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HEWLETT PACKARD

SOMEWHERE ... between 21 global time keeping stations
we lost a microsecond

Last year Hewlett-Packard engineers tra
velled with two 'flyingclock' to 21 different

official time keeping facilities in 12 nations,

correlating their time standards to within
tenths of millionths of a second. During

this 31 days' journey around the world,

these portable clocks, without adjustment

of any kind, kept to within one micro

second of each other and of the Hewlett

Packard frequency standard in Palo Alto,

California. This is any accuracy equivalent

to one second in 88000 years, an accuracy
that could gUide an object from earth to

sun with a potential error of only a few

inches.

NATURAL CONSTANT: Using the prc

perty of the unvarying transition frequency

of the cesium at one (9, 192,631,770 Hz)

as a central for a highly stable quartz crystal oscillator, HP was able to develop an atomic

clock that is both highly accurate and, more important, portable, permitting this historical
correlation of time.

STANDARD-of-the-ART INSTRUMENTATION: The HP E20-5060A Portable Ti me Standard
is only one example of the strides being taken in electronic measurements. The combi ned

features of high accuracy, ease of use, compact and rugged construction are t~e results of
standards which gUide the design and production of all HP instrumentation. International time

keeping is only of the technologies represented in the more than 1500 measuring instruments

offered, as practical HP products, in electronics, medical and chemical instrumentation.

For detoils pleose write to:

SOLE DISTRIBUTORS

THE SCIENTIFIC INSTRUMENT COMPANY LIMITED
ALLAHABAD BOMBAY CALCUTTA ~'ADP.AS !'lEW DELHI

Head Office: 6 Tej Bahadur Sapru Road, Allahabad

;SH\-APRJl 1968



Symposium on Particles Faster than Light
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OIL & PETROLEUM TESTING
AND GENERAL LABORATORY
INSTRUMENTS

• WATER BATHS • FLASH POINT
Rectangular APPARATUS
Serological Abel's,Pensky Marten's
Soxhlet Cleveland

0 WATER STILLS 0 REDWOOD
Copper VISCOMETER
Stainless Steel No.1 & No. \I• INCUBATORS 0 CLOUD & POUR
Aluminium POINT APPARATUS
Stainless Steel 0 SOFTENING POINT

0 HOT PLATES APPARATUS

AVAILABLE EX-STOCK:
For Sales & Service contact:

loshniwal Brothers Pvt. Ltd.
198 Jamshedji Toto Road, Bombay 1

Branches

A4

Pratap Bhavan, Jaipur Road. AlMER • 8SA Sarat Bose Road, CALCUTTA 16
lE/B Jhandewalan Exten.lon. NEW DELHI I • Round Tana. Mount Road. MADRAS 1

6.1.'40 Raj Shavan Road, Khatratabad, HYDERABAD 4 (A,P.)
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THE WEALTH OF INDIA
A Dictionary of Indian Raw Materials and

Industrial Products

RAW MATERIALS: VOL. 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.

The major entries included in the volume are:

Nicotiana (Tobacco), Papaver (Opium), Oryza (Rice), Pachyrrhizus (Yam
Bean), Paspalum (Kodo Millet), Pennisetum (Pearl Millet), Narcissus (Jonquil),
Nyctanthes (Night Jasmine), Ocimum (Basil), Pandanus (Kewda), Pelargonium
(Geranium), Olea (Olive), Palaquium (Gutta-percha), Passiflora (Passion Fruit),
Persea (Avocado), Nardostachys (Indian Nard), Nerium (Indian Oleander), Nigella
(Kalajira), Oxalis (Wood-sorrel), Pastinaca (Parsnip), Petroselinum (Parsley).

Oysters, Parasitic Worms, Oldenlondia, Onosma, Paeonia, Peltophorum, Neolistea,
Oroxylum, Ougeinia, etc.

Pages xxviii+330+ix, Demy 4to 9 plates and 140 illustrations

PRICE Rs 30.00, Sh. 60 or $ 9.00 (postage extra)

Can be had from

Sales & Distribution Section
Publications & Information Directorate, CSIR

Hillside Road, New Delhi 12
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Colour-Chern CO
When you see rhe rhrill ing world of man
made colours around you-spectacu!arprinll
on your f.bric., colourful inks in your
magazines, pleasing paints in the interior
of your bame, fascinating tapestry and the.
altraclive furnishings of your drawislg IlOOm,
plostic balls ill the hands of your children
remember that COLOUR-CHEM, India's
leading makerli of Pigment Colours, is very
much a pan of your daily \iIe.

everywhere!

COLOUR·CHEM LIMITED
221, Dadahiloy Naoroji Road,
Fort, Bombay-l
In direct parricipation wilh:
fARBENFABRIKEN BAYER AG.•
Leverkusen, W. Germany
FARBWERKE HOECHST AG..
Frankfurt, w. Gennany
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There can
be no
substitute
for
accuracy

P'IiI
H

ISIR-APRIL "68

In research. Or chemical analysis. There is no room for

chance, no substitute for accuracy. Success depends all'
preciskm.

For all ellacting work, you can count on Sarabhai Merck's
'Guaranteed Reagents'. They provide the utmost precision In
high grade production, chemical analysis and research.
Specific preparations are available for every requ'iremenl.
Write to us about your requirement.

Guaranteed Reagents (G.R.)

prO analYfi
by

SARABHAI MERCK LIMITED
Post Bex No. 80, Wadi Wadi, Baroda
Bombay Office: Post Box No. 18555, Bombay 1'8

Shilpi 5 m 25/67
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,••
86/5

Overwhelmed by calculations? You ""~-' .~

IME 86/s Desh Electronic Calcula'(ol
IME 86/s gives you accurale answers Jns'G'wy
-whether it's calculating interest ... or rn<lf:ing
percentage allocations of saies stati3tics
... or determining the resonant frequeilcy of
a circuit, or the capacitive power
for rephasing a motor.
Just enter the operations on the simple and
logical keyboard ... and read the
answer on the display panel!
Simple to operate? Yes. The IME 86/s is also
sleek, silent, compact. The ideal solution to the
needs of a progressive organisation-like yours.

-tFor Further Details Contact Sale Concessionnaires:

BAKUBHAI AMBALAL PVT. LTO.
• 13 Wittet Road, Ballard Estate. Bombay 1

Also at: Ahmedabad, Calcutta, Madras and New Delhi

ISIR-APRIL 1968



"DELUXE-14"

For drying, heating
sterilizing or incubating
INSTALL

51i11.M::_._.·W

Manufactured to rigid standards. these ovens and
incubators are equipped with precision thermostats for
accurate and sensitive control of temperature. Made
of rust-proof mild steel sheets with embeded glass wool
insulation to eliminate loss of heat. Pilot lamps give
visual indication of mains supply and thermostatic control.

TECHNICAL INSTRUMENTS MANUFACTURERS (INDIA) PVT.LTD.
Shantinagar, Vakola. Santacruz East, Bombay 55.

ti ~i~n!~u~T~~!d~~1~B~nder,Bombay ' .•

JSIR-APRll 1968 A9



BOMBAY II

Contact Sole Seiling Agents:

DEALERS IN LABORATORY EQUIPMENT
OF EVERY DESCRIPTION

Gram: • EsviJack •Phone: 356336

'LAB-CHEN'
ANALYTICAL BALANCES &

WEIGHTS

for

INDUSTRIAL, RESEARCH & COLLEGE

LABORATORIES

PEERBHOY MANSION

460 SARDAR VALLABHBHAI PATEL ROAD

BOMBAY 4 (Bit)

INDIA SCIENTIFIC TRADERS

•

Manufactured by

LAB-CHEM BALANCE WORKS

FOR

• C~p~R~~~AL
AND ANALYSIS USE

ANALYTICAL
REACiENTS
MANUFACTURED BY

*'\*"*** **"*"'"*-*""*~**

THE INTERNATIONAL
CHEMICAl INDUSTRIES

103·8. UPPFR CIRCULAR RoAD (ACHARYA PRAFUllA CHftNDRA 1l0AP) CAL-9

AlO
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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 eNS Drugs held at the

Regional Research Laboratory. Hyderabad. during Januury 24-30, 1966.

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

Copies available (rom

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

Hillside Road, New Delhi 12

AGATE MORTARS & PESTLES
(Grade AI)

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

Sizes available from 20 mm. to 200 mm. diameter

Also available

All types of IP THERMOMETERS for the Petroleum Testing Laboratories

PLEASE CONTACT

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

Phone: +J2761

jSIR-APRll 1968

Telecram : lABFURNISH

Branch Office: KAPASIA BAZAR, AHMEDABAD 2
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and now . .. Chloromethanes
METHYL CHLORIDE
METHYL CHLORIDE: Finds uses as a catalyst in low temperature polymerisation, such as synthetic rubber, silicons,
etc.; as a propellant in aerosal spraytype containers; as a refrigerant; and as a sol\"c:'nt for insecticides.

ME'IHYLENE DICHLORIDE
METHYLENE DICHLORIDE: As a sol"ent wash for cellulose acetate, in the manufadure of photographic film;
as an active agcnt in various formulations of paint, varnish and carbon removers; as a fumigant; and as a solvent
for insecticides.

CHLOROFORM
CHLOROFORM: As an important anaesthetic; and as a soh'cut for fats, oils, resins and rubber and numerous other
substances.

CARBON TETRACHLORIDE
CARBON TETRACHLORIDE: As a degreasing agent; as a good dry-cleaning solvent; as a base for manufacture of
ftuorochlorocarbon refrigerants and, mixed with carbon disulphide, ethylene <.1ichloride and others, as a grain fumigant
and pesticide.

THE METTUR CHEMICAL & INDUSTRIAL CORPORATION LTD.
METTUR DAM R.S., SALEM DIST.

Managing Agents: SESHASAYEE BROS. PRIVATE LTD.

CRITERION·MC.TY

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
nl SHERIFF DEVJI STREET, BOMBAY 3
Gram: • UNILAB' • Phone: 326227 & 326228
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ASSOCIATION OF FOOD TECHNOLOGISTS
(INDIA)

CENTRAL FOOD TECHNOLOGICAL RESEARCH INSTITUTE
MYSORE

(A professional and educational organization of Food Scientists
and Technologists)

AFFILIATED TO THE INSTITUTE OF FOOD TECHNOLOGISTS, U.S.A.

OBJECTS

,. To stimulate scientific and technological research on various aspects of Food
Technology.

2. To provide a medium for the exchange, discussion and dissemination of
current developments in the field of Food Science and Technology.

3. To promote the profession of Food Technology.

The ultimate object is to serve humanity through better food.

MAJOR ACTIVITIES

I. Publication of the Journal of Food Science and Technology -a quarterly.

2. Publication of authoritative critical reviews by specialists in different branches
of Food Science and Technology.

3. Arranging lectures for the benefit of members.

4. Holding symposia on different aspects of Food Technology.

MEMBERSHIP

Membership is open to graduates and diploma holders in Food Science and
Technology, and also to others interested in Food Science and Technology and
allied fields. Regional branches of the Association are being established.

Admission Fee Re. I Annual Membership Fee Rs. 15 or $ 3.50

Annual subscription to Journal Rs. 20 or $ 5.00

For membership and other details, kindly address:

THE HONORARY EXECUTIVE SECRETARY

ASSOCIATION OF FOOD TECHNOLOGISTS (I NDIA), C.F.T.R.I., MYSORE 2, INDIA

ISIR-APRIL 1968 A13



GLASS LINED
REACTION KETTLES

COMPLETE with all ACCESSORIES, VARIOUS

TYPES OF STIRRERS, THERMOWELLS, VALVES,

CONDENSORS (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 slntered
glass filter plate fitted In.

PIONEERS: GLASS'LINED EQUIPMENT

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

BOMBAY 8

COUNCIL OF SCIENTIFIC &

INDUSTRIAL RESEARCH

(Indian Languages Unit)

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

Libraries, etc.

Single copy 0.50 paise
Annual subscription Rs 5.00

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

Hillside Road, New Delhi /2

Note - M.O.sICheques should be sent drawn in favour

of the Secretary. Council of SCientific & Industrial

Research, Rafi Marg, New Delhi I

A14

"CORN lNG"
BRAND

LABORATORY
GLASSWARE

(MADE IN INDIA)

•
.. CORNING" Brand Laboratory Glassware

is now manufactured in India by

BOROSIL GLASS WORKS LTD.
Bombay

in collaboration with a world leader
in the field

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

•
The Balanced Glass

"CORNING" Brand Glass is manufactured from 'harder'

heat resisting BOROSILICATE GLASS in which the

properties of mechanical strength, thermal and chemical

resistance are ideally balanced for general laboratory

application. Its formula (Corning formula No. 7740)

assures high chemical stability and still provides ex

ceptional resistance to thermal shock. It is, therefore,

the best glass available in the market for over 99 per
cent of all requirements.

EQUAL TO ANY IMPORTED
BOROSILICATE GLASSES

Inqui ries and orders solicited

•
DISTRIBUTORS

B. PATEL & CO.
DIRECT IMPORTERS & STOCKISTS OF

SURGICAL & SCIENTIFIC GOODS

27/29 POPATWADI, KALBADEVI ROAD

BOMBAY 2

Phones: 31<1689 & 315702 • Grams: GLASALSORT

jSIR-APRIL 1968



.Ov.'"
• Incubator.
• Wate'SII",
• WalerBatlle
• Clamp.
• Taps
• Tongs
• laboratory

lacks
• Shaker.

• Glass
Cutler.

• Pipetle
Washer.

• Spatula.

• Racks
• Standi
• Rings •

Trlpocs.

,
JJ'~

,1-~•
III!l
Igi '1
I~ f!i. -

G there's a
ansons

eguipment
for every

laboratory.

UNSONS PVT.LTD.•
....., ......... OIlCadeIlRoad

Iombl'.2S DO

Designed to meet
the highest

International
Standards with

their flawless
construction

and reliability
of performance

An associate of

ASHA SCIENTIFIC CO.
DI"ECT IMPORTERS & MANUFACTURERS' REPRESENTATIVES.

503, GIRGAUM ROAD. BOMBAY 2.

II GRAM, , 'ASHACOM' PHONE: 22855

mg~ SUPERIOR LAMP BLOWN
II PYREX GLASS APPARATUS;Im ASSEMBLIES ACCESSORIES

mm OF ALL TYPES

t[
~
~
6 Man~~~~tured by

SCIENTIFIC EQUIPMENT
MFG. CO.

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

RADIOTONE
RECTIFIER UNITS

We Design and Build

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

HT and LT units

for various speciftcations up to 1000 volts
5000 amperes

We have been supplying these as well as
different types of transformers. selenium metal
rectifiers. waveband switches, etc., for different
specifications to Industry, Trade and Govern
ment Departments for over 20 years past. A

trial wi II satisfy you too.

RADIO ELECTRIC PRIVATE LTD.
Manufacturers of RADIOTONE Products

lC Lamington Chambers, Lamlngton Road
BOMBAY 4

Inter·~h~ngeable Laboratory
Glassware 'Our Specialitl

.w ..••
WE SUPPLY COMPLICATED RESEARCH APPARATUS

JSIR-APR1L 1968 A15



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

Long-wave ultraviolet light (350 mil)
fluorescent substances become visible

Short-wave ultraviolet light (254 mil):
UV absorbing substances can be detected by
the TLC ultraviolet quenching technique

The CAMAG Universal UV-Lamp
has both type~ of light source
Is of high intensity
can be switched from one wave-length to 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

.. '.',,,,
I

I
I

I
I,

",,
""''''

. \

\
\
\
\

\,
'..

\
\

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 & KLETI

PHOTOELECTRIC COLORIMETERS

• ABBE REFRACTOMETERS

• MICROSCOPES: Binocular & Microphoto

graphic, Polarizing, 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 ana adsorbents for
Thin-Layer Chromatography.

Chemie-Erzeugnisse und Adsorptionstechnik AG

Homburgerstrasse 24
4132 Muttenzl Switzerland

Represented in more than 30 countries.
Our list of agents will be sent on request

A16

For details and for 'CAMAG' catalogue

please write to

RATIONAL SALES ASSOCIATES
65-67 Sutar Chawl, Zavari Bazar

BOMBAY 2

Telephone: 327647

Telegrams: CREAMWOVE, Bombay

JSIR-APRIL 1963



•DIRECT INKING •MOVING COIL
•STRIPCHART

A. C. D. C, RECORDERS

co

'"'
lJ)
u.u.

