD
in this species.

Toth et al.9& observed that pelvic parasympathec­
tomy caused vaso-constriction and an imbalance
of the homeostatic vascular mechanisms in dogs
through the resultant sympathetic doruinance. The
vicious circle thus created led to a diminished
blood flow to the uterus, hypoxia and impeded
nutrient supply. The net effect on early implanta­
tion stages and the foetus was disastrous. It may be
suggested that IUCD somehow causes similar sym­
pathetic dominance and thereby disturbs the optimal
hemodynamics of the endometrium, which is so
critical for the implantation process. There is some
evidence of a reduced capillary permeability of the
rat uterus in the presence of an IUCD25. Segal's6&
findings in rats are also suggestive. Bland and
Donovan9S are, however, critical of the neurogenic
theory since, according to them, the " denervation
of a segment of the uterus as done in sheep must
inevitably interfere with the normal activities of the
endometrium by disrupting its blood supply".
Apparently, any neurogenic involvement in the
mode of action of IUCD may be only one facet of a
more complicated mechanism.

Inflammation - According to Greenwald96• the
endometrial inflammation caused by IUCDs in rats
is primarily responsible for the anti-implantation
effect and this condition increases the uterine motility
causing expulsion of the pre-implantation blastocyst
per vaginum. However, Parr and Segal97 and Sudha
et al.98 consider endometrial inflammation as an
unlikely cause for implantation failure in this
species.
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A mild inflammatory condition of the endo­
metrium is often encountered in women wearing
IUCD32,81,99,l00. Jessen et al. 81 opined that this
condition may have some bearing on the mode of
action of the devices. However, the current con­
sensus is that such inflammatory changes represent a
'sterile irritation' of the endometrium due to the
presence of a foreign body and have little to do with
its mode of action25,32,99,loo. However, Corfman and
SegaliS considered such changes in the endometrium
(including transitory bacterial contamination which
occurs almost universally immediately after inser­
tionlOO) as being sufficient to explain the prevention of
uterine pregnancies.

Coverage of endometrial snrfacc - The view that
physical coverage of endometrial surface by IUCD is
responsible for preventing implantation in rabbits3

has subsequently proved untenable4l ,lOl. This is also
probably true of other species including human2s.
In the latter there is enough exposed endometrium
in spite of the pn'sence of an IUCD (such as the
Lippes loop, Hall-Stone stainless steel ring and
Zipper nylon ring), but even then pregnancy does not
usually occur.

Nevertheless, this view has found support from
time to time. lI!1cytr78 observed that when a silk
suture was placed either in the upper middle or lower
one-third of the rat uterine horn, implantation did
occur in 25-40 per cent cases. If the suture is
inserted from the mesometrial to the anti-mesometrial
surface at one point only, implantation was not
prevented. This suggests that maximum contact
of the foreign body with the endometrium is neces­
sarv to prevent implantation. Similarly, in rabbits
Ledger rI al.a noted that complete prevention of
implantat ion is achieved ill the area of the endo­
metrium with which a device is in intimate
contact.

Role of cervix - Speilburger and Olewine102 reported
that a silk suture inserted in the cervical region of rats
reduced the number of implantations and caused
foetal degeneration. However, ill women, IUCD has
no effect on the cervical mucus20,I03, or histology
of the cNvix99.

Mode of Action of IUCD and
Post-Insertion Bleeding

Early studies by MeyerlOi and recent studies by
Willson et al.84 and Israel and Davis99 in women, and
Kar and Chandra1os,Io6 in rhesus monkeys, revealed
certain vascular and other changes in the endo­
metrium during the IUCD po,;t-insertion bleeding
episodes. These changes arc virtually alike in both
species and consist of edema and congestion of the
superficial layers of the endometrium; patchy to
marked denudation of the surface epithelium;
development of large thin-walled vascular channels
in the superficial layers which do not bulge
over the surface nor show signs of rupture;
passage of blood (and probably al~o lymph) f~om
these channels into lumen, partIcularly notice­
able at places where the surface epithelium has
denuded; passage of blood from capillaries and
probably also lymph focally in the stroma; compr~s­

sion of the endometrium at places without necrOSIS,
and with or without ulcerogenicity; and occasional

presence of a debris of denuded epithelial cells. blood
and lymph in the lumen. Similar changes have been
observed in the endometria of sexually immature
rhesus monkeys which also show such uterine bleeding
after insertion of IUCD106. This suggests that the
stimulus provoking bleeding acts directly (from the
IUCD) on the endometrial vasculature and not
via any hormonal mechanisms. On biochemical
groundsl6,I7,107,108 it appears that this stimulus is
temporary, mild trauma to the endometrium. This
is suggested particularly by a transitory rise in the
oxygen consumption of the endometrium without any
disturbance in its basic metabolic pattern. The
nature of such vascular changes appears to be similar
to those occurring in the blood vessels of a tissue
under trauma. The post-insertion bleeding in women
and in rhesus monkeys may indeed be traumatic.
If this is so, it is conceivable that in the provocation
of such vascular changes by the IUCD leading to
bleeding, a transitory histamine surge may be
involved at some stages109. It is also possible that
the significance of an increased oxygen level is to
dispose off such traumatically liberated histamine
by oxidation. As pointed out before, histamine
has been implicated in the mode of action of the
IUCD".

Conclusion
From a critical consideration of the currently

available knowledge, it appears that IUCD prevents
pregnancy by acting simultaneously and synchronous­
lyon several vulnerable points in the reproductive
mechanisms. A similar mode of action has been
envisaged for the steroidal contraceptives47. It has
been possible to achieve effective contraception with
some of the progestational steroids through a
dissociable action on a particular point of impact;
this is done by simple dosage manipulationllo. By
such wilful dissociation, the ' load' on different points
of impact may be evenly disturbed during the
prolonged periods of the use of a contraceptive
with minimization of chances of disruption of the
homeostatic reproductive mechanisms. It may be
possible to develop IUCDs of suitable design and
material which would act in such dissociable manner
with better efficacy and minimum of side effects.
Further knowledge about their mode of action may
help to realize such possibility.

Summary
In different species, the intrauterine contraceptive

devices (IUCD) influence different points in the
reproductive mechanisms like ovulation, corpus
luteum function, sperm transport, tubal passage of
ova, fertilization and implantation. Even a parti­
cular process like implantation may be affected
through multiple pathways like ovo-endometrial
maturation, uterine luminal fluid milieu, decidualiza­
tion, myometrial contractility, neurogenic factors,
inflammatory changes in the endometrium, coverage
of endometrial surface, and cervical alterations.
No common primary point of impact has been identi­
fied in the reproductive mechanisms to explain ~he
mode of action of IUCDs in different specIes.
Accordingly, it is not unlikely that the devices
prevent pregnancy by acting simultaneously and
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synchronously on several vulnerable loci in the
reproductive mechanisms.
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Brain Gangliosides
ERNST KLENK"

Physiologisch·Chemischcs Institut, University of Cologne

Neuraminic acid was found to be a biological1y
interesting substancl'. It participates in several
immunological reactions. Thus, Klenk and co­
workers24-28 could show, after Hirst, and Burnet
and coworkers had done some pioneering work,
that N-acetyl-neuraminic acid acts as the re­
ceptor site for influf'nza virus in virus haemag­
glutination. N-Acetyl-neuraminic is a component
of surface mucoids of the erythrocytes. Influenza
virus has an enzyme (receptor destroying enzyme,
later named neuraminidase) which hydrolyses
N-acetyl-neuraminic acid, leaving erythrocytes,
which are no longer capable of agglntinating.

The human blood group substancf'S M and N are
also neuraminic acid containing mucoids. The­
enzymatic release of the N-acyl df'rivative abolishes
their reactivity towards their antibodies29-3l.
According to FaillaI'd and coworkers32, the activity
of the intrinsic factor required for the absorption
of vitamin B12 depends on the presence of N-acetyl­
neuraminic acid. Here again the activity is lost
after enzymatic hydrolysis of N-acetyl-neuraminic
acid.

Mainly three groups of workers lwve contributed
in the recent 6-7 years to structure elucidation of
gangliosides - Kuhn and coworkers in Heidelberg,
Klenk and coworkers in Cologne and recently
Mccluer and coworkers in USA. This task proved
to be not very simple. The most interesting brain
gangliosides are present as complex mixtures.
Their separation into components was beset with
several difficulties. After thin layer chromato­
graphy permitted easy identification of the different
components, new perspectives for a snccessful solu­
tion of the problem were opened.

Gangliosides, with a very simple structure, are
present in erythrocytf's of several animals. They
were isolated for the first time from horse erythro­
cytes by Yamakawa and Suzuki33. Structural
studies by Padberg2 and Klenk and Padberg34 led to
structure III.

Neuraminic acid can be easily cleaved off by mild
acid hydrolysis, yielding N-glycoh'l-neuraminic acid
and a cerebroside with lactose instead of galactose.
On hydrolysis using slightly strongt·r acid, galactose
is released from this lactoccrebm.;ide yielding a
glucocerebroside. The latter difff'rs from brain
cerebrosides in having glucose in place of galactose.
It is remarkable that glucocerebrosides occur in

T HE gangliosides were discovered some thirty
years ago. While investigating some lipid
storage diseases of the brain, the author

obtained this new type of sphingolipids for the
first time. Lipids are stored particularly in the
ganglion cel1 but also to some extent in the glia
cells. One of these diseases is the Niemann-Pick
disease with excessive lipid deposition not only in
nervous tissues but also in other organs. Another
disease is infantile amaurotic idiocy, type Tay­
Sachs, the lipid depositions in this case being"
limited to the nervous tissue. Sphingomyelin has
been obtained as the predominant stored lipid in
Niemann-Pick disease7. In Tay-Sachs disease, how­
ever, a hitherto unknown sugar cont;:icing lipid
represents the accumulated substancE-8.U This sub­
stance differs from cerebrosides in its water solubi­
lity, acidic properties, intensive purple colour forma­
tion with Bials orcinol reagent and the formation of
appreciable amounts of humin substances on acid
hydrolysis. Earlier7, a lipid with the same properties
was isolated from Niemann-Pick brains, though in
smaller amounts. Similar lipids are also present
in norm:ll brain, although in smaller amounts.
These compounds were given the name gangliosides
by the authorlo. The characteristic behaviour
which includes the typical Bial reaction and humin
formation is due to the presence of neuraminic
acid, which the authorll isolated for t he first time in
1941 as its well-characterized crystalline me-t hox~'­
glycoside.

Subsequent studies showed that neuraminic acid
is widely distributed in the animal kingdom. It is
conjugated with many proteins, particularly in
submaxillary mucins. Klenk and Lauenstein12 were
also able to obtain from this source a methylglyco­
side identical with that isolated from gangliosides.

Gangliosides as well as mucins contain the acetyl
and sometimes the glycolyl derivatives of neura­
minic acid. These acyl derivatives are often
referred to as sialic acids. Ten years after the
discovery of neuraminic acid this name was sug­
gested by Blix et al.13 for a substance obtained many
years earlier by Blix14 in trace amounts from sub­
maxillary glands; he believed it to be a hexosamine
containing disaccharide. But neither he nor others
were able to prepare in the meantime this compound
again, the nature of which was doubtfnl. 'Ill<'
wel1-characterized N-acetyl-neuraminic acid was
first obtained by Klenk and FaillardlG and one
year later by Blix et al.16,17.

Neuraminic acid represents an amino acid closely
related to the simple sugars. Work on structure
elucidation, in which several laboratories18-23 were
involved, led to the conclusion that this acid re­
presents a condensation product of pyruvic acid
and mannosamine (I and II).

'With the cooperation of W. Gielen, K. Kener, G. Padberg,
H. Wicha, W. Kunau. U. Liedtke. L. Hof and L. Georgias1-'.
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Morb·us gaucher. This lipidosis is characterized by
extensive depo,;itions of this glucocerebroside in
many organs, such as spleen and liver. Presumably,
gangliosides are somehow involved in the metabolic
disturbance of this lipidosis.

Further insight into the structure of gangliosides
was obtained by periodatc oxidation. Periodate
cleaves C-C- bonds of compounds with vicinal
hydroxyl groups. Periodate treatment of this
ganglioside leads to the oxidation of a glucose
moiety and of N-acetvl-neuraminic acid. Galactose
which lacks a free glycol group is not attacked.
Hydrolysis of the periodate treated ganglioside
releases galactose but no glucose. The final proof
for the mode of the linkages between the com­
ponents was obtained on permethylation. On
hydrolysis of the completely methylated ganglioside
3-methylsphingosine, 2,3,6-trimethylglucose and
2,4,6-trimethylgalactose were obtained.

A ganglioside with similar structure was isolated
by Klenk and Heuer35 from dog erythrocytes, but
it was found to contain N-acetyl-NA instead of
~-glycolyl-NA. The same ganglioside is also pre­
sent in the ganglioside mixture of normal brain36,37.

The structure of another ganglioside has been
elucidated (IV). This ganglioside represents the
main component of the gangliosides from brain in
Tay-Sachs disease38. The ganglioside fraction iso­
lated from Tay-Sachs brain differs from that of the
normal brain in its rather homogeneous behaviour.
This substance can also be obtained from the
ganglioside fraction of the normal brain. It was
the first brain ganglioside to be isolated in a fairly
pure form39,40. Its structure differs from those of
the ganglioside, mentioned earlier in that position 4
of the galactose moiety is substituted by one
~-acetyl-galactosamine molecule, forming the termi­
nal sugar moiety. The structure has been derived
from the following degradation studies: mild acid
hydrolysis releases a glucocerebroside and an hexos­
amine containing disaccharide, the latter being com­
posed of one molecule of galactose and one molecule
of N-acetyl-galactosamine. Periodate oxidation of
this ganglioside decomposes gluco£e and galactos­
amine. The only hexose released by hydrolysis is
galactose. Finally, the permethylation method yields

IV Gangllasiar Al
ro,/- SoeM "ganglioside

2,3,6-trimethylglucose, 2,6-dimethylgalactose and
3,4,6-trimethylgalactosamine. The linkages of the
substituents in positions 3 and 4 of galactose were
not conclusively determined. Since the N-acetyl­
neuraminic acid residue is linked to carbon atom 3
in a number of gangliosides from horse erythrocytes,
it is safe to assume this mode of linkage also for
the ganglioside in Tay-Sachs disease. Experimental
evidence has been obtained recently by Ledeen and
Salzman41 for this.

The two additional gangliosides representing the
two major components of the ganglioside mixture
from brain have structures V and VI. These
structures have been elaborated by Klenk and co­
workers38,42. These findings were shortly thereafter
confirmed by the group in Heidelberg43,44 in all
essential details. One of the two gangliosides
(A., V) differs from the Tay-Sachs ganglioside in
having an additional galactose residue linked to C-3
of N-acetyl-galactosamine. In ganglioside B

1
(VI),

a second N-acetyl-neuraminic acid molecule is keto­
sidically linked to C-3 of the terminal galactose.
The carbohydrate moiety of this ganglioside contains
two galactose molecules, each of which is substituted
at C-3 by NANA.

Svennerholm and Raal45 reported the occurrence
of gangliosides with more than one NANA mole­
cules and Kuhn and coworkers46 that of gangliosides
with glucose: galactose: galactosamine molar ratio
1 : 2: 1.

Neuraminidase releases one of the two NANA
residues of this ganglioside, the one marked by an
arrow (linked to the terminal galactose). Thus
ganglioside B1 is transformed into A•.

The structure of these two gangliosides has also
been elucidated by hydrolysis studies. Mild acid
hydrolysis releases besides the glucocerebroside,
two disaccharides: N-acetyl-amino-galactosyl-galac­
tose and ~-D-galactosyl-l,3-(N-acetyl-)galactos­

amine47• The first one is obtained only in minute
amounts, whereas the second disaccharide, a crystal­
line, well-characterized componnd, is isolated in
good yield. Here again periodate treatment of the
ganglioside destroys the glucose molecule.

The mode of linkage between the components of
the carbohydrate complex was determined by perm­
ethylation studies. Release of the two neuraminic
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acid molecules by mild acid hydrolysis yields
the neuraminic acid-free glycolipid. The totally
methylated substance yields the following products

.after acid hydrolysis: 2,3,6-trimethylglucose,
2,3,6-trimethylgalactose, 4,6-dimethylgalactosamine
and 2,3,4,6-tetramethylgalactose. Therefore, the
four hexose molecules are linked together in a linear
arrangement to a tetrasaccharide with one of the
two galactose molecules in terminal position.

Among the products of hydrolysis of permethy­
lated ganglioside A2, 2,6-dimethylgalactose replaces
2,3,6-trimethylgalactose, the other methylated
hexoses being the same as before. Thus, the neur­
aminic acid residue resistant to enzymatic hydrolysis
is linked to position 3 of the central galactose.
Finally, permethylated ganglioside B, yields the same
methylated sugars as A2, except that in place of
tetramethylgalactose, the 2,4,6-trimethyl compound
is present. Therefore, the N-acetyl-neuraminic acid
residue, which can be hydrolysed enzymatically
from ganglioside B" is linked to position 3 of the
terminal galactose.

Ganglioside preparations obtained from normal
brain also contain smaller amounts of other hexos­
amine containing gangliosides. Two of these were
described by Kuhn and Wiegandt43,44. They proposed
structures VII and VIII for these compounds. One
contains two and the other three N-acctyl-neur­
aminic acid molecules. In both compounds two of
three residues are linked to each other by a 2,8-keto­
sidic linkage. These two gangliosides have recently
been isolated and investigated more closely48. The
two compounds are transformed into ganglioside A2
by the action of neuraminidase (ganglioside C,
yield ing one. of the two and C3 two of the three
neur aminic acid residues). The loci of the fissions

80

are indicated by arrows. The observations are in
agreement with Kuhn's suggestion.

The structure was confirmed by permethylation.
Ganglioside C, yielded the same methylated sugars
as ganglioside A2, C3 the same as ganglioside B,;
ganglioside C, yields tetramethylgalactose, but
ganglioside C3 gives 2,4,6-trimethylgalactose.
Periodate oxidation proved that in ganglioside C,
the second N-acetyl-neuraminic acid molecule is
linked to position 8 of the first; only the terminal
molecule is degraded, the other being not attacked.
Mild acid hydrolysis of this ganglioside during
which products of hydrolysis leave the acidic
medium by dialysis leads to the isolation of a
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releases 2,4,6-trimethylgalactose after hydrolysis,
which confirms structure IX.