Records directly on a strip-Chari

( llcms wide) currents nnd voltages

by a continuous inkin'g stylus.

Suitable for recording all phenomena

convertible into electrical output.

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

INDEX TO ADVERTISERS

Adept Laboratories, Poona A17

Association of Food Technologists (India),
CFTRI, Mysore A13

Asha Scientific Co., Bombay AI5

Bakubhai Ambalal Pri"ate Ltd., Bombay A8

B. Patel & Co., Bombay A14

Central Glass & Ceramic Research Institute,
Calcutta ... A25

Chhenna Corporation, Delhi A21

Colour-Chern Ltd., Bombay A6

Current Science Association, Bangalore A26

C SIR Publications & Information Directorate,
New Delhi AS, II, 14, 19, 23, 27

Dr. Rao's Laboratory, Bombay .\14

Gansons Private Ltd., Bombay A15

Gharpure & Co., Calcutta .\23

India Scientific Traders, Bombay Al0

Indian Institute of Science, Bangalore A22

International Chemical Industries, Calcutta Al0
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J. T. Jagtiani, Bombay'

K. Scientific Industries, Calcutta .

Laboratory Furnishers, Bombay ..

Martin & Harris (Private) Ltd., Bombay

Mettur Chemical & Industrial Corporation Ltd.,
MeUur Dam R.S.

Modern Scientific Instrument Co., Bombay

Neo-Pharma Instruments Corporation, Bombay

Pharma Trust, Bombay

Radio Electric Private Ltd., Bombay

Rational Sales Associates, Bombay

Sarabhai ~Ierck Ltd., Bombay

Scientific Instrument Co. Ltd., Allahabad

Scientific Sales Syndicate, Bombay

S. H. Kelkar & Co. (Private) Ltd., Bombay

Tempo Industrial Corporation, Bombay

Toshniwal Brothers Private Ltd., Bombay

Unique Trading Corporation, Bcmbay

Zoological Society of India, Calcutta
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~
LABORATORY

EQUIPMENT

INCUBATOR

SEROLOGICAL
BATH

PARAFFIN EMBEDDING
BATH

ELECTRIC OVEN

WATER STILL
ELECTRICALLY OPERATED

SHAKING MACHINES

Manufactured by

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

Science & Parliament

IN India, as ill most of the other developing
. countries, scientific and technological research
IS the primary responsibility of the state, ,which
provides the bulk of the funds needed to raise the
country's scientific and technological potential.
This situation coupled with the fact that the state
of d~velopment of science and technology in a
country has considerable impact On other spheres
of national activity, particularly the social and eco
nomic spheres, ca1ls for a close link between the
organization of scientific and technological research
and the policy formulating system of the country,
represented broadly by the parliament. The Science
Policy Resolution of the Government of India was
formulated and adopted by the Government in
1958, but the implementation of the policy at the
institutional level has not made much headway.
Positive action in this direction has much to do
with the effective utilization of science and techno
logy in the economic development of the country.
In the context of the above considerations, the
Seminar on 'Science & Parliament', organized in
New Delhi during the last week of April 1968, by
the Institute of Constitutional and Parliamentary
Studies, was timely. The seminar provided a coni
mon meeting ground for leaders representing various
spheres of scientific activity and the parliamenta
rians to have a frank discussion on variou; aspects
of the relationship hetween the organization of
scientific research and the decision making political
system, and related problems.

Among the subjects debated at the seminar, the
following were some of the major ones: (I) relation
ships between science policy and social: political
and economic policies of the state and the respective
organizational machineries; (2) creation of. such
environment in research establishments as mav be
conducive to maximum creative output; (3) 'aug
mentation of facilities for research and its diversi
fication through allocation of more funds for
science and education; (4) introduction of scientific
methods in government decision making machinery;
(5) international cooperation in research; (6) role
of industry in encouraging research and develop
ment, and the methods used by governments to
encourage innovation and development; and (7) im
pact of financial limits imposed by national budgets
on the progress of scientific research.

Discussions during the seminar focused atten
tion on the disparities existing in the development
of various spheres of scientific and technological
activity. A typical example cited was that of agri
cultural research which, though forming the basis
of the success of industrial research programmes,

Topics

has not receiverl the priority it deserves, There
was almost unanimity of opinion on the need for
attaching priorities to various programmes of re
search in consonance with the national econcmic
and social objectives as well as for making research
organizations and government agencies responsible
for them to take cognizance of the changing social
and economic problems of the country. The lack
of facilities for the provision of uptodate information
On the status of science and technology in the country
to the members of parliament was pointed 'out and
the need for effective communication of information
was stressed.

As practical means of forging a sound link between
the borlies responsible for organizing scientific and
technological research and the decision making
political system, the seminar favoured, among other
measures, the following two: (1) submission to the
parliament of an annual . Science Report' on the
status of science and technology in the'country;
an<;l (2) appointment of a permanent parliamentary
committee for scientific research. The 'Science
Report' should highlight the achievements in various
fields of scientific investigation, the projects under
way and the likely benefits, both economic and
social, of the research effort in the country. It
should also delineate the programmes in the coming
year and the next five years in prespective. A
statistics section of the report should give, among
other things, financial, manpower and research out
put data. The financial data should give the
breakup of expenditure between (i) government
departments; (ii) government-sponsored progr,mmes
(both inter- and intra-government); (iii) research and
development and promotional activities; (iv) basic,
applied and developmental research; (v) different
scientific fields; (vi) economic sectors; (vii) various
types of government-financerl agencies, e.g.
government research centres, universities, ccopera
tive research associations, etc.; (viii) distribu
tion of expenditure on research capital costs anel
maintenance costs; (ix) geographical distribution
of expenditure; and (x) technological balance of
payment. The manpower data should give the
hreakup of scientific and technical manpower be
tween (i) occupational categories; (ii) scientific dis
ciplines, and also specialization within disciplines;
and (iii) levels of educations, including supply and.
distribution of support personnel. The research out
put data should include lists of (i) patents taken and
released to industry; (ii) processes under investiga
tion and likely to be available for industrial ex
ploitation; (iii) processes being commercially exploited
with the active participation of the laboratories;
and (iv) important publications of various research
institutes and laboratories. It was felt that the
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preparation of such a comprehensive report giving an
onrall picture of the status of science and technology
in the coultry is b~st undertaken by a central agency
to be spe:ially organized for the purpose.

The seminar emphasized the need for the appoint
ment of a permanent Parliamentary Committee,
similar to the House Committee on Science and

the Parliamentarv Committee for Science in UK.
Such a parliamen'tary committee, it was felt, could.
effectively fill the gap in our present science policy
decision making system and integrate social, eco
nomic and political decisions with scientific and
technological effort.

K. D. SHAR~fA

Symposium on Particles Faster than Light

A ONE-DAY symposium on Particles Faster
than Light was held at the Institute of
Mathematical Sciences, Madras, on 3 March

1968, with Prof. E. C. G. Sudarshan (Syracuse
University, USA) as the principal lecturer. The
object of the symposium was a critical discussion of
the contributions of S. Tanaka, E. C. G. Sudarshan
et at. and G. Feinberg against the background of
the well-established principles of the special theory
of relativity.

Prof. Alladi R3.m3.krishnan, Director, Institute of
Mlthema:ical S:iences, in his introductory talk
emph3.sized th3.t the question of particles faster than
light m:Ist be examined in the propagator formalism.
In this approach it is important that the real mass
be replaced by an im3.ginary quantity in the equa
tion of motion. However, there seems to be other
consequences that follow from the imaginary nature·
of the m3.SS, since the propagator is a function of
only space, tim~ and mHs-like parameters and does
not involve energy and momentum. He said that
the mlthematical formulation of particles travelling
faster than light has a deep connection with the
theory of L-matrices developed by him.

·Subsequen~ly, Prof. Ramakrishnan has studied the
propagator formalism of particles faster than light in
detail which indicates that there should exist particles with
imaginary energy which decay very fast. (Evauescent)
"L-matrices and propagators with imaginary parameters ..
preprint )fAT-4-1968.
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Prof. Sudarshan divided his talk into two, the
first one dealing with the classical problem of
tachyons (particles travelling faster than light) and
the second with the problem of quantization of such
entities. He referred to some experimental work
carried out at the Nobel Institute in Stockholm by
physicists T. Alvagov and P. Erinam and at
Princeton by T. Alvagov and Krenlev. One way of
detecting tachyons is to look at the decay of un
stable particles. If a given particle could .decay
into three particles, one of which has a mass equal
to that of the original decaying particles, then the
other two particles would be tachyons. In his
second talk, Prof. Sudarshan spoke on the quantiza
tion of tachyons. He pointed out various difficulties
that one encounters in this programme.

Dr K. H. Mariwalla said that it i,; important to
consider transformations in which the frames of
reference move faster than light. The transforma
tions referred by Prof. Sudarshan in his lecture refer
only to reference frames moving with a velocity
less than that of light.

Shri T. S. Santhanam spoke on imaginary mass
and equation of motion. explaining the arguments of
Tanaka that superphotic particles could not exist
in isolation. Their existence would be felt only in
their interactions with other particles.

Shri K. Srinivasa Rao discussed the Cerenkov
radiation which could possibly give clues for the
existence of tachyons.



Conference on Water Desalination
MOHAN LAL KHANNA

National Physical Laboratory, New Delhi 12

A CONFERENCE on Water Desalination was
held at the Central Salt & Marine Chemicals
Research Institute (CSMCRI), Bhavnagar,

Gujarat, during 16-18 November 1967. The con
ferencc prGvided an occasion to scientists, repre
sentatives of engineering firms and others vitally
concerned with the desalination problem to discuss
various aspects of the problem, which has assumed
urgency due to rapid pace of industrialization, rapid
growth in population and inadequacy of thc existing
water resources.

Wclcoming the delegates to the conference, Dr D. S.
Datar, Dircctor, CSMCRI, gave a resume of the
work on desalination being carried out at different
laboratories of the Council of Scientific & Industrial
Research, Defence and Atomic Energy. Inaugurating
the conference, Dr Jivraj N. Mehta, Chairman of the
Executive Council of CSMCIU, held that provision
should be made for at least 10 gallons of water
per day for human consumption and an equal amount
for livestock consumption in the areas of water
shortage, such as the arid zones of Rajasthan and
Gujarat and the coastal region. Discussions at the
eight tcchnical sessions related to: Membrane pro
cesses; Jon-exchange techniques; Evaporation pro
cesses based on solar energy utilization; Solar energy
measurement; Other desalination techniques; Physi
cal properties of sea-water, scale formation, corrosion
prevention and materials of construction; Economics
of desalination processes and byproduct recovery; and
Survey of water resources, t'vaporation control and
agricultural application. The concluding session was
devoted to formulating recommendations. Fifty-two
papers were presented.

~en1brane Processes

~. Natarajan, V. P. Mehta and M. S. Rajawat
(Defence Laboratory, Jodhpur) reported an electro
dialysis method for the desalination of. brackish
water. The salt content of ground waters available
in Rajasthan is gencrallv within 10,000 p.p.m. of
total dissolved solids (TDS). The use of permaplex
A-20 and C-20 membranes ill 5 as well as 45 compart
ment cells has been studit'd with different current
densities, flow rates and concentrations of salt
solutions and natural brackish waters. A method
for producing indigenously heterogeneous types of
ion-exchange membranes using PVC as a binder
and nylon cloth as reinforcement has also been
developed. Using these membranes,' an electro
dialysis unit capable of producing 20 gal. per day
of desalted water from brackish water has been
designed. \Y. P. Harkare, V. K. Indusekhar and
N. Krishnaswamy (CSMCRI, Bhavnagar) have used
indigenously prepared membranes of sizes 30 X 30 em.
and 91 X 57 cm. in bench scale and pilot plant units
and have established the suitability of the systems for
desalinating sea-water. V. K. Indusekhar, M. N.
Prajapati and P. K. Narayan (CSMCRI, Bhavnagar)

discussed the results of studies on the treatment of
natural brackish well waters in bench scale units
installed at sites. K. P. Govindan (CSMCRI, Bhav
nagar) reported the results of studies on the physico
chemical properties of ion-exchange membranes
influencing the desalination process in relation to
their ion-exchange groups, capacity, water content,
ohmic resistance, diffusible electrolyte content and
transport number. 111. V. Bopardikar and S. R.
Alagarsamy (CSMCRI, Bhavnagar) discussed a
typical design and cost estimate for a brackish water
conversion plant with a capacity of 3 million gal./day
for water supply to 40 villages in Maharashtra.
The design and cost estimate for a 5 million gal./day
electrodialysis waste water effluent plant at the
Worli Sewage Treatment Plant, Bombay, capable of
reclaiming the water for reuse in industries were also
reported. M. M. L. Khosla and R. Natarajan
(Defence Laboratory, Jodhpur) discussed the reverse
osmosis process, which has a bright future. The
question of availability of a suitable semi-permeable
membrane with sufficient mechanical strength was di£
cussed; the investigations in progress were described.

Ion-exchan~e Techniques
B. D. Dasare and U. D. Datar (CSMCRI, Bhav

nagar) discussed the problem of desalination of
moderately brackish waters by the mono-bed de
ionization technique, in which cation and anion
exchangers are intimately mixed in equivalent
proportions. The use of indigenously available
Tulsion 14 and WB ion exchangers for this purpose
has been investigated. A method for the preparation
of a cation exchange resin from low temperature pitch
was described by V. S. Narasimhachar, V. V. Subha
Rao and R. Raidyeswaran (Regional Research
Laboratory, Hyderabad). The exchange properties
of the material are comparable to those of the com
mercially available products. The factors influencing
the choice of a suitable ion-exchange technique for
the treatment of brackish waters were discussed by
W. P. Harkare (CSMCRI. Bhavnagar). Important
among these factors are the raw water composition,
quality of product water desired and its supply and
demand. The economics of the treatment process
decides the selection of site and technique to be
adopted. Y. G. Kher (Saugar University, Sagar)
reviewed the literature available on the gel filtration
technique for the desalination of sea-water; the
efficiency of this technique depends on the degree
of crosslinking in the materials used. By manipulat
ing the conditions of gel filtration, different kinds of
viruses could be retained.

Evaporation Processes Based on
Solar Ener~y Utilization

1\1. L. Khanna (National Physical Laboratory,
New Delhi) discussed the present status of the
technology of desalting of saline water vis-a.-vis
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the enormity of the fresh water shortage problem in
India. Of the various methods used presently,
sO'ar water distillation, multi-stage flash distillation,
reverse osmosis and dual-purpose plants have shown
gr~at potentialities for future use. Future trends
in the design, construction and operation of com
mercial plants in various countries, including Soviet
Ru~sia, S:lUdi Arabia, Greece, USA, Australia and
M;xico were discussed. The need for setting up a
solar w~ter distillation pilot plant at the Central
Arid Z?lle R;search Institute, Jodhpur, was stressed.
The p?ssibility of integrating the nuclear power plants
under c?nstruction in India with multi-stage flash
distillation or other types of plants for desalting of
brackish or sea-water of th; region was suggested.
S. D. GJmkale (CSMCRI, Bhavnagar) discussed the
use of solar stills as a source of drinking water
for isolated comm~nities. The requirement of a
comnratively large area for installation of solar still
limits its me to supply of drinking water to
com:rnnities in isolated places like small islands and
li"hth~IBes. As solar distilled water m;ets the
r:quirem ,nts of sp;cifications laid down for distilled
wlter, the use of solar still for the production of
distilled water is recomm;nded, as it assures a
high return on the capital investm;nt on the still.
S Jm; civil engineering asp;cts of w~ter desalination
plant installations near sea shore were considered
by H. D. GJghari and S. D. Gomkale (CSMCRI,
BJ.J.Vnag3.r). C~nstruction of underground tanks,
reservoirs, foundatiolls for light and heavy machinery
involves the study of soil nature. The major
diffi ;Illties encountered in solar still constructiun are
with respect to th; adjustment of basin slopes,
fixing of precast items, sealing of glass joints, etc.
In th; humidification-dehumidification (H-D) pilot
pInt, the construction of solar collectors poses some
diffi :ulties dlle to the development of cracks in the
brick-lined bottoms of the collectors. S. K. Garg,
M. H. Mehta, S. D. Gomkale and R. 1. Datta
(CSMCRI, Bhavnagar) described the construction
and operation of an H-D pilot plant wherein solar
energy is used to heat sea-water for producing
1000 gal./day of fresh water. Operational data
useful for scale-up of the plant capacity were
presented. The possible modifications in the tech
nique or the construction to overcome the difficulties
experienced during plant operation were also dis
cussed. S. D. Gomkale, S. K. Garg and R. 1. Datta
(CSMCRI, Bhavnagar) discussed the potentialities
of the H-D technique in meeting the requirements of
industrial water. The economics of the process
can be improved if the sea-water, used in the plant
for cooling purposes, is used as the feed to the plant
instead of raw sea-water. P. R. Mehta and G. T.
Gadre (CSMCRI, Bhavnagar) suggested the possible
use of solar stills for meeting drinking water require
ments of labour employed in salt works situated
on the sea coast in Gujarat.