The similarity between this ganglioside and the
brain cerebrosides is also evident from the fatty
acid composition. It contains stearic acid and
other higher homologues and in addition large
amounts of a-hydroxy fatty acids of the cerebronic
acid type. Moreover, the sphingosine fraction is
almost exclusively represented by C:ts-sphingosine,
as in the case of cerebrosides. Most of the brain
gangliosides contain a mixture of C18- and C20­

sphingosines.
Although gangliosides of this kind are present

in the brain in very small amounts, they mIght
prove to be important in the process of myelin
formation.

A compound containing three galactose and two
NANA residues was also found and investigated by
Klenk and Gielenu in detail. The action of
neuraminidase produces a glycolipid with the struc­
ture X. Partial hydrolysis yields a ~-galactosyl-

galactose and galacto-cerebros!de: . . .
It is obvious that the ganglIosldes exhIbIt a WIde

variety of structures; particularly the hydrophilic
groups may undergo variations. The hydrophobic
group of the gangliosides, how~ver, possesses
astonishing simplicity. Thus, ~ram ganghosld~s

usually contain only one fatty aCId, namely steanc
acid. In this respect, gangliosides differ from
cerebrosides and sphingomyelin, both having ~he

same hydrophilic group, namely phosphor~lcholme

and galactose respectively. The hydrophobIc group­
varies considerably due to the larger number of
fatty acid residues. It is probable that cerebrosides
and sphingomyelins have functions in r:ervous
tissue, which differ from those of the ganghosldes.
Cerebrosides and sphingomyelins are components of
the myelin sheath, the gangliosides ilred?minantly
of the myelin-poor grey matter. It IS hkely that
they are localized in some peculiar membrane struc-
tures of the ganglion cells. .. .

There are indications that ganghosldes are dIrectly
correlated to the nerve functions, more than any
other sphingolipids. van Heyningen50 and v,:n
Heyningen and MiIler5l showed that tetanus toxm
binds specifically to gangliosides. McIlwain52 postu­
lated gangliosides being respons.ible for the el~ctncal
excitability of the nervous tissue. Accordmg to
recent reports53,54, gangliosides act as receptors for
acetylcholine, which transfers the pulses from one

CHZ_°tJH OM

o H

HO H

CH 2 ?H

JI. co,
NH
I

R
/
· CH=CH' CtHOH)-CH

disaccharide consisting of two N-acetyl-neuraminic
acid molecules, which can be easily hydrolysed
enzymatically to free N-acetyl-neuraminic acid.
With regard to the structure of ganglioside C3 ,

another possibility, for the linkage of the two
~-acetyl-neuraminic acid molecules exist>, namely
thev are bound to the terminal and not to the
central galactose re,idup..

To exclude this possibility, ganglioside (3 was
oxidized by mild periodate oxidation, which de­
graded the two terminal neuraminic acid residues.
The glucose residue is not attacked because the free
glycol groups have threo configuration. Periodate
preferably attacks those with erythro configuration.
This oxidation product was reduced with NaBH4
and was prone to the neuraminidase action yielding
ganglioside A2.

Two of the other hexosamine containing ganglio­
sides C~ and C4 havp. been isolated4s. Both yield
ganglioside A2 after neuraminidase treatment.
Ganglioside (2 is an isomer of ganglioside (3' con­
taining three neuraminic acid molecules. It differs
from ganglioside C3 in that the terminal galactose is
destroyed by periodate oxidation. Ganglioside C4
probably contains 4 neuraminic acid residues, being
linked in pairs to position 3 of the two galactose
residues. Gangliosides C2 and C4 are present in
very minute amounts. Due to their availability in
minute amounts, their structures could not be
determined.

Besides the glucose and lIexosamine containing
gangliosides discussed above, there are also brain
gangliosides which contain galactose as the only
sugar. Galactose is immediately attached to the
sphingosine as in the case of brain cerebrosides.
Klenk' and Georgias37 have recently isolated and
examined a ganglioside, or rather a ganglioside frac­
tion, with the structure IX.

Structure IX resembles the structure of an otdi­
nary cerebroside with N-acetyl-neuraminic acid
linked to position 3 of the galactose molecule; in
other words, it is an N-acetyl-neuraminosyl-galaeto­
syl-[N-acyl-] sphingosine. This is the simplest
ganglioside known. A simple cerebroside can be
easily obtained from this compound by the action
of neuraminidase. The galactose moiety is not
destroyed by periodate oxidation. Therefore, neura­
minic acid must be attached to position 3 of the
galactose residue. Also the methylated ganglioside
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cell to the other. One of the gangliosides'5 has been
assumed to be the receptor for serotonin. Finally,
the lethal action of influenza virus during infection
of the brain has been interpreted in such a manner
that the receptor destroying enzyme neuraminidase
alters the brain gangliosides in the same way as
described earlier'6.

Summary
The isolation and structure elucidation of various

brain gangliosides, including those containing more
than one NANA or galactose molecule, have been
reviewed. Gangliosides are found to be the pre­
dominant components of the myelin-poor grey
matter and are presumed to be localized in some
peculiar membrane structures of the ganglion cells.
Their functions are shown to be more directly
correlated to the nerve functions than any other
sphingolipids.
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REVIEWS
THEORY OF LINEAR ACTIVE NETWORKS by E. S.

Kun & R. A. Rohrer (Holden-Dav Inc., San
Francisco), 1967. Pp. xii+650. PrIce $ 19.25

Due to the advent of semiconductor devices and
their applications in electrical engineering, the usc
of acti ve networks in various forms has rapidIy
advanced during recent years. The study of the
theory of linear active networks has, therefore,
formed an integral part of the syllabus of courses
in electrical engineering. There is, however, a
pressing demand for suitable text-books on the
subject for the undergraduate and postgraduate
students in engineering. The present volume
written by the competent authors is, therefore, a
most timely gift to the students of engineering as
well as to the practising design engineers. 'The
thorough and exhaustive treatment of the subject
by the authors in the twelve chapters of the book
has made it equally valuable to the teachers dealing
with these subjects.

Starting with clear definitions of the various
features of n-port networks in the first chapter, the
authors have established a strong background for
the readers to c10selv follow the functional charac­
teristics of such networks presented in the following
chapters. The sixth chapter on scattering matrix,
although brief, is adequate for following the ana­
lysis of coupled networks for single frequency and
broad band behaviour included in the subsequent
chapters. In the later chapters the authors have
profitably dealt with the recently discovered active
networks comprising tunnel diodes and parametric
amplifiers, which cannot be ignored by any serious
student of electrical engineering.

The last two chapters have heen extensively
devoted to the theory of single feedback amplifiers
and multiple-loop feedback systems. The stability
condition for such amplifiers has been derived on
the basis of weB-known Bode's design theory and
Nyquist plots.

The authors have provided copious illustrations
and problems at the end of every chapter along
with a series of useful references of books and
original papers including their own contributions
and publications which are already known as
standard works in the field of electrical engineering.
The book is expected to be an indispensable com­
panion of the present and future generations of the
engineering graduates.

S. S. BANERJEE

PROGRESS IN REACTIO,N KINETICS: Vol. 4, edited
by G. Porter (Pergamon Press Ltd, London).
1967. Pp. vii+523. Price 100s.

This is the fourth volume of the series on Progress
in reaction kinetics. It contains ten authoritative
reviews on some new features of gas-phase reactions,
photochemical reactions, proton-transfer reactions
and electrode reactions.

There is emphasis on the quantitative reaction
kinetics aspect in the first three reviews. The first

review by Brocklehurst and Jennings deals with
recent quantitative studies on reactions involving
free nitrogen atoms. The next four reviews cover
free radical reactions. I<eliable kinetic data on the
reactions of halogenomethyl radicals have been
examined by Tedder and Walton in the second
review. Radical-radical reactions, radical transfer
reactions and radical addition reactions have been
covered.. Rate constants of reactions involving
alkoxy radicals (RQ) have been discussed by Gray,
Shaw and Thyune. Heterolytic cleavage and con­
sequent formation of carbonium ion is possible in
the gas-phase reactions and this interesting aspect
has been reviewed' by Allan Maccoll and Thomas in
the subsequent review. The next four reviEWS deal
with one or the other aspect of photochEmical re­
actions. Cundale and Davies have reviewed the
primary processes in the gas-phase photochemistry
of carbonyl compounds. The theoretical concepts
for understanding the mechanism and rate of radia­
tionless energy transfer have been peseribed by
Bennett and Kellog. Fluorescence lifetimes of
aromatic molecules have been reviewed bv Birks
and Munro. Methods of measurement ha~e been
discussed and the experimental data for lifetimes·
in solutions and that for the crystal has been tabu­
lated. Vassilt~v has emphasized three aspects of
liquid-phase chemiluminescence in his review. Apart
from the study of the phenomenon as such, use of
chemical energy for obtaining excited molecules and
the application of chemiluminescence as a means
for studying the kinetics and mechanism of re­
actions has been discussed. Proton-transfer re­
actions are discussed by Albery in the next review
which deals with interesting investigations to under­
stand whether the proton is transferred via an
Hp bridge or not. The last review on chemical
factors' in electrode kinetics has been written by
Conway.

The standard of each review is quite high. The
reviews are timely. The volume would be useful
for research workers in the field of chemical kinetics.
Since the reviews are addressed to specialists,
chemists in general cannot derive much benefit.
However, the volume should find a place in libraries
of universities and research institutes.

R. P. RASTOGI

ADVANCES IN HETEROCYCI.IC CHEMISTRY: Vol. 7,
edited by A. R. Katritzky & A. J. Boulton
(Academic Press Inc., New York), 1966. Pp. xiv
+511. Price $ 22.00

Volume 7 of Advances in heterocyclic chemistry
contains seven chapters; three on general topics
and four on specific groups of heterocyclic com­
pounds. Katritzky and Boulton have compiled a
most valuable bibliography of the literature on
heterocyclic chemistry, arranged in a logical order'
based on ring size, the number, orientation and
nature of the heteroatoms, and the degree of un­
saturation. In addition, there is a list of general
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sources and articles covering groups of natural and
synthetic compounds.

The chapter on mass spectrometry bv G. Spiteller
will be of great assistance to workers on the struc­
tures of heterocyclic natural products. After a brief
but clear account of basic principles, the fragmenta­
tion patterns of furans, pyrones, pyrans and sul­
phur-containing compounds are discussed. The
mass spectra of alkaloids in particular are discussed
in great detail, mainly because of the wide and
successful application of mass spectrometry to
alkaloids. Although there is a book on the subject
by H. Budzikiewicz, C. Djerassi and D. H. Williams,
the present a<;count provides a very useful summary
and supplement.

J. J. Eisch has discussed the preparation of
halogen derivatives and the mechanistic aspects of
the halogenation of heterocyclic compounds.

In the chapter on 1,2- and 1,3-dithiolium ions,
H. Prinzbach and E. Futterer survey an area of
very recent development.

G. Scheibe, whose work on the absorption spectra
of cyanine dyes is well known, has written on
diquinolylmethane and its analogues, jointly with
E. Daltrozzo. Following a brief account of syn­
thetic methods, the chapter deals with tautomerism
and reactions at the methylene carbon and nitrogen
atoms.

A. Hetzheim and K, Mockel have reviewed recent
advances in 1,3,4-oxadiazole chemistry. The section
on uses is specially valuable; it is highly condensed,
but reviews all patents and scientific literature on
1,3,4-oxadiazoles in the synthesis of drugs, dyes,
polymers, etc.

P. Bosshard and C. H. Eugster survey the de­
velopment of the chemistry of furans from 1952 to
1963, of great interest to workers on natural products
because of the wide occurrence of the furan ring
system. The chapter, which has over 450 refe­
rences, concludes with a list of naturally occurring
furans.

K.V.

ADVANCES IN HETEROCYCLIC CHEMISTRY; Vol. 8,
edited by A. R. Katritzky & A. J. Boulton
(Academic Press Inc., New York), 1967. Pp. xiv
+404. Price $ 19.00

Volume 8 has been produced more quickly than
the earlier volumes and the literature has been
<:overed through early 1966. For some reason
not easy to understand, Volumes 7 and 8 have
no subject index. A notable feature is that ten of
the fifteen authors are from Eastern Europe ,and
one is from India; another is that there are many
references to Indian workers. Four of the eight
<:hapters deal with specific groups of compounds,
and the others with general reactions.

J. M. Tedder, whose method for the direct intro­
duction of the diazonium group into phenols, pheno­
lic ethers and tertiary aromatic amines is a major
advance in the chemistry of azo compounds, has
discussed the preparation and properties of hetero­
<:yclic diazo compounds. Their light-sensitive pro­
perties have been used in recent years for two
ilifferent photoreproduction processes, and the last
section outlines the relevant patents.
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J. Pliml and M. Prystas have described the scope
and limitations of the reaction of 2,4-dialkoxypyri­
midines with halogenoses (the Hilbert-Johnson or
Hilbert-Rist reaction) and have compared it with
other methods for the svnthesis of nncleosides and
their derivatives. TheyJ conclude that it is a suit­
able complementary method.

In a short chapter of 20 pages, B. S. Thyagarajan
gives a very clear account of Claisen rearrangements
in nitrogen heterocyclic systems.

Reiche's important work on cyclic peroxides and
related reactions are discussed by two of his col­
laborators (M. Schulz and K. Kirschke). Since
ozonides and photo-oxides belong to this class, a
review of their chemistry is of wide general interest.

Except for a review in an inaccessible Polish
jO:lrnat, F. D. Popp and A. C. Noble have written
the first review of the diazepines, a heterocyclic
group which has excited great interest because of
the discovery of librium (chlordiazepoxide). The
fantastic sale value of this tranquil1izer has sti­
mulated intensive research on alternate synthetic
methods and the preparation of analogues. The
chapter contains 330 references and gives a com­
prehensive account of most of the known diazepines
at some sacrifice of readability; a fuller discussion
of the mechanism of the reactions, some of which
involve novel rearrangements, leading to the medi­
cinally important diazepines, and a discussion of
the relation between structure and pharmacological
properties would have bf'en welcome.

M. Ionescu and H. Mantsch have reviewed recent
advances in the chemistry of phenoxazines. Dyes
of this class are among the oldest synthetic dyes,
but the renewed interest because of the discovery
of many naturally occurring and biologically active
phenoxazines justifies the inclusion of this chapter,
which gives an excellent summary of our present
knowledge of preparative methods and properties.

Monocyclic sulphur-containing pyrones (thia­
pyrones) are reviewed by R. Mayer, W. Broy and
R. Zahradnik. Most of the compounds, listed in
six tables, were synthesized recently. An account
of the synthetic methods is followed by a stimulat­
ing discussion of physical properties and chemical
reactivity against a background of quantum chemi­
cal calculations.

K. H. Wunsch and A. J. Boulton have reviewed
indoxazenes and anthranils, benw derivatives of
isoxazoles. The known compounds are listed in
18 tables, and the chapter is invaluable for reference
purposes.

K,V.

PROBLEMES ACTUELS DE BIOCHIMIE ApPLIQUEE:
Vol. 1, edited by M. L Girard (Masson et Ci"
Publishers, Paris), 1967. Pp. vi+368. Price 90 fro

The present series is an attempt to bridge two dis­
ciplines - clinical medicine, with its patients and
problems of diagnosis. and biochemistry, which is
every day offering new possibilities for diagnosis and
follow-up of clinical conditions.

Volume 1 of the series contains seven review
articles. The subjects are: (i) Exchange of gases in
lungs and in cells and its role in the maintenance of
acid-base equilibrium; (ii) Estimation of ammonium
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ion and its applications in biology and medicine;
(iii) Serotonine; (iv) Paper electrophoresis; (v) Meta­
bolic errors of carbohydrate metabolism - analytical
problems in their study; (vi) Biochemistry and im­
munochemistryof myelomas and paraproteinemias;
and (vii) Problems of dehydration in the infant.
They have been written by people actually engaged
in the area, who are conversant with both the
clinical aspect as well as with laboratory investiga­
tions. Each review summarizes, in the first instance,
the basic academic background of that topic and
later gives, in great detail, the methods used in
clinical investigation and their interpretations. The
diagnostic value of a test is evaluated statistically
on the basis of patients examined by the authors.
Useful inclusions in the text are the difficulties and
slips encountered in the standardization of a method.
These details render the book particularly beneficial
for practical work in a clinical laboratory.

The treatment of subjects in the different reviews
would be evident from a typical example. The
review on myelomas and paraproteinemias, written
by F. Rousselet, gives first the definitions of terms,
then the current notions on the structure of immuno­
globulins and their classification, which, incidentally,
has been done in a remarkably clear manner without
any sacrifice of precision or accuracy of facts. Then
follows a section on the variety of biochemical tests
which can be employed for the diagnosis of myelomas.
'The degree of dependability of each test with its
upper and lower limits has been mentioned on the basis
of 111 cases seen by the author himself, besides the
deductions permissible from two other series of cases
examined by other investigators. The methods of
choice are then mentioned in full detail with pre­
cautions and counter-indications. The author gives
the commercial source of reference antisera, but also
describes the procedures employed by his laboratory
to prepare the same in view of the high cost of the
antisera from commercial sources. After detailing
the procedures and techniques, the author gives the
findings in a number of typical cases illustrated
with the immunoelectrophoretic patterns of the
patient's sera. Finally the author discusses situations
where a test may be indicative, while the disease is
not yet apparent (latent period or non-specific
manifestations) and also the rare situations where the
clinical condition is present without the abnormal
results of biochemical and immunochemical tests.

The book is essentially of a practical nature and
that is where the principal value as well as the
limitation of this treatise lie. The book is in French
and it is adequately illustrated with fignres and data.
It should be useful to most clinicians, pathologists
and biochemists in medical colleges and hospitals
and should, in any case, be a part of libraries of
all medical colleges and hospitals.

G. P. TALWAR

PROCESSING OF POLYESTER-COTTON BLENDS by
G. G. Kulkarni & S. S. Trivedi (Ahmedabad
Textile Industry's Research Association, Ahme­
dabad), 1967. Pp. 151. Price $ 6.00 or Rs 27.00

Kulkarni and Trivedi's book, Processing of polyester­
cotton blends, has a nice get-up and the printing is
.good. The whole approach to the writing of the

book appears to have been conceived on sound lines.
The authors need to be congratulated.