Solar Eneq~y Measurement

M;asurement of solar and sky radiation in India
form;d the subject of a paper presented by A. Mani
[India Meteorological Department (IMD), Poona].
The instruments used at the principal and the
ordinary radiation stations since 1957 for the measure-
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ment of direct solar radiation, global solar radiation,
diffuse sky radiation, net solar radiation and albedo
were described. V. Desikan, O. Chacko and R. D.
Agnihotri (IMD, Poona) presented maps showing the
distribution of sunshine, global solar radiation and
net solar radiation for different months over the
Indian sub-continent. Arid and semi-arid zones in
weitern India receive the highest amounts of energy
for the major part of the year, whereas in the
pluvial regions, particularly on the west coast and
north-eastern part of the country, the radiation
received is very small, especially during the monsoon
months. These maps are important from the point
of view of solar energy utilization. Solar radiation
measurement programmes in coastal India were
described by V. Desikan and C. G. Rahalkar (IMD,
Poona). Global solar radiation is measured at
9 stations along the Indian coast from Calcutta to
Bhavnagar; these stations receive on an average
440 cal./cm.2/day solar radiation. During March
April, the west coast receives the maximum radiation
(530 cal./cm.2/day) which decreases (390 cal./cm.2/day)
during the monsoon months. On the east coast it is
more or less uniform, except when the north-east
monsoon is active. A simple method for computing
the average hourly total and diffuse solar radiation
intensitv from the record of actual sunshine hours was
described by H. P. Garg, R. Ganguli and C. 1. Gupta
(Central Building Research Institute, Roorkee). The
computed values of direct and diffuse solar radiation
on horizontal surface at Poona and Delhi have been
found to be in good agreement with the measured
values. Correlation of solar radiation data with
surface evaporation has been attempted by M. M.
Bhatt (CSMCRI, Bhavnagar); measurements of
intensitv of solar radiation show a maximum value
of 655 cal./cm.2/day in May and the minimum value
of 319 cal./cm.s/day in August. The following
equations correlating solar radiation intensity and
wind velocity with the extent of surface evaporation
of water in the region for the two seasons of the year
have been derived:

E = 0·0IG(H+0·5W)
E = 0·0IG(I·8+0·5W)

where E represents surface evaporation in mm.;
G, global solar radiation in cal./cm.2/day; and W,
wind velocity in km./hr. P. M. Oza. Y. A. Doshi,
D. P. SUIll, V. H. Vaidya and P. S. Rao (CSMCRI,
Bhavnagar) reported a new chemical radiometer
using mercuric chloride - oxalate photochemical
reduction system at pH 5·0 for measuring solar
intensity and light intensities of ultraviolet. visible
and near infrared of solar radiation, which are given
by the following equations:

U = 0·1425+[0·018(1f-27)+0·00004(ft.c-5250)]
U = (A)-0'0184(1f-li)

where U represents moles of mercurous chloride
formed/cm 2 /min.; Ii, If, initial and final temperatures
respectively; andft.c, light illumination. The system
compares favourably in its performance with the
available pyrheliometers.

Other Desalination Techniques
S. D. Gomkale, S. K. Garg and R. L. Datta

(CSMCRI, Bhavnagar) reviewed the developments in
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and applications of the various evaporation tech
niques for water desalination. With high energy
costs it is doubtful whether these techniques would
produce fresh water at comparatively low costs.

. Ccmparative study, however, indicates that solar
stills, H-D technique and low temperature flash
evaporation using solar energy are more suitable for
low capacity plants. The complete process design
of a portable horizontal forced circulation vapour
compression desalination unit of capacity 2000
gal./day of fresh water was presented by P. N. Mehta
and D. K. Guha (IIT, Kharagpur). The design
details are based on the use of sea/brackish water of
10 per cent concentration as raw feed and stainless
steel as the material of construction. N. C. Rawal
(Central Soil Mechanic Research Station, Central
Water & Power Commission, New Delhi) reviewed the
processes for the demineralization of saline water
operated in the Soviet Union, viz. distillation with the
use of fuels, solar-heat distillation, freezing, ion
exchange and electrodialysis. 'Desalination and
Indian Army Engineers' was the topic of a paper by
Lt Col. N. C. Gupta [Research & Development
Establishment (Engineers) Dighi, Poona] in which the
importance of potable water for army use in a desert
sector was stressed; the essential characteristics and
qualitative limitations of the mobile plant required
were discussed. The use of aerodynamic turbines
for the combined production of' electricity and
fresh water using sea-water as the cooling medium
was discussed by O. P. Gandhi (Gujarat Electricity
Board, Power Station, Utran). It was pointed out
that by utilizing waste heat available from the
precooler and the intermediate cooler of the turbine,
150-300 Iitres of fresh water per installed kilowatt
capacity of the plant can be obtained; these turbines
are particularly suitable for use in arid areas.
V. Krishnamurthy and K. Subbaramaiah (CSMCRI,
Bhavnagar) have studied the desalination process in
living systems. M. V. Bobardikar, S. R. Algarsamy
and J. S. S. Lakshminarayana (Central Public
Health Engineering Research Institute, Nagpur)
discussed the recent technological developments
in the field of desalination using nuclear energy
and the possibilities of integrating it with Bombay's
water supply system.

Physical Properties of Sea-water, Scale
Formation, Corrosion Prevention and
Materials of Construction

R. A. Buch and B. P. Choudhari (CSMCRI, Bhav
nagar) dealt with the physical properties of solar
sea-water concentrates, viz. density, viscosity, surface
tension, refractive index, PH, radiation absorption,
etc. Temperatures attained by different concentrates
during evaporation under identical conditions of
exposure to solar radiation have been determined.
B. P. Choudhari (CSMCRI, Bhavnagar) has studied
vapour pressure and activity coefficients of water in
sea-water concentrates. The data obtained give an
indication of the evaporation equilibrium conditions
for these concentrates and are useful in the study
of the evaporation processes employed in the
desalination of saline water. The corrosion and
scale formation behaviour of copper, brass, stainless
steel and aluminium has been studied by P. N.

Mehta and D. K. Guha (IIT, Kharagpur) in the
laboratory using synthetic saline water ot composition
equivalent to that of sea-water in the Rann of Kutch
at 95 + I DC. Corrosion-time curve studies reveal an
exponential trend. However, the curve for alumi
nium, after 600 hr, changes and becomes linear with
high slope, which is attributed to severe deep pittil'g.
Stainless steel has been recommended as the best
material of construction for equipments handling
saline waters. A. K. Lahiri and T. Banerjee
(National Metallurgical Laboratory, ]amshedpur)
discussed various aspects of the problem of selection
of the most economical material with the requisite
physical, mechanical and corrosion resistance pro
perties· and an approximate life of 20 years. The
major problems encountered in the desalination pro
cesses are protection· of structural materials against
corrosion by saline water and marine atmosphere
and handling of sea-water and brin.e. Cement-lined
piping, rubber-lined valves, high alloy steels or iron
(especially nickel- or molybdmum-bearil'g stainlESS
steel) pump, etc., were recommended for har.dlil'g
sea-water. The suitability of different copper-based
non-ferrous alloys for making heat exch<:ngers has
been studied. For evaporator units, carbon steel
and alloy-clad steel have been recommended.
M. J. Mehta and K. Seshadri (CSMCRI, Bhavnagar)
have studied the corrosion of common metals and
alloys, viz. aluminium, brass, copper, iron, monel,
zinc and stainlesssteeJ, in brines and saline atmosFhere
with a view to assessing their relative corrosiveress.
The use of inhibitors and anti-corrosive paints
to prevent corrosion has also been studied. Scaling
problems in plants for desalination by sea-water
distillation were discussed by R. K. Sapre and R. L.
Datta (CSMCRI, Bhavnagar). Recent work on the
control of calcium sulphate scaling was reviewed.

Economics of Desalination Processes and
Byproduct Recovery

Carl N. Hodges (Environmental Research Labora
tory, University of Arizona, Arizona, USA) described
the work done at the University of Arizona and the
University of Sonora Experimental Station at Puerto
Penasco, Sonora, Mexico, on the combined production
of power, fresh water and food. It was stressed that
horticultural crops, and even agronomic crops,
can be produced economically utilizing the waste
blowdown sea-water from the desalination plants
to modulate the temperature and humidity of a
controlled-environment agricultural system. Power,
water and food could be practically produced at
less than half the price being paid for these products
presently in the coastal desert areas of the world.
A cost estimate of fresh water from the dual purpose
power-cum-desalination plants was presented by
P. K. Bhatnagar (Power Projects Engineering Divi
sion, Department of Atomic Energy, Bombay).
Factors such as the sizes of the power plant and the
desalination plant, cost of coal in relation to calorific
value, interest rate, temperature of stearn supplied,
etc., have been taken into account while makirg the
calculation. The results are compared graphically.
The recovery of magnesia and bromine ftOm the
effluent brine of the desalination plant as byproducts
was discussed by K. V. Satyanarayan, B. K. Shukla

133



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

and D. J. Mehta (CSMCRI. Bhavnagar). The eco
nomics of operating a desalination plant coupled with
magnesia and bromine recovery plants of 150 and
5·8 tonne per day capacity respectively were dis
cussed. K. M. Rao (CSMCRI, Bhavnagar) suggested
forced evaporation of marine bitterns left after
desalination for the production of potassium chloride.
Based on data obtained from laboratory experiments
with a single stage evaporator operating- at atmo
spheric and low pressures, the estimates of operating
and capital costs for single, double, triple and
quadruple effect evaporators for a plant producing
simultaneously 2 tonnes potassium chloride and
20,000 gal./day of fresh water were presented. In
two papers. E. M. Feist and R. Matz (Negav Institute
for Arid Zone Research, Beersheva, Israel) discussed
the feasibility of production of fresh water and salt
by multi-stage flash distillation using a solar pond.
Discussing the influence of various factors on the
choice of desalination techniques for India, M. H.
Mehta. W. P. Harkare and D. S. Datar (CSMCRI,
Bhavnagar) recommended the use of ion exchange or
electrodialysis technique for brackish waters, solar
still for isolated small communities. H-D technique
for larger communities as well as industrial water
supplies and dual purpose plant for industrially
populated cities like Bombay and Madras.

Survey of Water Resources, Evaporation
Control and A~ricultural Application

R. K. Shah, A. M. Trivedi and S. C. Vora (Uni
versity School of Sciences, Ahmedabad) presenting a
salinity map of surface and ground waters in Gujarat
discussed the various parameters of importance. viz.
chloride-bicarbonate ratio, electrical conductivity
and the geochemical types of waters. Discussing the
water resources of western Rajasthan, T. N. Bhar
gava, C. P. Mathur, T. C. Tak and Inder Singh
(Defence Laboratory, Jodhpur) presented a map
demarcating the areas containing potable and
non-potable water based on detailed studies under-
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taken on thc quality of ground watcr available in
Barmer, Jaisalmer, Jodhpur and Bikaner districts.
A. V. Rao (CSMCRI, Bhavnagar) presented the
results of two years' field experiments conducted at
a 470-acre reservoir near Bhavnagar using mono
molecular films of a 50: 50 mixture of cetyl and
steary} alcohols for controlling evaporation losses.
E. R. R. Iyengar and T. Kurian (CSMCRI. Bhav
nagar) reviewed the studies carried out in different
countries on the application of saline water for plant
growth. K. V. Raghava Rao, A. A. Rao and C. S.
Doshi (Exploratory Tubewclls Organization, Ministr~'

of Food, Agriculture, Cooperation & CD) have studied
the brackish and saline ground water resources as
revealed through ground water exploration; the areas
where sub-surface water resources need desalination
treatment were highlighted. S. P. Raychoudhuri
(Planning Commission, New Delhi) discussed the
transformation of clav minerals in soils under
irrigation with saline \~aters. The changes in clay
mineral components shift the equilibrium, which
depends on the concentration of different ionic species
present in the soil solution and affects the soil
structure appreciably. This slow transformation of
clay minerals in saline and alkaline soils may lead
to the formation of mixed layer structures of the type
montmorillonite-illite, montmorillonite-vermiculite,
vermiculite-chlorite, etc., whose influence on the
physical properties of soil is not yet understood
properly.

In the concluding session, the conference recom
mended the formation of a Coordination Committee
on Desalination consisting of Dr D. S. Datar, Director,
CSMCRI, Bhavnagar, Dr V. Ranganathan. Deputy
Chief Scientist, Defence Research & DeveloFment
Organization, New Delhi, and Shri V. N. Meckoni,
Department of Atomic Energy, Bombay, with
powers to coopt members from industry and other
organizations in the country and the establishment of
an information centre on desalination at CSMCRI,
Bhavnagar.
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... (4)

I N recent years, physicists and chemists have
shown increasing interest in molecular pro
perties and molecular structures. The nature

of the chemical bond in a molecule is perhaps the
most important property to be understood. Most
of the information on the subject is available in terms
of empirical formulae, because rigorous mathemati
cal treatment for several bond properties of mole
cules is complicated and hence it is carried out only
for the simple types of molecules. This article
reviews the present state of information about such
bond properties of molecules as group electronega
tivity, ionic character, partial double bond character
and the s-character of the bonding orbitals.

Electronegativity
Rigorous mathematical methods which attempt

to express the properties of molecules in terms
of the motion of individual electrons are very com
plicated for all except the simplest type of mole
cules. Attempts to define and measure the overall
properties or lumped constants of the atoms. such
as electronegativity, which can be used in approxi
mate but widely applicable calculations are, therefore,
of great importance.

The concept of electronegativity is very im
portant in systematizing experimental data. Several
methods have been proposed for evaluating this
important qualitative property of an atom, described
by Paulingl as " the power of an atom in a molecule
to attract electrons to itself " .. It is because electro
negativity is concerned with atoms in molecules,
rather than atoms in isolation, that its precise
measurement is not easy.

Pauling set up a scale of electronegativity values
and obtained relative values from the extra ionic
reSOnance energy of a chemical bond between un
like atoms. His scale of electronegativity is defined
by the expression

... (1)

where XA and XB represent the electronegativities of
the atoms A and B respectively, which are joined
in a chemical bond, and where 6. represents the
energy in excess of that expected for a purely co
valent bond AB. The extra ionic reSOnance energy
6. (in kcal.jmole) is given by

6. = D(A-B)-;HD(A-A) + D(B-B)J

where D(A-A), D(B-B) and D(A-B) are the bond
energies of the A-A, B-B and A-B bonds
respectively. For convenience, x for hydrogen was
originally taken as zero in order to construct an
electronegativity scale parallel to the electromotive
series of the elements.

Using Pauling's method, Huggins2 reassigned
electronegativity values to the more common chemi
cal elements. Huggins' values, with a few excep
tions, were higher than those assigned by Pauling.

If the Huggins scale is shifted downward by 0·1
and the values rounded off to two significant figures,
it is found to agree well with the Pauling scale.