Chapter I deals with the properties of fibres and
fibre blends. Various tables provided in this chapter
are useful, though the authors could have included
the original sources of references in these tables.
Also, the description of the quantitative chemical
analysis of mixtures of polyester fibres with cotton
is too scanty and is not sufficiently authoritative.

Chapter II deals with sizing; the approach and
general principles of sizing have been well covered.
The authors explain in the preface that the book
has been written with a view to bringing together
their own experience in Ahmedabad mills. How­
ever, beyond well-known generalizations, there does
not seem to be any specific reference to local
experience.

Chapter III deals with bleaching and finishing
and the authors must be commended for the excel­
lent treatise given to the subject of heat setting.
The mill technologist will find this chapter of parti­
cular value. There is also a useful treatise on
pilling but, unfortunately, modern trends in re­
searches in this subject are not properly covered.
Durable press finishing, finishing for antistatic effects
and the new Du Pont CHC process for improving
visual and tactile properties of blended fabrics have
also been discussed. It is obvious, however, that
the authors have a very limited experience in these
fields.

Chapter IV deals with dyeing. The broad genera­
lized aspects of fibre plasticization and high tem­
perature dyeing have been covered adequately.
Here again, one would have liked the authors to be
more specific about Indhn experiences, the types of
equipment available in IncU" and general guidelines
to the technologists who are called upon to work
in the Indian setting.

Chapter V deals with printing and one is happy
to note the authoritative trend in the description
of various printing steps and the recommendations
made.

The book will be fonnd useful for students and
technologists on the floor-shop. To the researcher,
it is a useful starting point.

V. B. CHIPALKATTI

MODERN FOUNDATION METHODS by Rolt Hammond
(Oxford & IBH Publishing Co., Calcutta), 1967.
Pp. viii+ 176. Price 52s.

This book on Modem fOllndation methods is off
the beaten track. Most recent publications on
foundation engineering tend to deal almost exclu­
sively with theoretical soil mechanics and laboratory
tests on soils. Practical applications and the
problems encountered ·in the field do not receive
the attention that they deserve. In their effort
to idealize soil behaviour, most authors overlook
to emphasize that foundation engineering is as
much an art as a science.

This book with its pronounced practical bias
ought to act as a corrective to this attitude. It
deals with various techniques employed in modern
foundation practice and the features of each tech­
nique are clearly explained by means of illustrations
drawn from actual practice. The principles of soil
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P. R. PISHAROTY

mechanics and the need for scientific soil exploration
are stressed in the beginning. The second chapter
deals with grouting techniques. The colcrete and
prepakt processes arc discussed in some detail.
There are four chapters devoted to pile foundations.
These discuss driven, cast in-place large-diameter
bored piles and vibratory methods of piling. A
complete chapter is devoted to vibration-controlled
machine foundation. Case histories are given. The
concluding chapter discusses special foundation prob­
lems. The practising engineer and the consultant
.will find the book to be of absorbing interest.

G. S. R~MAS\VAMY

COMPLETENESS OF SCIE,NCE by Richard Schlegel
(Appleton-Century-Crofts Inc., :\'ew York), 1967.
Pp. xi+280

Like some of the Indian Upanishads dealing with
the qualities of the alman, the author, a Professor
of Physics at the Michigan State University, dis­
cusses the question whether physical sciences possess
the quality of completeness. Although he has not
come to any definite conclusion, the discussions arc
profound and illuminating. The various relevant
thoughts expressed in the past, b~1 creative and
scholarly scientists, have been critically reviewed
and commented upon.

The book is divided into fourteen chapters.
Chapters 6-12 respectively deal with concepts of
infinity, cosmology, decisions in cosmology, the
natural limits of description, the observer in
quantum physics, criticisms of quantum theory
and the atomic finitude in nature. These are well­
written 'status reports' on the corresponding
aspects of mathematical and physical sciences.
Chapter 1 is an introductory chapter enunciating
the problems. Five of the other chapters are on:
a philosophy of science, complete description in
science, completeness and limitations of science,
completeness and explanation, and the Godel
incompleteness theorem. They deal with the
philosophy of science and the undecidability of
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mathematical logic. The last chapter on the non­
cognitive completion of science deals with the
relation between the humanities, art, religion and
sociology with the physical sciences.

Science is a description of the uni\"Crse as man
experiences it and its understanding through appro­
priate counterparts in physical theory as conceived
by the human mind, and to that extent there is an
inherent incompleteness in science. In addition to
this factor, there arc limitations imposed on science
through logical anf\ mathematical undt-cidability
and through the uncertainties characteristic of the
quantum and the cosmological theories.

The buok provides a thought-provoking reading
for one with a good background of education in
science and with an interest in the philosophy of
science apart from its utilitarian aspects. The
printing and get-up are good. although tlif' reviewer
would welcome the use of a larger and sharper
type.

PUBLICATIONS RECEIVED

INTRODUCTION TO FORTHAN I'ROGRAMMIKG by M. 1\.
Keshava Rao (:\'em Chand & Bros, Roorket',
India), 1967. I)p. xi+224. Price Rs 11.25

VVSLEDKY BANSKEHO \'YZKUMU C.5 (Hornicky
Ustav (saw, Praha 8-Liben), 1966. I'p. 237

ADVANCES IN E"ZYME REGUI.ATION edited by George
Weber (Pergamon Press Ltd, London), 1966.
Pp. xiv+381. Price $ 15 or 105s.

STATIC ELECTRIFICATION: 1967 CONFERENCE PRO­
CEEDINGS edited by A. C. Stickland (Institute
of Physics & Physical Society, London), 1967.
Pp. vi+ 173. Price £ 10

A SYMPOSIUM ON CHEMICAL ADDITIVES IN FOOD
edited by R. W. L. Goodwin (J. & A. Churchill
Ltd, London), 1967. Pp. viii+128. Price 20s.

TRANSITION METAL INTEHME)))ATES IN ORGANIC
SYNTHESIS bv C. W. Bird (Logos Press Ltd,
London), 1967. Pp. vii+280. Price $ 13.00



TABLE 1 - CHARACTERISTICS OF FLASH-PUMPED ORGANIC LASERS.

·600 A. shift in emission band as concentration is increased from 10-' to 10-'
molar.

Solvent

the risetime of the pumping pulse
is long, many of the atoms already
in the excited singlet state will be
converted to the non-lasing triplet
state. Once in this state, thev can
absorb great amounts of energy
at the laser wavelength. The IBM
scientists found that the population
build-up in the excited singlet state
must be achieved very quickly
before this secondary process takes
over. They have described this
requirement in mathematical
terms, which can be used to deter­
mine the needed risetime to achieve
lasing in a particular dye.

The new flash lamp and laser
assembly (Fig. 1) consists of three
basic elements: (i) the active laser
cell. (ii) surrounding flash lamp,
and (iii) a discharge capacitor.
The laser cell is a quartz tube with
polished ends, which contains the
organic dye in a suitable solvent.
This is surrounded by a second
quartz cylinder; a thin space
between the cylinders constitutes
the flash lamp discharge region.
Ring electrodes are placed at
opposite ends of the annulus and
the discharge takes place between
the electrodes in an air-argon
mixture.

A capacitor disc is placed
coaxially over both the cylinders,
and conducting paths to the end
electrodes are made with copper
sleeves over t he outer quartz
cylinder. This arrangement lowers
the lamp inductance, which is a
prime consideration in reducing the
risetime of the pumping pulse.

The new flash lamp-pumped
lasers emit in a broad band about
100 A. wide at varying frequencies.
In all cases, the band can be shift­
ed to the longer wavelengths by
increasing the dye concentration.
Because of the fairly wide band,
there exists the possibility that the
new lasers could be operated in a
phase-locked mode to produce ex­
tremely short bursts of laser light.

Luminescence of alkaline­
earth pyrophosphates

.Alkaline-earth pyrophosphates
when activated with divalent
europium become very efficient

& NEWS

Orange (6015 A.)
Yellow (5850 A.)
Orange
Orange
Red
Green (5500 A.)
Green
Green

Colour and
wavelength of

laser oeam

Fig. 1 - The experimental rainbow laser

because of the wide spectrum of the
flash lamp.

Already four fluorescent organic
dyes of the xanthene family have
been pumped successfully, pro­
ducing green, yellow, orange and
red laser lights (Table I). It should
be possible to achieve lasing action
across the entire visible spectrum
with other fluorescent dyes using
the new flash lamp. In addition,
the emission band of anyone dve
can be ' shifted' by at least 600 A.
by changing the concentration of
the dye.

The search for lasing action
in the many hundreds of untested
organic fluorescent dyes will be
speeded by the IBM finding on the
risetime requirements of the pump­
ing pulse. In most organic dyes.
the energy in the excited singlet
state 'leaks away' very quickly
into a non-lasing triplet state. If

NOTES

Ethyl alcohol
Ethyl alcohol
Water
Heavy water
Ethyl alcohol
Ethyl alcohol
Water
Heavy water

Acridine red
Rhodamine 6G

Dye

Rhorlamine B
Na fluorescein
~a fluorescein
Nail uorescein

Scientists of the International
Business Machines Corporation
have developed a simple liquid
laser which can produce a 'rain­
bow ' of different colours. So far,
green, yellow, orange and red laser
lights have been produced, and
in principle it should be possible
to produce all wavelengths in the
visible and infrared spectrum. The
colour of the beam is changed
simply by refilling the liquid laser
with different solutions of organic
dyes.

Last year IBM scientists Peter
P. Sorokin and J. R. Lankard
observed the first lasing action
in an organic dye - chloro-alumi­
nium phthalocyanine. This dis­
covery presaged lasing in other
organic dyes and a filling of the
visible spectrum with laser light.
However, the initial discovery was
considered somewhat academic
because the organic dye had to be
pumped by a giant-pulse ruby laser.
This is a cumbersome and expen­
sive pumping method, and no
wavelengths shorter than the ruby's
can be produced unless complex
frequency-doubling techniques are
used.

In their studies, Sorokin and
Lankard found that fast pumping
is a necessary condition for lasing
in fluorescent dyes. On the basis
of this finding they developed an
extremely fast flash lamp and
laser assembly which can meet this
stringent requirement. It gene­
rates pumping pulses with a rise­
time of 300 nanoseconds compared
to hundreds of microseconds for the
conventional flash lamps. As a
result, it is now possible to produce
lasing action in many of the dif­
ferent coloured organic dyes easily,

Rainbow laser
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phosphors, emitting deep blue or
ultraviolet light. In contrast to
the more common red and orange
emitting Eu3+ phosphors whose
emission spectrum consists of lines,
the emission spectrum of Eu2+
phosphors comprises bands.

Calcium and strontium, activated
by Eu'+, yield very efficient phos­
phors, but the partial substitution
of Ca or Sr by Ba leads to a
gradual decrease of brightness,
no luminescence being found at
allout 60 atom per cent substi­
tution. The reason is an initial
expansion of the lattice due to the
incorporation of Ba as shown by
X-ray analysis.

The quenching temperature (i.e.
the temperature at which the
brightness decreases to 50 per cent
of its value measured at room
temperature) lies between 125 0

and 200'C. This temperature is
much lower than that for most
Eu3+ activated phosphors.

The Eu2+ activated phosphors
are very suitable for application in
lamps (both low and high pressure
mercury vapour types) for photo­
copying. A definite advantage is
that the peak intensities of the
Eu2+ activated phosphors are such
that their whole emission spectrum
falls within the range of the maxi­
mum sensitivity of the available
photocopying papers. Consequent­
ly, these phosphors make a higher
printing speed possible [Philips
Res. Repts, 22 (1967), 355J.

Photosynthesis of
nitrosoformaldehyde

The transient spectrum in· the
region 2000-2100 A. consisting of
diffuse bands with centres at
2070, 2043, 2023(?), 2000 and
1982 A., observed during the flash
photolysis of methyl nitrite and
previously thought to be that of
methoxyl [McGrath, W. D. &
McGarvey, J. ].. Nature, Land.,
201 (1964), 991; Trans. Faraday
Soc., 60 (1964), 2196J has been
attributed to nitrosoformaldehyde
[Napier,!. M. & Norrish, R. G. W.,
Proc. R. Soc., 299 (1967), 337].

The spectrum was produced by
flashing formaldehyde, acetalde­
hyde, methyl formate or glyoxol
in the presence of nitric oxide'
and excess of nitrogen as coolant.
None of these compounds could
giVI' the spectrum in the absence
of nitric oxide. The spectrum
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given by methyl nitrite-nitrogen
mixture was much more intense
when nitric oxide was added to
the mixture. The spectrum was
not observed when likelv sources
of methoxyl, such as -dimethyl
sulphate. dimethyl sulphite or
dimethyl carbonate, were flashed
under isothermal conditions. It
was inferred that methoxyl could
not be the carrier responsible for
the spectrum. Moreover, the half­
life of the carrier (100 msec.) is
unusuallv long for a small radical
like methoxyl, but is more con­
sistent with a triplet or a very
reactive singlet. Nitric oxide is
an essential reactant in any sys­
tem for the spectrum to be
obtained, an.d is one of the radicals
taking part in a radical-radical
reaction; the other radical is most
probably a formyl, leading to the
formation of nitrosoformaJdehyde.

With methyl nitrite, the origin
of formyl radical can be explained
by the following scheme of re­
actions:
CH30NO~~CH30+N6
2CH,o-~CH,o+CH30H

CH3+CH,O-CH30H+CHO

Reduction of cyano- and
nitropyridines with sodium
borohydride

Pyridine derivatives, with elec­
trophilic substituents, like cyano
and nitro groups in 2 or 4 positions,
have been reduced by sodium
borohydride. This appears to be
the first example of the reduction
of common cyano group by sodium
borohydride to the corresponding
amine. 2- or 4-cyanopyridine and
2- or 4-nitropyridine (0,01 mole)
have been' reduced by refluxing
(for 5 hr in the case of cyano com­
pounds and 1 hr in the case of
nitro compounds) with sodium
borohydride in ethanol (30 mI.).
Molar ratios of 5: I and 3: I for
borohydride : pyridines have been
employed for cyano and nitro
compounds respectively. Yields of
the order of 50 per cent and more
are reported. Since the cyano and
nitro benzenes are not reduced
under identical conditions, it is
suggested that the resonance effect
of the pyridine ring renders the
2 and 4 positions somewhat positive
and the hydride attack on the
substituents is enhanced by this
inductive effect [Chemy Ind.,
(1967), 1325J.

National Geophysical Research
Institute, Hyderabad

The annual report of the Insti­
tute for the year 1966 presents
the main research activities of
its eight research groups dealing
with seismology, gravity and iso­
stasy, geomagnetism and geoelec­
tricity, rock mechanics, palaeo­
magnetism and heat flow, theore­
tical geophysics, geophysical pro­
specting, and geophysical instru­
mentation.

Work on the establishment of the
seismological observatory, initiated
in 1965, was almost completed.
The magnetic observatory, estab­
lished in 1964, continued record­
ing geomagnetic elements. A geo­
electric observatory for studies
on the rapid variations of earth's
electromagnetic field has been
established at Choutuppal near
Hyderabad. Gravity data from
various organizations, such as the
Geological Survey of India (GSI)
and the Oil & Natural Gas Com­
mission (ONGC), were obtained and
reduced to a common datum for'
standardization. Gravity surveys
were carried out in the peninsular
shield for studying the crustal
structure and probable relationship
of gravity anomalies to mineralized
regions. The construction of a
chamber for hydrostatic pressures
up to 5 k bars was started to study
the elastic properties of rocks
under high pressures.

The results of palaeomagnetic
studies for Jurassic to Eocene rocks
have indicated that the Indian
sub-continent has drifted from
southern latitudes of 460 (for
Nagpur) about 130 million years
ago to about 9° north 30 million
years ago, corresponding to an
average approximate rate of 6 cm.
per year.

Heat flow measurements were
made in a number of regions
including Kolar goldfields. Tem­
perature gradients in oil wells in
Assam and in other parts of the
country were obtained from Oil
India Ltd and ONGC. Measure­
ments were also made by the
Institute staff in some of these
areas.

A rigorous theoretical study on
electromagnetic induction processes
in a double sphere has revealed
that under certain favourable
circumstances the inner sphere
shows itself better in the presence



'of a conducting cover than in its
absence. This phenomenon of
'negative screening' marks an
important contribution to the study
of electromagnetism in general
'and to induction prospecting in
particular. A theoretical possibi­
lity was established which provides
':1 basis for simulating conductors
of directional inhomogeneity by
means of spatial deformations
in the eleCtromagnetic model
experiments.

The study of nonlinear trans­
parency of pulse forms has revealed
that even under perfectly elastic
'conditions the seismic pulse shapes
get deformed in a manner depend­
ing predominantly upon the velo­
City variations in the media they
traverse. Study of Love wave
propagation in an anisotropic,
inhomogeneous layered structure
has yielded results of great value
in delineating the finer structural
details of the earth as well as in
seismic prospecting where deep­
layered structures are considered.

The geophysical prospecting
group conducted gravity, magnetic,
resistivity, electromagnetic and
other geophysical surveys for
government and private agencies
and attempted the development of
new methods of field operation and
interpretation. Geophysical sur­
veys for chromite deposits in
Sukinda (Orissa) and for copper in
Ingildhal (Mysore) and Khetri belt
(Rajasthan) were carried out.
Magnetic surveys for iron ores in
the Kudremukha region (Mysore)
were undertaken for the National
Mineral Development Corporation.
Geophysical surveys for g-round
water were undertaken in certain
areas of Andhra Pradesh. Con­
siderable amount of work was done
in extending the method of con­
tinuation to interpret g-ravity,
magnetic, electrical and electro­
magnetic data. Convergence con­
ditions for various simple geo­
metries, usually encountered in ore
prospecting, were worked out. A
Hammer type shallow rdraction
seismograph has been constructed
with indigenous know-how :lll,l
components.

Integrated geophysical projects
both in the field and laboratory
were undertaken as part of the
Upper Mantle Project to accu­
mulate data for studying some
outstanding geophysical problems.
Detailed investigations of the
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physical properties of rocks were
continued in parts of the Cuddapah
basin, Dharwar belt, Aravalli belt
and the Singhbhum region.