The best theoretical definition of electrcnegativity
was given by Mulliken3, based on the concept that
the energy expended in going from the covalent
molecule A-B to the ionic states A+B- and A-B+ is
equal if. A and B have the same electronegativity.
Based on qualitative theoretical considerations aris
ing from a comparison of the results with Pauling's
relative scale, Mulliken proposed that the electro
negativity of an element is measured by the arith
metic mean of its first ionization energy h and the
electron affinity EA'

IA+EA
XA = -2- ,.. (2)

Since the zero point of Pauling's scale is arbi
trary, there is no compelling reason to anticipate
a direct proportionality between Mulliken and
Pauling's scales; however, a linear relation must
hold, if both the definitions represent the same
property. Hinze and Jaffe4 suggested the follow
ing correlation between the two scales:

0·168(xM-l·23) = Xp

Pauling found that by empirical manipulation, the
ionizatiGn energy and the electron affinity could be
made to give almost the same values of the electro
negativity for monatomic elements. The sum of the
ionization energy and the electron affinity ~xpressed

in kcal.jmole and divided by 130 was almost identi
cal with the original values of x increased by 2·1
(making XH = 2·1 instead of zero). Though
Mulliken's method has a somewhat better theoretical
basis, it is not as widely applicable as that of
Pauling. However, the values determined by' this
method have served the useful purpose of fixing the
origin of the more extensive relative scale of Pauling,
so that it is no longer arbitrary.

Gordy5 defined the electronegativity of a neutral
atom of a stable molecule as the potential resulting
from the unscreened nuclear charge of the bonded
atom effective on a bonding electron when the
bonding electron is at a distance from the nucleus
equal to the covalent radius r, where

x = (Z,f!.)e ... (3)
r

However, a shift of the origin and a proportionality
factor were found necessary to bring the values
thus determined into agreement with the Pauling
scale and the following equation has been proposed
for the electronegativity of an isolated atom:

(11.+1) 5x = 0·31 -r- +0, 0

where n is the number of valence electrons of the
neutral atom.
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Iczkowski and Margrave6 defined electronegati
vity as a derivative of energy with respect to charge.
However, their definition is not satisfactory; it
ignores completely the orbital dependence of electro
negativity, and assumes that the energy of an atom
is a continuous and a single-valued function of its
charge. That the function is not single-valued is
apparent from the fact that a variety of different
valence states with different energies are readily
obtained for a given element4,7.

Hinze et a/.7 developed a new definition of
electronegativity, considering it to be a property
not of the atom as such, but of an individual orbital
of the atom. However, electronegativity could be
defined in this way only for bonding orbitals; hence,
they suggested the term 'orbital electronegativity'
for the values thus calculated. Following Pauling,
they defined orbital electronegativity as a measure
of the power of an atom, as it may exist in a mole
cule, to attract an electron in a given orbital to
itself. Thus, orbital electronegativity can be defined
as the derivative of the energy of the atom in its
valence state with respect to the charge in the
orbital, i.e. the number of electrons in the orbital
for which the electronegativity is defined as

'OE
xi = " ... (5)

<J"i
where ffj is the occupation number of the jth orbital,
the orbital electronegativity of which is xi'

The above definition contains Mulliken's definition
as a special case. Since Mulliken's and Pauling's
definitions were shown to be substantially equivalent,
it was apparent that this new definition represented
a generalization of the original definitions, and left

. the previous work substantially unaffected. The
electronegativity concept, as it was used by these
authors, gives a measure of the power by which an
atom, in its valence state, attracts an additional
electron for bond formation. Consequently, electro
negativity is a property of an atom before a bond is
formed.

The advances in this field were reviewed by
Pritchard and Skinner8. The different electro
negativity values of the elements as determined by
different workers employing different methods were
compared by Pritchard and Skinner8 and Gordy
and Thomas9• However, the methods of determining
electronegativity, less acceptable than those des
cribed so far, are not dealt with in this review.

Group Electronegativity
The electronegativity of an atom in a molecule

differs from that of an isolated atom, as it depends
not only on the electronegativity of adjacent atoms,
but on its degree of hybridization and various bond
interaction effects. Of course, theoretically, the
electronegativity of an isolated atom will also
depend on its degree of hybridization. According
to Walsh10 and Moffittll , an increase in the amount
of s-character in the hybrid orbitals of the carbon
atom increases the electronegativity of the carbon
atom. Many attempts were recently made to deter
mine the group electronegativity of a radical and a
wide diversity of molecular properties were found to
be correlated with group electronegativities7- 9,12-29.
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Of the various procedures developed, that of
Hinze et a/.7 is important and will be discussed
briefly. Using their definition of orbital electro
negativity, Hinze et a/.7 determined group orbital
electronegativity in a manner exactly analogous to
the determination of atomic orbital eJectronegati
vities. Group electronegativity depends on the
bond that the group will form because, by definition,
it is a property of the group obtained by an adia
batic breaking of this bond. Thus, the entire
electron distribution in the group is assumed to be
identical to that in the final compound. This is a
limitation which applies to all group eJectronegati
vities and suggests that any empirical value must
depend on the compound from which they are
obtained.

The procedure to obtain group orbital electro
negativities outlined by Hinze et a/.7 requires the
occupation numbers for the bonds within the group.
The occupation numbers are derived from bond
electronegativity, defined as the electronegativity
of orbitals forming the bond, after charge has bee~
exchanged between them. It was shown that this
process of charge exchange equalizes the eJectro
negativity of the two orbitals forming a bond to
lower the energy of the molecule.

Hinze et al. 7 calculated the electronegativities of a
series of groups. These calculations needed the
degree of hybridization of the central atom which
was obtained from the bond angles. This procedure
of estimating hybridization from bond angles is
questionable and often leads to an incorrect or
impossible amount of hybridization30 • Moreover,
these calculations were made on the assumption that
none of the halogens is hybridized. This is possibly
an incorrect assumption, especially since recent
calculations based on nuclear quadrupole coupling
data have indicated considerable s-character in
chlorine, bromine and iodine organic compounds.
Also, no account of the rehvbridization of the atoms
was taken into consideration which might lead to
erroneous values of group eJectronegativities. Al
though this procedure is fundamentally straight
forward, it is very lengthy and hence not practicable.

At present, there does not seem to exist any
reliable empirical expression for obtaining the group
electronegativity of a radical and, hence, it appears
profitable to look at some of the empirical expres
sions in the literature to see if these could be applied
to atoms in molecules.

Pauling's relation [Eq. (I)J actually applies to
atoms in molecules. For diatomic molecules it
gives atomic electronegativities, while for poly
atomic molecules, if dissociation energies are used,
group electronegativities would be obtained. Actual
ly, for polyatomic molecules Pauling used mean
bond energies instead of bond dissociation energies
and his electronegativity values obtained from
polyatomic molecules were an average of the pos
sible group electronegativities of the radicals MX.-1,

MX._2 , .•. with the atomic electronegativity of M.
Unfortunately, at present, relatively few dissocia
tion energies of bonds in polyatomic molecules are
known accurately and it, therefore, does not seem
profitable to try to obtain group electronegativities
from Pauling's relation.
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TABLE 1 - GROUP ELECTRONEGATIVITIES OF DIFFERENT RADICALS

Radical Electronegativity value

Chandra and Hinze Wilmshurstl' Kagarise13 Dailey and Muller and
Chandra" et al.' Shoolery" Pritchard"

-OH 3·33 3·53 3-89 3-51 3045
-SH 2'56 2-35 2·61 2·45
-NC 3042 3049
-CN 2-98 3-17 2·52 3·20
-NH, 2·88 2-82 3040 2·99 3'00
-NO. 3·19 3·45 3-65
-CHI 2·42 2·30 2-63 2·34 2-60
-CH.F 2-39 2-61
-CHF. 2·35 2·94
-CF. 2·32 3·29 3·20
-CH.CI 2·31 1'47 2'74 1'48
-CHCI. 2-19 2-63 2-88 2-62
-CCI. 2·07 2·79 3·03 2·76 2-95
-CH.Br 2·29 2·40 2-44
-CHEri 2·15 2-49 2·55
-CEr. 2·01 2·57 2-65
-CH.I 2'25 2·38
-CHI. 2·08 2·44
-CIa 1·91 2·50
-SiH. 1·90
-GeH. 1·84
-COOH 2-65 2·57 2·85
-C:CH 2-89 2·90
-COCH. 2·54 2-65

where 'YA and 'YB are atomic orbitals for atoms A
and B. If 'Y is normalized, a2+b2+2abS = I,
where 5 is the overlap integral .f'YA'YBd~. The ionic
character for such a heteropolar bond may be
defined as (a2 _b2), i.e. it is the difference between
the probabilities for the electron to be found on
atom A or B.

If the diatomic molecule AB of bond length r,
which is the equilibrium internuclear distance of
the two atoms forming the bond, is completely
ionic A+B-, its dipole moment would be given by
the product re, where e is the electronic charge.
The observed dipole moment, however, is Ii and
assuming this moment to be due completely to the
ionic character of the bond, the ionic character (~)

can be defined as

Pauling' calculated the ionic character of chemical
bonds in diatomic molecules from the observed
values of the electric dipole moments using this
definition. From these estimated values of ionic
character he constructed a curve relating the
amount of ionic character of a bond A-B to the
difference in electronegativity XA -XB of the atoms.
The curve was represented by the empirical
equation

~ = 1_e-0·2.(•• - ••), ...(12)

Eq. (12) does not hold good for large (XA-XB)

values.
Hannay and Smyth33 proposed another relation

for the ionic character (~) of the single bonds be
tween atoms A and B with electronegativities XA

and XB respectively.

~ = 0·16IxA-xlll+O·035IxA-xBI2 ... (13)

probably did not take resonance contribution into
account.

Ionic Character
The description of a chemical bond usually

involves specifying the amount of ionic character,
the orbital hybridization, and the degree of bond
multiplicity. This threefold complexity makes the
interpretation of a given bond structure difficult.
Since the diatomic halides are believed to involve
bonds which are essentially single, complications
due to multiplicity are avoided. Hence, it is pos
sible, from a study of these comparatively simple
molecules, to obtain some information about the
ionic character of bonds (and to a lesser extent
about hybridization) which may be used as a guide
in dealing with more complex systems. To a first
approximation, however, it may be assumed that
each component of the multiple bond has the same
ionic character.

Let us consider a molecule AB formed by the
two atoms A and B, where the atom A has the
same electronic configuration as in halogens, i.e. one
electron less than the number required to form a
closed shell. When the two atoms combine to form
the molecule AB, their electron orbitals overlap,
leading to a net reduction in the energy of the mole
cule with respect to the total energy for the two
free atoms. This reduction in energy explains the
stability of the molecule. The principal overlapping
occurs between the outermost p,-electrons directed
along the internuclear axis producing a a bond.
The two electrons forming the a bond move in a
molecular orbital 'Y, which is usually chosen as a
linear combination of the atomic orbitals on the free
atoms.

... (10)
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Eq. (13) is obviously not to be applied at the
extreme limits of the electronegativity difference,
where the approximate character of the underlying
theory renders the calculation of a very small
amount of covalent character or a very small
amount of ionic character meaningless.

The dipole moment for a heteropolar bond is given
by the expression

~experimental = er~+ !-Loverlappiog+ llhybridization+tJ.polarization

... (14)

The first term is the so-called primary moment which
arises from the ionic character of the bond, and the
seco:1d, third and fourth terms represent the moments
due to the overlap of orbitals from atoms of un
equal size, hybridization of the valence shell orbitals,
and polarization of the nonbonding electrons respec
tively. In view of the complexity of Eq. (14), no
close correlation of p./er with electronegativity dif
ference would be expected. A satisfactory rough
correlation is actually observed. This would seem
to be empirical evidence for considerable mutual
cancellation of the overlap, hybridization and polari
zation terms contributing to the dipole moment.
Pauling assumed only the first term in Eg. (14)
to be important and ignored the contribution of
the overlapping, hybridization and polarization
terms. Although the polarization moment is con
siderably small, the overlap and hybridization
moments are often very large34 and could con
tribute greatly to the observed dipole moment.
Unfortunately, it is not possible to use an equation
of this form to compare the calculated and measured
values of dipole moments, because the polarization
term, which is always of opposite sign to the
primary moment, at least for large values of the
ionicity, is particularly difficult to evaluate. Since
accurate estimates of these contributions are not
available, the observed correlation between p./er
and electronegativity differences indicates that
dipole moments may be used as some sort of guide
in evaluating ionic character, but reliable values of
the ionic character cannot be deduced from the
dipole moment data alone.

Gordy3s-37 suggested another relation [Eq. (15)]
between the electronegativity difference (XA -XB) of
the two atoms in the bond A-B and the ionic
character (~) of the bond.

~ = tIXA-XBI for IXA-XB/ < 2
= 1 for IXA-XBI > 2 ... (15)

Gordy obtained Eq. (15) by plotting the ionic
characters, as determined from nuclear quadrupole
coupling constants for some diatomic molecules
against the electronegativity difference of the two
atoms in the molecule. To arrive at this relation,
Gordy assumed no hybridization for the halogen
bonds except in certain special cases and he selected
a list of diatomic and polyatomic molecules.

It seems inappropriate to use a particular selection
of polyatomic molecules, such as those picked by
Gordy and to ignore others which appear equally
reasonable, but which give conflicting results. For
example, Gordy did not consider Fel and FBr
because of the uncertainty in the correction for
positive ionic character and the possible occurrence

of the double bond character in these two molecules.
Also, the assumption of no hybridization for the
halogen bonds seems to be incorrect, since recent
calculations on nuclear quadrupole coupling and
nuclear quadrupole resonance data have indicated a
considerable amount of hybridization in organic
halogen compounds. The assumption that all bonds
between atoms with an electronegativity difference
equal to or greater than two units (on Pauling's
scale) have 100 per cent ionic character is not per
fectly true. For instance, it gives 100 per cent
ionic character for such bonds as SiF and GeF and
BF, which are norm'aIly thought to be reasonably
covalent!.

Townes and coworkers38 •39 derived an S-shaped
curve for the relation between the ionic character and
the electronegativity difference. A similar curve was
also obtained primarily from quadrupole coupling
constants in diatomic molecules. However, Dailev
and Townes overlooked the double bond characte'r
and the d-hybridization in the analysis of the
quadrupole coupling data fc.r obtaining this curve.
Moreover. the s-hybridization has been evaluated
from their rule that the halogen bonds are hybri
dized with 15 per cent s-character whenever the
halogen is more electronegative by 0·25 unit than
the atom to which it is bonded, otherwise there is
no hybridization. This rule is arbitrary and has
been shown to be incorrectU .

Gordy's straightline relationship was, however,
a fairly satisfactory rough approximation to the
S-shaped curve over most of the range of electro
negativity differences. Nevertheless, these curves
differ in their finer details to the extent they depend
on hybridization. At the top of the curve, in the
region l~xl ~ 2, the large number of points avail
able for alkali halides indicate a definite devilltion
from a simple linear relationship. In the middle
of the curve, near l~xl = I, points for the mole
cules Fel and FEr show a considerable difference
between the two curves. The two curves differ
most markedly for electronegativity differences
lying between L·5 and 1·0. a region in which limited
data are available on which to base a decision.

The use of polyatomic molecules to establish a
relation between ionicity and electronegativity dif
ferences seems inappropriate, because the bond
interaction effects make it difficult to assign an
accurate electronegativity value to an atom form
ing more than one bond and in the case of poly
atomic molecules group electronegativities32•4o must
be used instead of the electronegativities of the
atoms in free states.

It is not possible to decide whether Gordy's or
Townes and Dailey's rule is better. Essentially,
both the rules are based on plausible choices for the
values of s-character (S2), d-character (d2), ionic
character (~), and double bond character (8), in
the equationU

Up = (l-s2+d2-~_8/2) ... (16)

where Up represents the unbalanced p-electrono.
obtained from the quadrupole coupling constants in
molecules. Since, there is only one quantity, Up,
known for most of the molecules from the quadru
pole coupling data, one could make alternative
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... (20)

... (19)

Hence. no measure of the double bond character is
available from '~' which has a value of zero. More
over, this method is limitecl onlv to those molecules
whose microwave spectra are' well studied and
which show nuclear quaclrupole hyperfine structure.
Tim" this method, though accurate, is somewhat
complicated in analysis and applicable only to a
limited number of molecules.

The length of a single bond between the two
atoms in a molecule is generally less than the sum
of the covalent radii of the two atoms. This
shortening is primaril~' attributed to the partial
ionic character of the bonds. However, in most of
the cases the observed shortening of the bonds is
much larger than that theoreticalh' expected On
t.he basis of the partial ionic character. This addi
tional shortening is explained by assigning a double
hond charactt-r to the honels,,4'.

Based on these considerations, Pauling proposed
a semi-empirical rule to evaluate the double hand
character of the bonds l According to this rule.
if R, and N2 represent the bend distances for single
and double bonds between the two atonb and R,
the observed distance, then

H _~ I/,N., !-311 2 1<2

tl,+.\Cl 2

where II, and 1/2 are the fractional importauce of the
single and double bond structures. Thus 112 cor
responds to 0 and III = I-i), so that

/)_~ N.,~N._
N,·;-·l.l<-.l!<"

The distances H, and R2 might be obtained from the
singly- and doubly-bonded covalent radii of the
atoms tabulated by Pauling. Thus, if R'A and N'1l
refer to the single bond covalent radii of atoms A
and B, then

R, .~ R,,+N.11I-O·O\llx.,-x,,1 ... (21)

The last term is a correction due to Stevenson and
Schomaker" with IXA -XIII representing the electro
negativity difference between the two atoms. A
similar relation holds for the double bond radii of
the two atoms. Most of the calculations on the
double bond character were made following this
approach,,4.. These calculations use the values of
the partial ionic character which are verI' lik"h' to
be incorrect, as discussed earlier. AIs'o, it 'was
seen that Eq. (21) did neither hold good nor did it
reproduce fairly the observed single bondlengths&O,51.

The values of the partial double bond character
from this equation would, therefore, be erroneous.

A method for evaluating the partial double bond
character based on the principle of electroneutra
lit y52 was suggested by one of the present authors.
As pointed out earlier, the amount of the negative
charge that would be placed on the atom A (if
XA > xn) in the bond A-B due to the partial ionic
character is given by (XA-XB)!(XA-Xn). The same
amount cf charge would be placed on the atom B,
but with an opposite sign. Exceptionally large
charges may result from the partial ionic character
of the bonds between atoms having widelv different
electronegativities, if there is no wav in 'which the
charges can be reduced. Electron donors such as
the halogens and oxygen atoms are able, under

where the notations have their usual meaning.
In the molecules having cylindrical symmetry about
the line joining an atom to its neighbour, nO dis
tinction is possible between the P.- and py-electrons.

If a bond has propertie,; intermediate between
thos~ of an ideal single and an ideal double bond
(between the same atoms). it is described as a single
bond with double bond cl,aracter. When P.- and
t>y-electrons on both atoms forming the bond also
take part in bond fomlation between the two atoms,
portions of the electron cloud from the outermost
P.- or /Jy-stat.es of the atoms move into the region
between the atoms in order to overlap with each
other and produce 7t bonds perpendicular to the (J

bond. The double bond character due either to the
P.- or py-electrons is defined by the fraction 8 a"

[

Electron densitr in the] [Electron d<'nsity in the]
Il = p., (or py) state of the - ,px (or P,l state o( till'

free atom hound atom

For the case of planar molecules, the double bond
character may be ascribed entirely to the conjugation
of P.- orpy-electrons, and a relation may be established
between the asymmetry parameter for the halogen
nuclei and the double bond character of t.he bond in
which the halogen is taking part43-46. Goldstein47

developed the following expression for eva luating I)
with thehelpofthe nuclearquadrupolecouplingdata:

I) - '1...- 'I.,y _ ·~X" (18)
- --3 ~- - '=3-- ...

TeQqatolDic Z-fQqalonlic
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choices of ~, (s2-d2) and I) and still match the
data fairly well with Eq. (16).

A new and important semi-empirical relation
between the ionic character of a bond A-B and the
electronegativities (XA, XB) of the two atoms forming
the bond wa" derivecl by Wilmshurst41 For a two
electron bond the pair of electrons would elivide
them'ielves between the two atoms in the ratio of
their relative electronegativities, such that a frac
tion 2XA I(;\:A +:'(11) of electron atmosphere weulel be
Oil the atom A and a fraction 2XIl!(XA +XII) on elec
tron atmosphere on the atom H. The ionic char
acter of the bond can then be defined as half the
excess number of electrons on one atom relative to
the other as given by the equation

'r~ ~ !:rA--x,,1 ... (17)
(x ..,+x,,)

Eq. (17) is equally applicable to the calculation
of the ionic character in diatomic molecules, as
well. a, to the calculation of the ionic character "f
bonds in polyatomic molecules, but in the latter
case group e1ectronegativities must be used. In
contrast to previous similar relations Eq. (17) doc,;
not allow anI' one single curve of ionic character
against electronegativity difference te' be plotted.

Barrow4'!, using a one-dimensional potential well
model of the chemical bond. calculated the ionic
character of a number of diatomic molecules. His
re,;ults. in general, agreed with the values obtained
from Eq. (17). while hi, treatment also showed that
no one single ionic character versus electronegativity
relation wonld be expected.

Double BOnd Character
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the,e circumstances. to swing another pair of elec
trons into position for hond formation and electron
acceptors, e.g. cyanide and nitro groups. can pro
\·ide an orbital for a pair of electrons from the rest
of the molecule, thus giving some double bond
character to the bone\. This double bond character
can be estimated from the concept of the electro
neutrality according to which. in general, tIH' elec
tronic structures of substances are such as to cause
each atom to haw essentially zero resultant ('Iectric
charge. The charge IXA -xu I/(xA -xn) wculd be
reduced to zero, if this bond has fll XA -xu!1
(x, -xu) 11 001 per cent double bond character.
Hence, partial double bond character is givcn by'"

S=IXA-XIJI )
(XA+XU) ... (22

For polyatomic molecules. the value of group
clectronegativity is to be m:ed in Eq. (22). The
double bond character in a bond is equal to the
ionic character of the hond which gives rise to the
partial double bond character. The advantage of
this method of evaluating S is that it invclves onlv
the knowledge of the values of XA and XIJ which cail
]w obtained easily.

The s-Hybrid Character of the
Bonding Or.bitals

A chemical bond is generally formed hI' using
stronglv directed atomic orbitals as a result of
mixiug's and p atomic states. Actually. it is well
known from valence theories that a stronger bond
is produce<] if the bonding electrons are in orbitals
made up of s- and jJ-states of the atoms instead of
pure 1'-states, This mixing of sand p atomic
states. leading to stronglv directed atomic orbitals.
is known as hl·bridization53. The s-hybrid character
of the atomic orbitals of any atom bonded with
other atonb depends upon tlie angles between the
\'ariou,; bonds. For a molecule consisting of a cen
tral atom bonded bv two other atom,;. let the two
honds be described fw the following two s-1' h\"l)rids

(l-sill/",!,P! + s!'!', (23)

(I-S~)1/"'YP2+ S2'!" (24)

The wave functions 'Fr , and 'Yr, refer to p-states of
the ;ltom, snnnH'tric about the two hond dircctions,
and '!', refers to the s-state. Since thc two bonds
are independent of each other. the two states shown
in Eqs. (23) and (24) must be orthogonal. If e is
the angle hetween the two bonds, this condition
r~quires that

SIS2+[(I-SV(l-S~)J1/"cos e = 0 ... (25)

if onlv s- and p-orbitals are involved and the two bonds
are ,;imilar (i.e. s. = S2 = s), then Eq. (25) yiekls l •39,46

,? cos e
s- = cos- O~-I ... (26)

which gives the amount of s-character on each bond:
However, Eq. (26) is not always an accurate indica
tion of the hyhridization and sometimes gives a
mislcading or impossible estimate30. There are two
possible sources of error in the value of S2 deduced
from Eq. (26) (ref. 46). Firstly, there may be
some d-hybridization present due to which the wave

functions [Eqs. (23) and (24)J do not give accurate
descriptions of the atomic orbitals on the central
atom54 and, secondly. the repulsion between the
atoms bonded to the atom of interest'3 causes
error. While the first source of error would be more
important for heavier atoms, the second would
depend on the sizes of the attached atoms as well
as on the net charges on them in the molecule.
Moreover. this method does not give any information
about the s-character of the bonds when the atom
in que,tion is chemically bonded to only one other
atom, Such a ,ituation occurs in most of the halo
gen compounds, Hence. recourse to other more
general and accurate methods is taken in determin
ing the s-character of the bonding orbitals.

s-Character from Nuclear Quadrupole
Coupling Consumts

The measurement of nuclear quadrupole couplings
in molecules provides a new means of .investigating
the electronic structures of molecules. This coupl-

ing constant depends on the value of nuclear spin 7.
on the nuclear quadrupole moment Q, and on the

-+-+
tensor quantity VVV. where V is the electrostatic
potential due to all charges external to the nucleus
having a quadrupolc moment. A set of coordinate
axes is usuallv chesen, so that the svmmetry tensor
mal' be described in terms of the three components.
q" = ()2V/i)z2. Ilvl' = (j2VliJy2, and qxx = (j2Vlilx2• with
Iq" I the largest. In the analysis of the experimcn
tal data for cases where the field is symmetric about
the z-axis. qxx = qyy = -!-q" and the experimental re
sults are given as values of cQq", which is the quadru
pole coupling constant. If the field does not have
"I'mmetrv about the z-axis. the data are usuallv re
r;ortecl in' terms of cQq" and an asymmetry parameter

... (2i)

The fundamental quantities <Qq" and "t) may he
determined by quadrupole resonance, microwave,
molecular and beam spectroscopy measurements.
TIll' asvmmetry parameter 'f; does not involve any
properties of the nucleus and can be interpreted in
terms of the electron distrihution in molecules.
The quantity rQq" involves a nuclear property Q
and a molecular property q", The nuclear quadru
pole moment Q i,; a measure of the departure of
the nuclear charge distribution from a spherical
shape. It depends on the state of the nucleus and
mav be considered fixed. since nuclei will almost
ahvavs he encountered in their ground state. The
sign and magnitude of Q can he very roughly esti
mated from nuclear theory and in some cases it may
also be approximately estimated from radio fre
quency atomic beam techniques55, The quantity
If" can be estimated if the charge distribution over
the molecule is known. This involves a precise and
rigorous knowledge of the wave functions for the
clectrons in the molecule. A direct thcoretical
determination of these quantities is usually very
complex and since accurate calculations of q'"
for the molecules cannot be performed, many
workers12 •36,37.39.56.57 relied upon simpler semi-empiri
cal considerations to evaluate q" and to derive
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relations between the charge distribution and the
quadrupole coupling constantS.

Townes and Dailey58,57 developed a simple rela
tion between eQg and the approximate wave func
tions for the bonding electrons in a molecule. For
the special case of a diatomic chlorine compound
they gave the approximate equation:

eQg ~ (1+52-s2+d2)(1-~)eQgatomic ... (28)

In deriving Eq. (28) it was assumed that the wave
function for the "bonding electrons in the neighbour
hood of the chlorine atom may be represented by

'Y = vi-so-d2 'Yp ± vS2 'Y, ± vd2 'Y4 ... (29)

where S2 is the amount of the s-character in the
bonding orbital; d2, the amount of the d-character;
~, the ionicity; and 52, the value of the square of
the overlap integral. The general form of this
relation has not been challenged, but methods of
using it have differed widely.

From Eq. (28) it is evident that the quadrupole
coupling for an atom in a molecule is also affected
by the overlap of its valence wave functions with
that of the atom to which it is bonded. The role of
overlap effects in determining quadrupole coupling
cunstants is a puzzling one and, unfortunately, the
precise effect of overlap on the quadrupole coupling
constants is very difficult to evaluate theoretically.
Townes and Dailey in their analysis of the experi
mental values of quadrupOle coupling constants
rejected the overlap effects. The rejection of the
overlap contribution implies that neither the valence
bond nor the molecular orbital theories provide an
adequate link between atomic and molecular wave
functions for this purpose. The overlap integrals
are not negligible and in Cl2 and Br2 they amount,
according to Mulliken58, to 0·34 and 0'31 respec
tively. Qualitatively their omission suggests that
no bond has been formed and quantities such as
ionic character and hybridization, defined on the
basis of atomic wave functions neglecting overlap,
cannot be carried over to molecules and con
sequently are of doubtful significance.

Schatz59 attempted to overcome the above diffi
culty by including the overlap term explicitly in
calculations of the field gradient in CI2, HCl and
CH3CI, using Slater orbitals. He reported the
presence of about 17 per cent s-character in the Cl.
bonding orbital. This value, however, appears to
be improbably high. Gordy37 argued that it was
incorrect to apply molecular orbital theory in this
wav, since the choice of the wave functions implies
that the electronic charge is displaced from the
region near the nucleus, which is important in
determining quadrupole coupling, when a bond is
formed. Such a displacement is unlikely, since the
required overlap may be obtained more readily by a
choice of orbital which redistributes the charge on
the periphery of the atom. In this Case, the mole
cular wave function would be changed relatively
little near the nucleus and so the field gradient in
the homopolar diatomic molecule and the atom
would be nearly the same, as is found experimentally
for chlorine. An analysis by Das60, of the coupling
constants of a number of boron compounds, sup
ported this view. The molecular orbital method
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including overlap gives too low a value for the
field gradient, and better results are obtained by
omitting the overlap term. The resolution of the
difficulty must lie in the use of more accurate wave
functions to describe molecules. There is evidence
that molecule formation is accompanied by a
contraction of the orbital compared with its distri
bution in the free atom; this may be accounted for
by simply attributing to the nucleus a larger formal
charge than is implied in the use of Slater orbitals61 •

Craig and Magnuson62 discussed the behaviour of
sulphur from this point of view, and Bersohn83
obtained better agreement between the calculated
and experimental field gradients at the hydrogen
nucleus in some C-H and O~H bonds in this way.

Richardson64 suggested that the neglect of over
lap is partly compensated for by using the very
approximate Slater wave functions rather than the
more accurate functions. Thus, while dealing with
nuclear quadrupole coupling constants it appears
permissible to ignore the overlap integral and
normalize the wave functions by setting 5 = 0
(refs. 37, 65). However, Townes and Dailey58 oveJ;.
looked the effects of the partial double bond charac
ter of the bond and also neglected the possible
occurrence of d-hybridization. Further, they stated
quite arbitrarily that the halogen bonds are hybri
dized with 15 per cent s-character whenever the
halogen is more electronegative by 0·25 units than
the atom to which it is bonded but otherwise there
is nO hybridization.

Gordy37,85 considered a diatomic molecule A-B
bonded by a pair of electrons in the bonding orbital
'F. Taking the A-orbital in question to be re
presented by the wave function 'YA, and the B-erbital
with which it gets involved by 'YIl , the linear combi
nation of the atomic orbitals86 , i.e. the new mole
cular orbital 'Y may be expressed as

'Y = a'YA+b'YIl ... (30)

with the yet undetermined mixing coefficients a
and b. This is itself an approximation, since it
neglects the hybridization terms from other atomic
orbitals. The coefficients a and b are chosen to
have values which associate 'Y with minimum
energy. The charge density due to the bending
electrons (proportional to 'Y2) is given by

'Y2 = a2'Y2 + 2ab'YA'YIl + b2'Y~ ... (31)

if 'YA and 'Y Il are real. Thus, the approximate pic
ture of the bond is that of the electronic charge
2ea2 centred on A, 2eb2 centred on Band 4eabf'YA'l'lldT
associated with the overlap. The two electrons are
assumed to be in the bonding orbital represented by
'Y and their combined contribution to g,,, the asso
ciated field gradient on the atom A along the inter
nuclear axis, is given by

(g..)bond=2a2f'YAg'YAdT+4abf'l"Ag'Y~dT+ 2b2f'Y Ilg'Y~dT

... (32)

where g is equal to e(3 cos2 e-l )/r3 , r is the dis
tance from a point to nucleus A, and e, the angle be
tween the direction of r and the internuclear (z) axis.
Since gdepends on the inverse cube of r, only that part
of'Y which is centred on A will contribute significant
ly towards it. The last term of Eq. (32) represents



... (44)
If the view is taken that ~ is always a positive
quantity, e.g. Ia2_b2 1, then cQq.. or CQqA and Up
can be obtained by considering the bond as an
appropriate hybrid of covalent and ionic forms.