Central Bundin~ Research
Institute, Roorkee

The research work carried out
by the Institute during the year
1966 has been primarily concerned
with building materials; soil engi­
neering; efficiency of buildings;
building processes, plants and pro­
ductivity; and architecture.

Considerable improvement has
been made in the design of the
indigenous extrusion machine for
brick making. The construction
of an archless brick kiln, designed
in the Institute, was' completed.
This kiln is divided into 20 cham­
bers, the chamber capacity being
about 7000 bricks. Attempts were
made to substitute magnesite by
dolomite for the manufacture of
oxychloride cements. A process
has been developed for curing
asbestos sheets and pipes for
improving their strength. The
process was tried in an asbestos
cement factory on pipes made from
imported crysotile and those made
from mixtures of crysotile and the,

'indigenously available amphibole
in various proportions up to 60 per
cent of the latter. The bursting
pressure of pipes cured by the
Institute process was found to be
well above the Indian Standards
Specifications.

Two corrosion inhibiting pig­
ments were prepared from indi­
genous raw materials with a view
to replacing the imported red lead.
Three formulations of water­
proofers were developed from
sodium silicate to replace the
costlier silicone preparations avail­
able in the market. Work on
building lime carried out comprised
studies on magnesian and dolomitic
limestones and preparation of
calcium hydroxide crystals.

Several improvements have been
made in the techniques of laying
under-reamed pile foundations and
the process is now being widely
adopted by both public and private
organizations. It has resulted in
savings of about 60 per cent in
foundation costs, The improved
technique of soil exploration and
sampling using bentonite mud was
successfully adopted up to a depth
of 80 m. for site investigation

for a bridge foundation. Reliable
methods for in situ determmation
of the bearing capaCity of boulder
deposits have heed developed.

An apparatus has been developed
for rapid determination of the
thermal conductivity and diffusi­
vity values of building and insulat­
ing materials. Studies on solar
illumination and equations develop­
ed representing sky components
have led to the facility of pre­
estimating the availability of sky
illumination at an indoor point
due to a given window at the
design time. Based oil this,
simplified design data for choosing
the most appropriate window sizes
have been obtained. Sound insula­
tion of partition walls; effect of
driving rain on the durability and
functional efficiency' of buildings;
and ventilation in multistoreyed
constructions were some of the
other investigations pursued.

Investigations were carried out
on the design of load bearing
brick work for multistoreyed
buildings; the designs proposed
have been accepted in principle by
the Indian Standards Institution.
Programmes based on CPM and
PERT techniques were developed
for several construction projects
and they helped in increasing the
efficiency of planning and sub­
sequent construction. Successful
trials were made on the single stack
system of plumbing up to four­
storey buildings.

Studies on the use-efficiency of
space in five-class primary schools
were undertaken with the aim
of achieving economy in space.
Experiments with three-class rooms
in a number of schools led to about
40 per cent economy in space
requirements. Under an urban
land development project, investi­
gations were carried out regarding
length of road, open space per
dwelling, land coverage, population
density and area under roads.
A work study survey was con­
ducted on the placement, size and
internal layout of kitchens in
bnildings.

Physics of the Earth and
Platletary Interiors

This new journal, devoted to
papers dealing with the application
of the physical sciences to the
study of the earth's crust, mantle
and core and to the interiors of the

89



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

planets, is being published by
North-Holland Publishing Co.,
Amsterdam, since July 1967. The
character of the journal is inter­
disciplinary with coverage of phy­
sics, chemistry, geology, astronomy
and mathematics. The journal is
published bimonthly, the annual
contribution being £ 9 or $ 25.00.

Announcements

• The Twelfth International Sympo­
sium on Combustion will be held
during 14-20 July 1968, at the
University of Poitiers, France
(approximately 200 miles south
of Paris). The organizers are the
University of Poitiers and the
French section of the Combustion
Institute.

The technical programme will
include sessions for contributed
papers and six colloquia on :
(i) Combustion instability (instabi­
lity in liquid propellant rocket
systems, solid propellant rocket
systems, and industrial burners);
(ii) Detonation, both condensed
phase and gas phase (low velocity
waves, failure mechanisms, transi­
tion to detonation, and complex
detonation structure); (iii) Super­
sonic combustion (effects of fuel
injection, mixing, ignition and
reaction kinetics, interaction of
combustion processes with flow
phenomena and geometrical con­
straints); (iv) Chemical kinetics
in flames (elementary reactions
of oxygen atoms, pyrolytic re­
actions of importance in combus­
tion and flames, chemi-ionization,
shock reactions, and general
topics); (v) Radiation from practi­
cal flames (furnace, and gas
turbine and rocket flames); and
(vi) Combustion problems related
to air pollution (mechanism for
incomplete combustion, particulate
formation, nitrol'[en oxide forma­
tion, and methods for control).

Sessions on the following topics
are likely to be held if a sufficient
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number of contributions are
received: Ignition and combustion
of fuels and propellants; De­
composition of unstable substances;
Flame mechanisms and structure;
Chemical syntheses in flames;
Mass fires; Engine combustion;
and Numerical computation studies
of reactive flow.

Abstracts (in quadruplicate) of
papers intended for presentation,
800-1200 words in length, should
be sent to the Combustion
Institute, 986 Union Trust Build­
ing, Pittsburgh, Pennsylvania
15219, USA.

• Symposium on Electromagnetic
Waves - This symposium will be
held at Stresa, Italy, during 3-8
June 1%8. Papers would be
presented on (i) Propagation in
inhomogeneous or anisotropic
media, (ii) Propagation in random
media, (iii) Very low frequency
propagation, (iv) Nonlinear pheno­
mena in wave propagation, (v) An­
tennas, and (vi) Application of
computers for solving electro­
magnetie problems. Summaries of
papers (800-1600 words) may' be
sent to G. P. Bava, Secretary of the
Organizing Committee, clo Insti­
tuto di Elettronica e Telecomunica­
zioni, Politecnico, C. so Duca
del'[li Abruzzi, 24, 10129 Torino,
Italy.

• Fourth World Congress on Ferti­
lity and Sterility - This congress
will be held at Tel Aviv, Israel,
during 20-27 May 1968. The sub­
jects to be covered in the congress
are: Immunological aspects of
reproduction; Neurological and
psychological factors of infertility;
Eugenic, genetic and para-genetic
factors influencing reproduction
and development of foetus; Effects
of prolonged use of oral and intra­
uterine contraception on fertility;
Genital tu!)erculosis in infertility;
Seminal fluid and accessory glands
in infertility; New methods of

diagnosis and treatment of sterility
and infertility. Further informa­
tion regarding the congress may
be obtained from Secretary Gene­
ral, IV Congress on Fertility and
Sterility, P.O.B. 26102, Tel Aviv
(Israel).

• World Conference on Earthquake
Engineering - The International
Association of Earthquake Engi­
neering will hold the fourth world
conference on earthquake engi­
neering in Santiago, Chile, during
January 1969. The topics of
discussion will be: Observation
in recent earthquakes; Seismicity
and ground motion; Construction
materials and elements; Response
of structures; Design of small
buildings; Soils and soil structures;
Design of large buildings; Founda­
tion and soil structure interaction;
Design of other structures; Design
criteria; Construction practices;
Research programmes; and Repair
and strengthening structures. One­
page abstract of papers intended
to be presented at the conference
may be sent to Prof. Grahm H.
Powell, Secretary of the Technical
Committee, Fourth World Con­
ference on Earthquake Engineer­
ing. 416 Mclaughlin Hall, Univer­
sity of California, Berkeley, Cali­
fornia 94720, USA.

• Directory of Indian Behavioural
Scientists -The Behavioural Scien­
ces Centre, which is compiling
this directory, has invited the
behavioural scientists in India to
provide information regarding their
placements, addresses, etc., for
inclusion in the directory. The
details should be sent to Dr J. M.
Ojha, Behavioural Sciences Centre,
32 Netaji Subhas Marg, Delhi 6.
Institutions may also send details
regarding their staff associated
with or engaged in research in
psychology, education, sociology,
anthropology and community de­
velopment.



Announcing the publication of

FLUIDIZATION AND RELATED PROCESSES
A Symposium

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

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

Pages xii+2n, Royal 8vo, Rexine bound

*

Price Rs 24.00, Sh.48.00, $ 8.00

INDIAN FOSSIL PTERIDOPHYTES
by

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

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

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

Copies available from

Sales &: Distribution Section
Publications &: Information Directorate, CSIR

Hillside Road, New Delhi 12
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Please Contact

Available from Ready Stock

MODERN SCIENTIFIC INSTRUMENT Co.
48A/48B SADASHIV CROSS LANE

BOMBAY 4

Telclram: CENTROFIXTelephone: 29160

Palkhiwala Building. 24 First Dhobi Talao Lane
BOMBAY 2

SCIENTIFIC SALES SYNDICATE

For your needs in
Scientific and Laboratory Instruments,

Apparatus and Appliances
• PHOTOELECTRIC COLORIMETERS, RESEARCH MICRO­
SCOPES. pH METERS. ETC. • GLASSWARE • SILICAI
PORCELAINWARE • FILTER PAPER • CHEMICALS, ETC.