Since in Eqs. (28) and (43) only Up is known for
most of the molecules and three quantities are
unknown, these equations cannot be used as such
for the interpretation of the nuclear quadrupole
coupling data. Gordy37 assumed no hybridization
(52 = 0, d2 = 0) for the halogen bonds to obtain a
relation between the electronegativity difference of
the two atoms in the bond A-B and the ionic
character of the bond as determined from nuclear
quadrupole coupling data. Further, no allowance
was made for the double bond character of the bond
in his analysis.

A relation can be developed for estimating the
5-character of the atomic orbitals forming the bond
in terms of the ionic character, double bond
character and the p-electron defect on some simple
physical argumentsu . In a molecule the nucleus

... (40)

... (39)

... (34)

oc, or oca,
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The contribution of electrons in the orbital 'YA to
q.. is given by
(q,,)bond = 2a2[oc~f'Y,q'l':d,.+oc;J'I'pq':Y;d,.

+oc~'Yd9':Y;d,.] ... (41)
This is a modified version ofEq. (33), ifthe cross terms
are neglected. The first integral in Eq. (41) is zero,
because the s-electronic cloud (represented by '1',)
is spherically symmetric. The second integral re
presents the contribution of the p-electron discussed .
earlier. The third integral is small, because the
d-orbital is non-penetrating and is negligible on
account of the small penetration of 'Y. towards the
nucleus. It is further reduced by the factor oc~,

which should ensure that its contribution to q.. in
the halogen is less than 1 per cent. Both the first
and the last terms are, therefore, dropped to give

(q',)bond = 2a2oc;f'Ypq'f';d,. ... (42)
Eq. (42) gives only the contribution of the hybri
dized bonding orbital. To get the total q" other
orbitals must be considered, some of which will be
counter-hybridized. The p-orbital involved to be
the P. is chosen. The counter-hybridized sp,-orbital
will have oc~ amount of p-character and will contain
an unshared pair of electrons, while the counter
hybridized P.d-orbital will have oc~ amount of P,
character but will be empty. As before, the P.
and py.orbitals contain unshared pairs. There will
be resultant P. population of 2a2oc~+2oc~. The
total q.. will arise from a Pz-electron deficit of
(2-2a2c4-2oc2) in an otherwise spherical cloud.
With the normalizations, ot~+oc~+oc~ = I, a2+b2 = 1,
and ~ = a2_b2, the expression for (q..)lolal· is
obtained as

(q..)lol.l = (l-oc~+oc~-~(l-ot~-otmq'lomic

Taking oc: = S2 and oc~ = d2,

(q..ltolal = [1-s2+d2-~(1-s2-d2)]qalomic ... (43)
where 52 and d2 are the amounts of s- and d-characters
in the bonding orbital 'I'A of the atom A. Assuming
that S2 can be neglected, and that hybridization of
the d-orbital is negligible, both Eqs. (43) and (28)
red uce to

':YA = oc,'I',+otp'Yp+oca'Y.
where otp is expected to be greater than
and normalization gives

ot~+ot;+oc~ = 1

Up = cQq..
eQqatomic

The preceding discussion is based on the assump
tion that ionic character alone determines the
electron distribution in a bond; the presence of
hybridization will now be considered. A pure
covalent bond, through hybridization of the atomic
orbitals, can alter the angular distribution of the
electronic charge cloud near the nucleus and can
thus influence the coupling without lifting charge
density appreciably awa.y from the nuc~e?s, ~1though
some lifting accompames the hybrIdizatiOn. To
examine the effect of bond orbital hybridization and
ionic character, Eq. (33) has to be considered again.
It may be ass\lm~(l that the bonding orbital 'I'A,

while remaining primarily P., hybridizes with an
s-orbital, and a d-orbital of A so as to give a better
bonding (orbital) with 'I'B· qrA can then be wntten
as

'which, except for the factor 2a2, .is simply t~e
contribution of a single electron m the atomic
orbital 'I'A, where qatomic is q.. for the type of electron
cloud concerned in 'I'A.

The case when '¥A is the wave function .of a P.
orbital is very important a~ then the other p
orbitals would be filled with unshared pairs and the
d-orbitals' would be empty. The total q.. can then
be obtained bv treating it as arising from a p.
electron defici( of (2_2a2) electrons in an otherwise
spherical cloud. The atomic coupling. on the other
hand, arises from a deficit of exactly one p-electron
in an otherwise closed shell. Therefore,

(q..)tot.1 = 2(1-a2)qatomic
Normalization of 'Y in Eq. (31) yields

a2+ b2+2abJ'l'A'I'Bd't' = 1 ... (35)
.and, if the overlap term is neglected, a2+b2 = 1.
The ionic character ~ of a bond is defined as

~ = a2 _b2 ••• (36)

whereupon Eq. (34) becomes

(q..ltot.1 = (I-~)qatomic ... (37)
The observed quantity is cQq.. and this is related to
the atomic measurements by

cQg.. = (1-~)CQqalomic ... (38)
A useful concept is that of Up, the number of un
balanced p-electrons oriented along the bond. It
is given by

the contribution to q.. of electronic charge density
. in the atomic orbital of B, which, because of the

inverse cube variation of q and r, is negligible.
The middle term, larger than the last, is less than
I per cent of the first term for halogens. Th~s,. the
last two terms in Eq. (32) may be dropped, glvmg

(q..)bocd = 2a2J'1'Aq'Y~d't' ... (33)
= 2a2qalomic
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TABLI~ 2 - l'ERCE.:-lT,\GE S-CHARACTER IN THE

IL\LOGE:'Il BOND ORBITALS DrnEIDIf~En FR:O~( NUCLE.\R

QUADRlIPOI.E COUPLf:-lG CONSTANTS

·Percentage d·charadcr in the halogt'n hond orbital.
The nuclear coupling constants used in calculating Up

value:. were determined from the hyprrfinc structure of
microwave spectra:l 5 .

eQq.'om;c values (M<,/s.): chlorine", -109,74; bromine",
769·62; and iodine", 2292·44.

s-CllOracter from Nuclear Spin-Spin
Coupling Constants

This method of evaluating the s-character is
limited only to those molecules whose microwave
spectra show nuclear quadrupole hyperfine structure.
Evaluation of the s-hybrid character of the bonding

E'l. (45), thrrdol"l', yield,;l'
Up = (l-s2+dC~-8.'2) ... (48)

Eq. (48) can be used to evaluate the s-hybrid
character, S2, provided the values of d2, ~ and /) are
known. There is evidence that s-hybridization in
the halogens would occur at the negative and not
at the positive pole". Where there is a positive
(not a negative) charge on the halogen, the halogen
bonds are hybridized with d-character. The evi
dence is against the d-hybridization on the negative
ion. Using the calculated values of ~ and /) (as
discussed earlier) and the experimentally determined
values of Up, the values of S2 may be evaluated
from Eq. (48). The values of s-hybrid character of
chlorine, bromine and iodine orbitals obtained are
given in Table 2.

*Values reported by Frankiss79 .

tValues reported by Muller and Pritchard".

TABLE 3 - PERCE~TAGB S-CHARACTER IN THE CARBON

Boso ORBITAL ))ETERMlNED FROM NUCLEAR SPIN-SPlN
COUPLING CONSTANTS

orbital of an atom, not having any nuclear quadru
pole moment, is based on the measurement of
indirect nuclear spin-spin coupling constants in
nuclear magnetic resonance spectra. The nuclear
spin-spin coupling between 13C and proton directly
bonded to each other, J13C-H' has been widely studied
and discussed29,67-85.

The possible utility of 13C-H coupling constants
in determining the nature of the carbon orbital
bonded to hydrogen was first pointed out by Muller
and Pritchard29. ShooleryG7 established the follow
ing relatiomhip between J13C-H and the fractional
s-character, sl'!, of the carbon orbital bonding to
hydrogen

J13C-H = 500SFI ... (49)

Knowing sh from Eq. (+9), sr., the fractional s-char
acter of the carbon atomic orbital of a C-X bond,
can be computed if the carbon atomic orbitals are
required to be orthogonal. The calculated values
of the s-character of the carbon orbital in the C-F,
C-Cl, C-Br and C-I bondsu are given in Table 3.

It was subsequently shown by Malinowski80
that the effect of the substituents on J13C-H values
in substituted .methanes is additive to a good
approximation. This observation was rationalized
by Gutowsky and Juan77.78 who used both a poten
tial box model and a valence bond formulation to
derive the additivity effect. This treatment de
veloped for methanes has been extended by them
to ] 13C_H in substituted ethylenes and to the 29Si-H
couplings in silanes. Karabatsos et al. 86- 88 showed
that the correlation between the magnitude of J13C.H

and the extent of sp-hybridization is a general one and
can be applied to interactions between 13C and protons
separated by two bonds with some modification.

However, the deviations from the additivity
relations for highly electronegative substituents
such as fluorine and methoxy were observed and
empirical corrections suggested74,79,83,84,89. The
theoretical justification for the quantitative character
Eq. (49) is far from impregnable82,90-92, but it is
empirically very satisfactory in a series, sl1ch as CH"
C2H4 and C,H,. It is presumably also satisfactory
for a series of CHaY compounds93,

Compound !"C-H s-character
0'
/0
(s~)

CH,F 149·1- 10'6
CH,F, 184·5- 13-1
CHI', 239·1- 17·4
CII,"'CI 150t 10·0
CII,CI, 178t 14·4
CHCI, 209t 19·4
CI-I,"13r 152t 8·8
CII,flr, 179- 14·2
CI-lllr" 206t 19·6
CH,"'r 15\ t 9·4
ell,I, 173t 15'4

33·1
12·3-
1'0

15·5
12·6
14·1
27-4
20·0

5·9
13-2

23·5
6'0

18·5
3·8

13-6
25·6
0·5

25·S"""
1'0
1·0

11·5
12'5
48·5
18·0
24·2
15·0
30·4
22·0

9·8
26·2

-0·235
0·060
0·\85

-0,038
0·136
0·256
0,005

-0,331
-0,123

0·010
0·155
0·126
0·141
0·274
0·200
0·059
0·132

5 2-d'/. s-cha.r-
a('t.('r

%

-0,258
0·010
0·009
0·1\5
0·125
()'485
0·180
0·242
0·150
()·30-l
0·220
0·098
0·262

0·088
0·017
0·000
0·255
0·015
0·036
0·095
0·103
0·047
0·099

0·045
0·000
0·235
o·on
O·OO~

0·068
0·018

0·()7l
()·OOO
0·017
0·045
0·088
0·125
()·270
()'0015
0·05)
0·1\2
0·120
0·06-l
0·116

0·177
O'OH
0·000
0·510
0·031
0·073
0·191
0·207
0·094
0·199

g/2

0·090
0·000
0·470
0·087
0·016
0·136
0·037

1'143
O'O()O
O'OH
O·()<)()

0·177
0·250
O·HO
0003
0·107
0·224
0·240
()'128
0·232

~VCLEVS: lZ7[

~UCL1-:tJS: 79J3r

~UCLE.US: 3:;C1

1·42
1·14
0·99
0·08
()'89
0·75
O·H
0·49
0·80
0·57

1·28
0·9-l
0·11
1·06
0·84
0·54
0·94

1·33
0·99
0·94
()'75
0·61
0·14
0·01
0·76
0·69
0·36
0·42
0·71
0·3'1

Up
(exp.)

ICI
I,
Na1
IC~

CH,1
SiH,1
CF,[

FCI
CI,
BrC!
ICI
Hel
TICI
XaCI
cle:"
CH,CI
SiH,CI
GeH,CI
CF,CI
SiF,Cl

Fllr
CIllr
Br,
"allr
TIrC:"
CH,Br
SiH,Br
GeH3 Br
CF,Br
SiF,Br

Molt'cule
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Studies on Ubiquinone
T. RA:\IASAR:\L\

Department of Biochemistry, Indian Jnstitute of Sci<:ncC". Bangalore 12

ADECADE ago, in 1957, a new compound
ubiquinone (coenzyme Q) was added to the
list of naturally occurring compounds of

potential significance in biochemistry. The author
had the good fortune to witness and participate in the
initial phases of its discovery and characterization
during 1957-58 in the laboratory of Prof. D. E. Green
at the Institute for Enzyme Research, University of
Wisconsin (USA). The historical aspects of its
simultaneous and independent discovery in the
laboratories of Prof. R. A. Morton at Liverpool and at
Wisconsin, and the chemical characterization by the
two famous pharmaceutical laboratories of Hoffmann
La Roche, Switzerland, and Merck, Sharpe & Dohme,
USA, were described earlier'.

In importance and impact on biochemistry,
ubiquinone can be compared with such other com
pounds as ATP, NAD, folate and cytochromes. The
enormous biological interest was in part due to its
ubiquitous occurrence and the structural features
with resemblance to fat-soluble vitamins - to vita
min K in having a quinone nucleus, to vitamin A
in its isoprene side chain, and to vitamin E by its
ability to cyclize to chromenol, ubichromenol.
Ubiquinone with its 59 carbons and molecular weight
of 863 is the largest single molecule in animal tissues,
excluding polymers (Fig. I). The long polyprenyl
side chain confers its lipid character, understandably
necessary since ubiquinone is a common constituent
of membrane structures. Th('re are no extra
ordinary molecular properti('s other than the oxida
tion-reduction of the quinone. Yet the molecule
exhibits wide biological responses with remarkable
specificity. A good deal of information on the
compound and its functions is made available by the
efforts of many laboratories. Several good reviews
were published periodically summarizing the advances
made in the field1-.. In this article an attempt
will be made to present the contributions from this
laboratory in the progress of ubiquinone research.

Methodology

Late in 1957, when ubiquinone class of compounds
were being identified in the Enzyme Institute in a
variety of aerobic organisms, it was recognized that
all of them possessed the same ultraviolet absorption
spectrum and elution characteristics in adsorbent
chromatography but differed in their melting points.
The difference was recognized to be due to the
differing chain length from 10 to 6 isoprene units10.

To characterize the homologue it was necessary to
obtain enough quantity to crystallize and determine

Fig. t - Structural formula of ubiquinone-tO [This homo
logue with to isoprene units in the side chain is the most

common homologue in the animals including the man]

the melting point and molecular extinction. Such
procedures would be too demanding on time for a
survey on a large scale. Therefore, a reverse phase
paper chromatographic system was developed using
papers impregnated with Dow Corning Silicone Fluid

10 . 550 and 80 per cent n-propanoljwater as the
solvent which separated the homologuessatisfactorily
(Fig. 2)1'. This system was useful in rapid identifica
tion of the homologues and even their separation on
quantitative scale'". This method with modifications
using vaseline13 or stopcock grease14 had remained
a valuable tool in the quick identification of the
homologues.

The isolation procedure essentially consists of
saponification in ethanol or methanol under reflux in
the presence of the antioxidant, pyrogallol, and sub
sequent separation by adsorben~ chromatography on
columns followed by crystallization. The recoveries
are better than 90 per cent under these conditions.
Recently, linear gradient concentration of ethyl ether
had been employed instead of the batch elution
(Fig. 3). After the column, the fractions were

, 0"

I

• 0·'

•
, ..

'"
0·'

Q-IQ a-9 Q-8 Q-1 Q-6
--+ --.---.----e--- ... --- Origin

Fig. 2 - :\lobility of five ubiquinone homologues in ascend
ing reverse phase paper chromatogram [Solvent, n-propanol
water (4: t); paper, Whatman No. 31\1M impregnated with

Dow Corning Silicone Fluid No. 550 (ref. 11)]

Fig. 3 - Elution pattern of standard mixture of squalene,
ubiquinone, nonaprenyl phenol, solanesol, ubichromenol and
cholesterol on a deactivated alumina (20 g.) column [Linear
ethyl ether gradient elution using petroleum ether (250 mI.)
and ethyl ether/petroleum ether (250 mI.) for the gradient
were employed, and 5 ml. fractions were collected and

analysed]
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Fig. 4 -. Separatiun of ul>iquinonc and rL'lall'd compounds
on thin layer plates of silica gel G lSuln·nt. uCllzl'ncj

further purified on thin layer plates, either silica gel
G or alumina G by which ubiquinone was obtained
free from other contaminants. The separation on
silica gel G is usually used for the separation of
nonaprenyl phenol (Fig. 4).

Ubiquinone co'ntent was determined by the
decrease in the absorption at the peak (275 mfl) on
reduction with borohytlride. This method has some
drawbacks when impurities are present. Turbidity
developed when other lipids were not removed.
Egg yolk, one of the earliest materials tested in this
laboratory", offered manv difficulties because of it:;
high content of triglycerl'des, phospholipids, sterols,
carotenes, etc. While extensive purification on
column chromato!(raphy removed these impurities,
lo-;ses of ubiquinone were high. When small quan
tities of ubiquinone were present, the problem was
greater. So reverse phase paper chromatography
had been adapted to separate ubiquinone from the
interfering material. It was then extracted from the
paper, reduced with borohydride, ubiquinol re
extracted with petroleum ether and reacted with
oc,oc-dipyridyl-ferric chloride reagents. The Emmerie
Engel method for measuring quinols and chromanols
had been adapted to work in aqueous solutions
which helped to stabilize the otherwise unstable
colour, and to increase the colour intensityls. The
sensitivitv of the method is high and can measure
as low as 0·01 flmole quantities and had been used
in routine simultaneous analysis of ubiquinone anti
tocopherol in large number of tissues in the rat.
This method was used for reporting for the first time
the presence of small quantities of ubiquinone
(about 6 flg.fml.) in the human blood'4.

Intracellular Distribution of Ubiquinone,
The general discussion following the Ciba Sym

posium on Quinones in electron trt/lIsport l held in
May 1960 was initiated by the comment by Chance
that while ubiquinone (coenzyme Q) was discovered
in mitochondria, there was lack of information
on its possible localization in other cell components.
By that time we already had such data in our
laboratory showing that ubiquinone has extra
mitochondrial occurrence. Vitamin A deficiency
in the rat was known to increase liver ubiquinone
contentls. With a good deal of interest on vitamin A
in this laboratory, we wanted to find out where the
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extra ubiquinone resided in the liver cell of vitamin
A-defIcient rats and whether or not this could all be
accommodated in the mitochondrion itself. When
the normal animals were first tested, to our horror,
we found that only about 40-60 per cent of the
total ubiquinone was in the mitochondrial fraction.
We repeated the experiment several times to convince
ourselves that our methods were correct and this
pattern was true. l3y testing the marker enzyme
activity, it was established that mitochondrial
contamination could not account for ubiquinone's
presence in other fractions l7• We also found that
such distribution is true in other tissues and other
animals l ". We later realized that there was a
brief report from the Liverpool Laboratory that
ubiquinone was present in other cell fractions, but
it was concluded that it was predominantly in the
mitocholldria J9• We extended our studies by testing
the cell components prepared by different methods
to confirm the natural occurrence and have estab
lished it with respect to microsomes and soluble
supernatanpo. It was not conclusive with respect to
nucleus where oxidative activities and ubiquinone
content always paralleled. Indirect evidence, how
ever, was obtained to show that nuclear ubiquinone
was also partly constitutive, based on the difierences
in specific radioactivities of mevalonate-2-14C incor
poration into ubiquinone in the cell components".
The pattern of intracellular distribution was amply
confirmed in other laboratories",2". But IIIourv and
Crane24 raised a doubt on the natural occurrence in
microsomes. \Ve reconfirmed'· our work and showed
that microsomes prepared by the conventional
method and characterized by the enzyme acti\'ities
indeed possessed significant amounts of ubiquinone.
The presence of ubiquinone in liver microsomes may
partly be of dietary origin representing the absorption'
of the dietan' compound through the endopla,mic
reticulum. Liver microsomes obtained from rats
fed on ubiquinone-free diet for long periods also
possessed considerable ubiquinone, confirming its
endogenous nature.

The intracellular distribution pattern remains the
same despite large variations in the total ubiquinone
content of the livers of normal rats or in rats
fed diets of low protein con«·nt 26. Dnder other
nutritional and stress conditions, this pattern was
altered Crable 1).

The concentration of ubiquinone in the particulate
systems seems significant in view of the ratio of
ubiquinone to protein being about 1:.2 for microsomes
and 1:1 for mitochondria taking one million as the
average molecular weight of the protein which exists
in highly polymerized and organized state in the
membranes. In view of the known occurrence of
ubiquinone in all the cellular particulate material
it appears that it is a general constituent of mem
branes and may have significant role in membrane
function.

Biosynthesis of Ubiquinone

Independent synthesis of ubiq'llhzrnlc in ralliss'lIes
Ubiquinone is known to occur in every tissue of the
rat. It was of interest to investigate whether
individual tissues have the capacity to synthesize the
compound or whetht'r partial requirement will arise
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TABLE 1 - JXTRACELLULAR DISTRIBUTION OF UBIQFI:s'Or\E I~ THE LIVERS OF RATS UNDER DIFFERENT NUTRITIONAL AND
OTHER COSDITlO~S

Status of the rab ITI!.Lmo!c/g. Ikcr %) in each cell fraction
-------------~-------_.__ .

Nucleus Mitochondria i\ticrosomcs Supernatant

Normal (ref. 17) 96 37 41 15 7
Protein deficiency (ref. 26) 13 23 46 16 15
Vitamin A deficiency (ref. 27) 260 20 35 17 28
Thyrotoxicosis· 276 17 45 12 26
Cold exposure (rd. 28) 242 21 39 29 11
CPIB-fed* 220 29 60 3 8
Cbiquinone-9-fed* 230 27 50 13 10

$(;npuhlished data from this lalJoratory.

TABLE 2 -- lXCORPOR:\TIO~ OF MEVALO:-JATE-2-14C INTO
UDlQUlNONE AND LJOICHRO:vJENOL IN RAT TISSUES.
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Fig. S _.- TIl<' origin of various parts of ubiquinone molecule
fwm the studil's of incorporation of radioactive tracers

knowlNlge on the incorporation of tracers into the
va rious parts of the molecule.

The reactions from j>-hydroxybenzoate to the
full~' substituted quinone and from mevalonate to the
poil'prenl'! side chain are yet to be deciphered.
There are eight reactions involved in the formation of .
thl' ring: three C-hydroxylations, two O-methylation,
ont' C-methylation. one decarboxvlation and one
C-alk~'lation' by polyprenyl group.' The possibility
of similar reaction types being accomplished in a
single step and the occurrence of conc('rted reactions
cannot he ruled out. The possibilities arc too many
to make a guess at the probable sequence of the
reactions.

It is not yet certain whether alk~'lationof side chain
occurs early in the sequence as in the case of photo
synthetic anaerobe, Rhodospirullum rubrmll, where

in any particular tissue. Gloor aud Wiss2• showed
earlier that mevalonate-2-14C was incorporatl'd into
the side chain of ubiquinone in the rat liver. Vsing
acetate-2-14C. Lawson et al. 30 found incorporation of
radioactivity into ubiquinone of liver. skin and
intestine. Joshi et al. 3l extended these studies witll
mevalonate-2-14C and found incorporation into ubi
quinone in heart, intestines and kidney and spl(,l'n.
In all these cases the specific activities were difkrent
from tissue to tissue and in the case of kidn('I' anrl
spleen the turnOVl'r rate was surprisingly highei' than
in the liver (Table 2). This led to the conclusion that
the tissues are capable of independent synthesis of
ubiquinone. with regard to the side chain, ('sp('cialh'
in vi('II' of the apparent lack of exchange of nbi
quinone betw('cn tissues which will be discuss('d lakr.
This view is confirmed by Gold and 0lson32 using a
tissue-slice sl·stem.

EndogenOlis nal nYC of Ihe h01llologlte. uiJiquino1le-10
Rat liver contains homologne ubiqninon('-l) (nine
isoprene units in the side chain) to the extent of 85
per cent and about 10 pN ('('nt ubiquinone-IO. th,>
rest being lower homolognes. Since ubiquinone-10
was found in the diet and can be absorbed. this homo
logue was considerNI to be exogenous:l3. While this
may be partly true in the case of liver. the pn'sel1c,'
of this homologue in other tissues of the rat must 1)('
endogenous, since dietary compound did not apl'l';lr
in other tissul's. It was established even in til<' livl'l'
that ubiquinolH'-1O was biosynthesized and, in fact.
with turnover possibly greater than ubiquinon('-l):lI,:14.
.\t the mom('nt we do not know whv the rat has thl'
peculiar feature of having a majority of ubiquinol1t'-l),
in contrast to ubiquinone-10 in other animals. how
the constant proportion of the two homologues wen'
smthesized and their functional significance. Th('re
is absolute specificity of the major homologue at
kast in one system. which will be described later.

Inlermediait's in Ihe synthesis of uhiquino1le
Incorporation of mevalonate-2-14C into the side chain
is indicative of de no!'O formation of ubiquinone
and is used as a measure of its svnthesis. The
complete sequen,e of reactions and 'the cnz~'matic
mechanisms involved are not yet understood. So far
no cell-free homogenate system synthesizing ubi
quinone could be perfected. Some crucial step
may be irreversibly damaged during homogenization.
Most of the experiments on biosynthesis are largel~'

in intact animals or tissue slices, utilizing incorpora
tion of radioactive tracers. Fig. 5 summarizes the
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the product was nonaprenyl phenoJ35, which then
undergoes substitution in the ring. During the
author's brief stay in 1966 in the laboratory of
Prof. R. E. Olson in St Louis (USA), attempts to
detect nonaprenyl phenol or its labelling by a
variety of radioactive tracers were not successful.
We have now confirmed, in this laboratory36, the
absence of nonaprenyl phenol in a variety of aerobic
organisms and, therefore, the chances of this com
pound being an intermediate in aerobic synthesis
seem to be vanishingly small (Sharma, B. V. S.,
unpublished data). A new compound, called com
pound S, having twin absorption peaks at 272
and 310 miL, was found in several sources in this
laboratory36. We considered that this may be the
precursor in aerobic synthesis of ubiquinone, but our
recent experiments showed that this compound is an
isolation artifact.

Information on the first intermediate of ubiquinone
having both the ring and the side chain .in animal
tissues will be of paramount importance, because
lipid intermediates will be found only when alkylation
occurs early in the synthetic sequence. The only one
such intermediate so far reported was the' compound
X' of Olson and Aiyar37• Several benzoate-derived
lipids were detected (Fig. 6), but these did not possess
the isoprene side chain (Ramasarma, T., unpublished
work). In fact, Lynen et al. 38 proposed that the
quinone nucleus may condense with polyprenyl pyro-

phosphate with the elimination of pyrophosphate,
yielding ubiquinone. Evidence for this mechanism
was claimed by Stoffel and Martius39, who showed
the formation of ubiquinone from appropriate
substrates by a mitochondrial enzyme system. This
implies that the last step in the biosynthesis is the
attachment of side chain and that it occurs in mito
chondria. These experiments could not be repro
duced in other laboratories and also are inconsis
tent with the finding that the fully substituted ring
(ubiquinone-O) did not participate in ubiquinone
synthesis. The site for the last step in the formation
of ubiquinone appears to be the soluble cytoplasm,
because our data on the specific radioactivities of
ubiquinone in cell components at various time inter
vals after a single dose of mevalonate-2-14C showed
that soluble supernatant had the highest value
at the early time interval which decreased rapidly
accompanied by increase in other fractions4o

Pathway ofprenyl polymerization- The assumption
that the isoprene pathway of sterol synthesis beyond
mevalonate will be shared by ubiquinone has never
been verified. Where the branching takes place is
still not clear. Experiments in this laboratory
showed that the two pathways are common at least
up to isopentenyl pyrophosphate, since SKF 525A41,
a powerful inhibitor of some step between isopentenyl
pyrophosphate and squalene, inhibited the incorpora
tion of mevalonate-2-14C into both cholesterol and
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Fig. 6 - Incorporation of methionine, mcvalonate and benzoate into the unsaponifiahle lipids of rat liver [Two rats
per group were dosed intraperitoneally with the tracers (benzoate-V-"C, 100 ftC.frat; mevalonate-2-"C, 5 ftc./rat; or
methionine-methyl-"C, 50 ftC. frat). After 30 min., the animals were killed, the livers were processed for unsaponifiable

lipids. The lipids were chromatographed on deactivated alumina columns as described in the legend for Fig. 3]
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ubiquinone and also reduced their concentrations
in the liver (Inamdar, A. R, unpublished data).

Polyprenyl pyrophosphates of long chains had not
been detected and their participation in ubiquinone
synthesis is still a conjecture. Despite the occurrence
of solanesol in the rat liver. its participation as an
intermediate had been ruled out by isotopic experi
ments"·43. Prenyl polymerization thus remains
an unsolved problem, while most other biological
polymerizations arc reasonably understood.

Absorption and Internal Transport of
Ubiquinone

Fate of administered ubiquinone in the rat - Diets
deficient in ubiquinone have not produced anv
change in the concentration of ubiquinone in the rat
tissues..·4• - understandable in view of its bio
synthesis. The absorption of exogenous ubiquinone
from the diet was demonstrated by Lawson ct al. 4;'

and Rudney46, and we have studied this in detail in
this laboratory using radioactive ubiquinone.

Given intracardially. the compound was removed
from the blood within a few minutes and could be
detected onl\' in the liver and to a small extent
in the spleen. However, once the compound was
deposited in the liver, it was not mobilized by any
other tissue even after long periods47.

On administration by oral route, ubiquinone-l0-14C
was absorbed by the liver exclusively and by no other
tissue. After long time intervals, ubiquinone in the
liver decreased. but did not appear in other tissues.
Thes(' observations support the total lack of internal
transport of ubiquinone in the rat tissues21 .

The fate of administered ubiquinone is in marked
contrast with that of another lipid-quinone, vitamin K
(methyP4C)4H, which was distributed in all tissues.
irrespective of the mode of administration. This
pattern of uniform distribution was also found in the
case of 0<-tocopherol49 and ubichromenoI 3 '.

ExperimC1lts on saturated ubiquinonc - The absorp
tion and metabolism of ubiquinone by the liver was
altered when the double bonds in the side chain were
saturated21 . Firstly, the animal was incapable of
absorbing the saturated compound through the
intestines. This inability was not due to any impair
ment of the reduction of the ring in the intestines.
Similar failure of absorption was also noticed for

vitamin K 1 and ubichromenol when their side chains
were saturated. Secondly, once bound to the liver by
intracardial administration the saturated compound
was metabolized only slowly (Fig. 7). Therefore.
both for absorption and catabolism of ubiquinone
the double bonds in the side chain are necessary.
Plastoquinone, a related quinone having isoprene
side chain, occurring in plants was never detected
in the tissues of the rat, although fed plant material
and apparently was not absorbed, indicating that
certain specificity of the ring structure also seems
to be involved in the absorption.

Catabolism of ubiquinone under stress conditions
The absorbed compound in the liver was largely
present as unchanged ubiquinone with a small quan
tity of degraded lipid products. Under stress condi
tions·o, the catabolism of the absorbed compound
decreased. Therefore, the absorbed compound was
retained in the liver to a greater extent and for a
longer period under these experimental conditions
compared to the normal animals (Fig. 8).

Reactions of exogenous ubiquinone - Will the
('xoge~ous ubiquinone equilibrate with the endo
genous form and participate in its reactions? Intra
"enously or orally administered ubiquinone-l0-H C
was deposited in the liver cell and was distributed
in all the cell fractions with a majority being in the
mitochondrial and the microsomal fractions. Since
simple addition of ubiquinone to liver homogenate
before centrifugation recovered it in the supernatant
fraction. the above results were considered to re
present the actual penetration of the compound into
the cell 20. The specific radioactivities at different
time intervals indicated that the compound had pro
babl~' entered the cell through the endoplasmic
reticulum and rapidly redistributed in other parts
of the cell.

Ubiquinone added to mitochondria interacted
with lhe electron transport. possibly at the site of
endogenous form or with the component before it,
since its oxidation, but not its reduction. was
inhibited by antimycin A5l. It was possible to obtain
rates of a magnitude close to overall oxygen uptake,
which were by no means optimal in view of the
difficulties in preparing suitable emulsions of the
substrate. This interaction appears to be at the

TIME' .hr
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Ubiquinon~
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Saturated ubiquinone

Fig. 7 - Retention of intracardially administered ubiquinone
or saturated ubiquinone .(0'25 !Le./rat) by rat liver [After
administering the tracers, the rats were killed at various
time intervals. livers removed and radioactivity in the
unsaponifiable lipids was estimated. The percentage values
of the dose retained in the liver at various time intervals

are given in the figure (data from ref. 20 and 21)j

Fig. 8 - Retention of orally adminiRtered ubiquinone-10.-He
II)" livers of rats under different experimental conditions
[Rats were dosed 0'5 ,"e. of the tracer and killed at different
time intervals. The' radioactivity in the unsaponifiablc
lipids of the liver was measured. The experimental conditions
of vitamin A deficicncy27, cold cxposure28 and thyrotoxicm;is60

were described in the respective publications from which
the data are collected]
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flavoprotein level, since such reductases using
exogenous lower homologues of ubiquinone have
now been characterized52.