Quality products of repute-both Imported
and Indigenous

Available ex-stock Bombay
Please write for price list

Dr Brune Lange

PHOTOELECTRIC

NEPHETOMETER

An invitation

Telegram:' MODERNCOM'

• Balances & Weight Boxes: BOSCH. CalorI­
meters: HELLlGE-DUBOSCQ (Visual) • Incuba­
tor & Oven Combined: MEMMERT • Binocular
Research Microscopes: AUGUST-GERMAN
• Mlcrotomes Rotary & Minot: ERMA-JAPAN
• pH Meters: BECKMAN Model H2 & PHOTO­
VOLT Model 85 • Test Sieves: ENDECOTT'S
B.S.S. & A.S.T.M.' Laboratory Glassware:
PYREX, WESTGLASS, CORNING, etc.• Filter

Papers: WHATMAN & GERMAN

Also Silicalllare and Sin/ered Glassware

AND

'MODERN' Brand Laboratory Instruments such
as Ovens, Incubators, Water Baths, Water Stills,
Heating Mantles, Furnaces, Temperature Control
Units, Kjeldahl Assemblies, Mlcro·Kjeldahl Diges­
tion Units, Melting Point Apparatus, Stirrers,

Cork Boring Machines, etc.

Telephone: 554101
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S. H. KELKAR & CO. (PRIVATE) LTD.
DEVAKARAN MAr\SION, 36 MAl'\GALDAS ROAD

BOMBAY 2

Gram: • SACHEWORJ<S', I30MBAY-DADAR

Manufacturers of

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

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

AGARBATTIES, FACE POWDERS, ETC.

FOR SAMPLE AND PRICE, PLEASE WRITE TO THE ABOVE ADDRESS
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The first Pelletislng Plants for Nickel Ore
The fin:t plants for pelletising Nickel Ore will be built In New Caledonia for Messrs.
Societe Le Nickel S.A., second biggest Nickel producer ofthe world. POLYSIUS will supply
ell machinery and equipment for preparing and pelletising Gamlerlte from the Poro and Nepoul
mines. Four units using the well· proven POLYSIUS Grate·Kiln process (Lepol process), will
produce a total of 1.5 million tons of pelletised nickel concentrate. POLYSIUS engineers can
solve your pelletising problems. Our pilot plant facilities permit testing on a semi-Industrial
scale of all ores regarding their adaptability to pelletising.
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POLYSIUS GMBH

SALES REPRESENTATIVES:

MOTWANE
PIt.VAT. L'M'TaD
t21 "'1'1&1"" Gandhi Road. Pos. 10. No. 1312 80m..,.'
Itbol'll: 252331.6,.,",: 'CHIPHONE' III offie... S,anch....
... DeIb.I. CalGv.as., lYWlow. KanPUt• ....dr•• end Bang.IOt.
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HANDBOOK FOR ULTIMATE STRENGTH DESIGN
OF REINFORCED CONCRETE MEMBERS

by

R. CHANDRA & S. SARKAR

A design manual, based on the recommendation of IS: 456-1964. containing design

aids in the form of charts and tables pertaining to reinforced concrete sections in

flexure and units, are for two grades of steel. mild steel (Grade I IS: 432-1960)

and medium tensile steel.

Pp. viii+169; 29x21'S cm. 70 full page charts and 40 tables

Price Rs 25.00

Copies available from

Sales & Distribution Section
Publications & Information Directorate, CSIR

Hillside Road, New Deihl 12

• OPTICAL
INSTRUMENTS.

microscopes
students' • laboratory
research. metallur9ical
dlueding. travelling

.
microscope

. attachments

spectrometer

telescope

GHARPURE & CO.
'·31 India Exclll... Place Extlesl.., ClICllta.1

Sn. : IIEWIID • '111.. : 22·2051
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RAW MATERIALS FOR

RESEARCH & INDUSTRY ••• 9

Wickeder Eisen-u. Stahlwerk GMBH.
(West Germany)

Manufacturers of aluminium, copper,
nickel and silver clad materials. Cold
rolled steel strips and bright flat steel
bars. Aluminium clad strip steel a

special ity.

For further particulars contact:

K. S. H I R L E K A R
Western India House

Sir Pherozshah Mehta Road

BOMBAY I

Grams: IND8UREAU, Bombay • Phone: 251931/25207l
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The new Ultra Microtome after Sitte
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SIMPLE-ACCURATE-CONVENIENT
The product of many years experience and intensive research.
Represents the latest devl1lopment in the field of ultra Thin
Sectioning, Meets fully today's requirements.

Sold and Serviced in India by:
Exclusive Agents and Distributors

NEO-PHARMA INSTRUMENTS CORPORATION
Kasturi Bldgs,. J. Tata Road. Bombay-I.

Technical Service Offices: Bombay· Calcutta· Delhi· Madras
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JIHERH!(
TABLET

INSPECTION
BELT

ihis machine 15 specialJy designed for
100% Visual inspection 01 tablets from both
sides. Up to 100.000 tablets per hour can
be inspected on this machine. Magnetic
Vibrator is provided lor remo'ring chips &
dust automatically. Speed 01 the belt can
also be adjusted. Ideal lor Visual inspeo.
tion 01 Tablets. Capsule•• ConJectionel'J
Sweets. elc.

Mllnuflctu,ed by

tlHnphJJ~
Prabhadevi Industrial Estate
2 nd Floor. Cadell Road.
BOHBAY·25 D.O.

Authorised
Distributors
for

Details from

'CORNING'
'BOROSIL'
LABORATORY GLASSWARE (at factory rates)

'WHATMAN'
FILTER PAPERS .. PRODUCTS

'QUICO'
SURGICAL .. SCIENTIFIC INSTRUMENTS
(electrically operated)

ALL THE COMMON RANGES & GRADES
AVAILABLE FROM READY STOCK

UNIQUE TRADING CORPORATION
121 SHERIFF DEVJI STREET, BOMBAY 3
Gram: • UNILAB' • Phone: 326227 & 326228
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Cauvery Brand

STABLE
BLEACHING
POWDER
for

.textile bleaching,

.water purification,

.environmental s:anitation

THE METTUR CHEMICAL & INDUSTRIAL CORPORATION LIMITED
Mettur Dam R, S. Salem Diu.
Mal/aging Agenrs:
SESHASAYEE BROTHERS PRIVATE LIMITED

CRITERION.MC· ;''1,)

CURRENT SCIENCE
(Established 1932)

HEBBAL P.O., BANGALORE 6

The Premier Science Fortnightly of India devoted to the publication of latest
advances in pure and applied sciences

Conducted by

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

Quarter page: Rs 40

India: Rs 16

Full page: Rs 100

ANNUAL SUBSCRIPTION

Foreign: Rs 40; £ 2.00; $ 6.00

ADVERTISEMENT RATES
(per insertion)

Half page: Rs 60
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Further particulars from

THE MANAGER, CURRENT SCIENCE ASSOCIATION
HEBBAL P.O., BANGALORE 6
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Paper Chromatography Implements by
VEB GLASWERKE ILMENAU

available from stock

I. Chropa developing implement for ascending and descending methods.
Cat. Nos. 00 I-I and 001.1-2

2. Chropa drying implement for qUick drying of chromatographs at
various temperatures. Cat. No. 005

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

4. Special Chropa Sprinkler. Cat. No. 006

PHARMA TRUST
114 Princess Street, Bombay 2

Central Glass &
Ceramic Research Institute
Bulletin

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

allied sciences and industries

For full particulars write to

THE EDITOR. BULLETIN

CENTRAL GLASS .. CERAMIC RESEARCH INSTITUTE

JADAVPUR, CALCUTTA 32, INDIA
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RFL

Three

Modes of
Magnetic

Measurement

ABSOLUTE

DIFFERENTIAL

INCREMENTAL

RFL Model 3265 Gaussmeter

The model 3265 is a precision Hall-effect gaussmeter capable of three distinct modes of operation:

measurement of absolute flux densities from '01 gauss to 50 kilogauss (dc and ac to 400 Hz).

Incremental determination of field variations to a resolution of I ppm as an expanded scale gauss­

meter and a differential mode enabling simultaneous measurement of two separate fields or single field

gradients.

All solid state design provides highly stabl~ operation for laboratory. production Iin~. or portable

field use. The large seven-inch taut-band meter allows precision measurements with an ease of

r adability.

An accessory DVM may by used for true digital gaussmeter operation.

RFL INDUSTRIES INC., NEW dER8EY

For details, please write to;

SOLE DISTRIBUTORS

THE SCIENTIFIC INSTRUMENT COMPANY LIMITED
ALLAHABAD BOMBAY CALCUTTA MADRAS NEW DELHI

Head Office: 6 Tej Bahadur Sapru Road, Allahabad
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PUBLICATIONS & INFORMATION DIRECTORATE, CSIR

PUBLICATIONS

ENCYCLOPAEDIA

Wealth of India: Raw Materials

Vol. III (D to E) Rs 22.00 ShH $ 6.60
Vol. IV (F to G) Rs 25.00 Sh 50 $ 7.50
Vol. V (H to K) Rs 30.00 Sh 60 $ 9.00
Vol. VI (L to M) Rs 40.00 Sh 80 $ 12.00
Vol. VII (N-Pe) Rs 30.00 Sh 60 $ 9.00

Wealth of India: Industrial Products
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