These experiments showed that there were other
sites in the mitochondria where .considerable quan
tities of exogenous ubiquinone, added ill vitro, were
sequestered and made unavailable for reduction by
succinate but could be released for the purposl'
by treatment with isooctaneSl . By the aI!'0unt of
mitochondrially-bound ubiquinone availablf' for
reduction, we can have a measure of eCJuilibration
of endogenous and exogenous forms. Exogenous
ubiCJuinone absorbed via oral route gave completely
, equilibrated form' whereas intracardial administra
tion gave more than 50 per cent in the' sequestered
form '21. This way labelled mitochondria with radio
active ubiquinone can easily be prepared.

Ubichromenol- Ubiquinone Interrelationship

Ubichromenol accompanies its structural isomer,
ubiquinone.. in several animals and in most tissues
of the raP6,53. Changes in their concentrations
parallel in altered nutritional conditions of vitamin
A deficiency54, vitamin E deficiency53 and protein
deficiency26. But the relative proportion of the
two compounds was not constant. In some tissues,
particularly heart, ubiquinone was high. but ubi
chromenol was low. Kidneys showed largest amounts
of ubichromenoP5.

The physiological significance of ubichromenol is of
particular interest. It was reported that the chro
manol can replace vitamin E in gestation-resorption
test in the raP6, the only test in this animal which
is specific for vitamin 'E, while other deficiency
symptoms can be cured by antioxidants and selenium.
Ubichromenol concentration decreased in vitamin E
deficiency53. The vitamin status of tocopherol in
some species, including human beings, is not estab
lished. It is tempting, therefore, to speculate that
the possible reason may be that endogenous ubi
chromenol in the body might take over these
functions.

Natu.ral occurrence of ubichr011lenol- However.
doubts were expressed On its natural oceurrence
as it was found to be formed from. ubiC]uinone
on treatment with alumina5' and by alkali 58 which
were involved in the isolation procedure. It was
soon recognized that although these effects were real,
they could not account for the presence of large
amounts of ubichromenol found in some tissues
and low amounts or absence in others. The pro
portion of ubichromenol/ubiquinone was not constant
in every tissue as would be expected of an isolation
artifact. Partial conversion of ubiquinone obtained
under experimental conditions, normally employed,
could not account for more than 10-15 per cent of
ubichromenol present in rat liver59. This was further
substantiated by using radioactive ubiquinone. Ubi
quinone administered orally was absorbed into the
liver, equilibrated with the endogenous form, but was
not converted to ubichromenol to any significant
extent even after long time intervals31. Raman and
Rudney60 observed small non-enzymic conversion of
ubiquinone to ubichromenol in the presence of
serum albumin or heat-denatured kidney mince, but
concluded that this was not facile as surmised by
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OIson61 and could not account for tIle total ubi
chromenol found.

Biosynthesis of ubichr011lcnol 111 the rat - \Ye
attempted to solve the problem of the origin of
ubichromenol from a biosynthetic approach. The
rationale was simple; if ubichroml'nol is natural
it should be biosynthcsized in the animal like ubi
quinone. The same problems had to be> faced to
exclude the possibility of artifacts at every stage of
experiments. Mevalonate-2-14C was found to be
incorporated into ubichromenol i"olated from liver,
kidneys and intestines. The plllification involved
fractionation on deactivated alumina column followed
crystallization to constant specific radioactivity62.
These values for ubichromenol were higher than ubi
quinone and, therefore, it was argued that the latter
could not be the source (T:lble 2). Green el a1.6~

confirmed incorporation of mevalonate-2-14C at a
late time interval, but reported lower values for
specific radioactivity. We further found that the
initial high values' for ubicliromenol decreased at
late time intervals anll the specific radioactivity
curves of ubichromenol and ubiquinone show a stril<
ing precursor-product relationship64. The possibility
of ubichromenol being a precursor of ubiquinone wa's
dismissed, since such convrrsion eould not be
demonstrated64. Therefore, we> interpreted that the
incorporation data are suggestive of the conversion
of a common intc'rmediate into tllP two products,
this being more distal to ubiquinone4~. Later,
Raman and Rudney60 carried out similar experiments.
with kidney mince and found that ;,t one early time
interval the specific radioactivity of ubichrornenol was
higher, but not as high as we reported. Their stud,'
further revealed that thl' ring of ubichroml'nol wa·s
not as rapidly synthesized as the sick chain, that the
two sections may have ind('pende>nt turnover and
that the ring seemed to be derived via ubiquinone
physiologically but not as an artifact. We lat('r
realized that the s('cond set of our experiments
which used only adsorbent chromatograpl1Y on
alumina (both column and thin layer) had not
separated some high-counting cogeners, probably
pren,.l alcohols, and, therefore, gave higher values,
which are now considered .invalid. Nevertheless,
this does not alter the support to the natural status of
ubichromenol, sincr after extensive purification b,'
alumina column, thin layer chromatography ;\11(1
cocrystalhzatlOn WJth added carriers (Joshi, V. C. &
Javaraman, J., unpublished data) and after powerful
reverse phase thin layer chromatographv (H.udnC\·.
H., personal communication) ubichromellol was fomid
to be labelled by ml'valonate-2-14C, much more than
could be accounted. for by the artifact formation.

Ubiquinone and Vitamin K in
Microorganisms

111lportan.ce of vitamin J( synthesis in mycobactrria
M,croor~alllsmshave fewer types of lipids alld high
proportion of lipid-CJuil1ol1(,s, practically the onl\,
known isoprene compounds ill bacteria, making them
Ideal orgalllsms for studying the biosynthesis of
hpld-qulJ1ones. We first started the study of bio
synthesis of the isoprene side chain of vitamin K2 in
Mycobacteriftm plzlei alld tuberculosis in 1960 at which
time no information was available on the subject.
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Vitamin K2 • a natural constituent of these bacteria
and a vitamin to th(' animals, by implication, must be
svnthesized in the bactt'1'ia and not in the host.
We hoped that understanding of its biosynthetic
pathway might offer a possihility of finding a suitable
inhibitor of the exclusivel~' bacterial synthesis acting'
as a therapeutic agent. To our dismay, all our
attempts to incorporate acdate-I-He or mevalonatr
2-'·C into vitamin ).;2 have not met with success6;.
While no other known isoprene compound existed in
these bacteria. ml'Yalonate-2-HC was significantly
incorporated into the cell rl'siduc and into an
unknown lipid having polarity characteristics of
prl'nyl alcohols.

Synthesis of lipid-qlli1101ll'S in micruorganisms
Extending these studies with other bact('l'ia, it was
recognized that the non-incorporation of acetate or
mevalonate into ubiquinone or vitamin K is a
common feature in four bacteria tested: Azotobacter
l'il/clandii (Q-8), Escherichia coli (Q-8 and K 2),

Pseltdomollos sp. (Q-9) and Agrobaclaium tumefaciens
IQ-l0)66. Hut these tracers W''l'C readily incorporated
into ubiquinone and sterols of moule\,;: Aspergillus
nif!.l'r (Q-9), Neurospora crassa (Q-IO), Penicillium
chrysof!.l'llll1l! (Q-9) ancl (;ibberclla fujickuroi
[Q-IO(H lOl1. This 1('(1 to thl' conclusion that" the
mevalonate pathwav for the s~'nthesis of ubiquinone
is operative only in those organisms which also
contain other isoprene compounds, such as sterol and
carotene". Since then considerable information on
the bacterial synthesis of lipid-quinones is avail
able, but we still do not know how the isoprene chains
arc built. At tIl(' moment the experiments do not
completely exclude the act'tate-mevalonate pathway,
although these traCl'rs W('1'e not rl'adil~' incorporated,
since small amount of ac('tate incorporation into
vitamin K 267 and ubiquinone·8 of Esch. coli had bc('n
found. Also, p~'ruvate-2-I4C and pvruvate-3-HC w('re
found to be incorporated, but Ilot pyruvate-I-HC, into
ubiquinone of Esch. coli consistent with 'active
acetate' being used for isoprelle synthesis (Sharma,
B. V. S., unpubli~lH'd data).

Experiments ,dth benzoatc-7-14C - It is instructive
to record that early in 1963. Dr T. S. l~aman tested
in our laboratory thl' possibility of benzoate b('ing the
prl'cursor of the ring of ubiquinone in A. niger
and a benzoatt'-depend('nt wast-like organism. As
chance would have it. onl" benzoate-7-HC was
a\'ailable with liS and it ga\"l~ .iegative r('sults. Later
that year. the laboratoril's of Rudney69 and Olson;o
announced that ring-labelled p-hydroxybenzaldehyde
or p-hnlroxvbenzoate (or benzoate) were efficient
precursors of ubiquinone with carbon-7 being eli
minated. Had WI' used ring or uniformly labelled
benzoate we would have simultaneousl" discovered
this intermediate. .

Polyprenyl alcohuls -In most of our experiments
with microorganisms, mevalonate-2-14C was incorpo
rated into compounds having the same polarity
characteristics as prenyl alcohols (Fig. 9)66. These
have attained prominence lately after the brilliant
identification by Robbins et aPl of the C55-polyprenyl
alcohol as the lipid-intermediate involved in the
synthesis of Salomenella O-antigen. The universal
occurrence of polyprenyl alcohols in microorganisms
was already indicated by the earlier work. These

l'ig. 9 - .. Hadinacti\'ity patterns of column clnents of the
ullsaponitlabJe lipids Irom moulds grown with mevalonatc
2-"'C (10 1lC./flask) as the tracer [In each case the lipids were
fractionated on deactivated alumina column (20 g.); 10 ml.
lractions were collected and radioactivity was measured.
The cluents used in succession were petroleum ether (frac
tions .1-10), 5 per cent (vol./vol.) ethyl ether-petroleum ether
(fracbons 11-20), 10 per cent ether-petroleum ether (fractions
21-30), 20 per cent ether-petroleum ether (fractions 31-35),
ethyl ether (fractions 36-40), ethanol (fraction 41) and etha
nol-6 N Hel (4/t) (fraction 42). The shaded area corres
ponds to the content of ubiquinone. The radioactivity
peak in fractions 22-30 corresponds to polyprenyl alcohols
(data from ref. 66). The fonr figures from top to bottom
correspond to Aspergillus nige-r, Neurospora cyassa, Peni-

cillium chrysogenum and Gibberella jUjiCItUTOi]

compounds are under study with respect to the
chain length and their possible participation as Iipid
int('rmediates.

Ubiquinolle in a bacterial redHccd NAD oxidase
system -In this screening programme, we came acro~s

the int('resting phenomenon of occurrence of the
homologue, ubiquinone-IO, in a bacterium Agro
hacleriurn tumcfacie1ls, the crown gall tumor-inducing
plant pathog('n, whereas lower homologues arc
normally found in the microbial world, Q-8 being the
most common one in bacteria72• In bacteria,
vitamin 1<2 was considered to participate in the
oxidation of reduced NAD, and ubiquinone in the
oxidation of sllccinate73. A. tumefaciens, devoid of
vitamin K, possessed an active reduced NAD oxidase
system, sen~itive to antimycin A, an unusual feature
in bacterial s~'stems. Antimycin A sensitivity is usual
ly associated with ubiquinone-mediated systems
electron transport in mammalian mitochondria 74

and in photophosphorylation in chromatophores of
R. rubrum7;. Our investigations gave evidence
for the participation of ubiquinone in reduced
NAD oxidase system of this bacterium and the
following sequence of electron transport had been
suggested:

I I I
l{elJ:!C'eil NAD~ Flavoproll'ill-~Ubiquillonc --7 Cytochrome --+ 0,

I I I
amylal antill1ycin :\ cyanide
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Fig. 10 - Scheme dt'picting two possihle ways of forming
the four disulphidc bridges of ribonuclease [Scheme 1 shows
the formation of active rihonurleas(' from the fully formed
unfolded polypeptide oy tht, ' reactivating svstem '. Scheme 2
shows tIll: simyltancous (()rmation of thc·disulphid(~ bridges
u<>twcen cysh~lIlcs 1·6, 2-7, 3-8 and 4-5 from N-tcrminal in

the growing polypeptide]

I
I
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I
I
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to cadmium, indicating the involvement of a dithiol
protein81 ; this, in fact, was found to be true after
purification of the microsomal enzyme by Anfinsen
and coworkers.

It was later shown that dehydroascorbate was
probably the supernatant factor which oxidized the
reduced ribonuclease to an inactive product 8'.

The incorrect pairs of disulphide bridges were then
reshuffled to the correct pairs by the above purified
enzvme from microsomes. It was concluded that the
'disulphide-exhanging enzyme' did not catah'se
oxidation of sulphydryl groupS83. It is not yet
certain whether in the process of protein synthesis,
the oxidation of the sulphydryl groups takes place
simultaneous with the growth of the polypeptide
chain or will occur after the completion of the chain
(with random disulphide bridges as implied above)
(Fig. 10). In any case, oxidation must occur at
some place while the polypeptide is still on the
microsomes. This oxidation was, however, not due
to ubiquinone, since acetone-extracted microsomes
devoid of ubiquinone were active in the reactivating
system.
- Haemoproteins as models for the catalysis of

dis14lphide bridge formation - The natural oxidant
in the above system could be dehydroascorbate,
as shown by Straub and Venetianer82, which gives
an indirect function to vitamin C at molecular level.
Our work gave another interesting clue on this aspect.
It was found that the oxidized form, not the reduced
form, of cytochrome c and haemoglobin were capable
of reactivating the reduced ribonuclease without
addition of microsomes or other oxidants81. This is
not merely an effect of a haemoprotein - catalase
was ineffective - but one having bound form of iron
capable of being oxidized and reduced. In haemo
globin it is possible that the redox state of iron
may involve Fe-S covalent linkages. Obviously,
disulphide exchange is not the mechanism here,
since cytochrome c does not have disulphide bonds.

Ubiquinone and Microsomal Oxidative
Enzyme Systems

Accepting the constitutive nature of ubiquinone
in the microsomes, what is its functional role in this
cell component important in protein synthesis and
some oxidations? In view of the oxidation-reduction
of the quinone, we tested three oxidative enzyme
systems in microsomes for possible participation of
the ubiquinone present: reduced NAD-cytochrome c
reductase", reactivation of reduced ribonuclease"
and sulphite oxidase78• Although these probes turned
out to be negative, valuable information was obtained
on the properties of these systems.

Reduced NAD-cytochrome c reductase system
Microsomal ubiquinone can be partially reduced by
reduced NAD and also by reduced NADP and
succinate. Both ferricyanide and cytochrome c
could oxidize the reduced form of ubiquinone in
microsomes79• These results support a role for ubi
quinone in reduced NAD-cytochrome c reductase,
but direct proof could not be obtained, because
acetone extraction to .emove ubiquinone irreversibly
inactivated the enzyme system. It is, however,
possible that the quinone may be in a side pathway
equilibrated with the main components. In contrast
to mitochondria, however, the externally added ubi
quinone was not reduced or oxidized by microsomes.
Menadione was capable of interacting with the
reduced NAD-cytochrome c reductase system
both for reduction to quinol by reduced NAD and its
reoxidation by cytochrome c and these reactions were
completely insensitive to antimycin A.

Formation of tertiary structure of proteins - In the
late stages of protein synthesis, the transformation of
the random coil polypeptide to the highly ordered
secondary, tertiary and quaternary structures which
give the protein its three-dimensional conformation
and its active sites, seems to take place at the
microsomal level itself, since fully active enzymes
were found on the ribosomes. The disulphide bridges
which conform the tertiary structure and biolcgical
activity to some proteins, in addition to hydrogen
bonding and ionic and hydrophobic interactions,
have to be formed by oxidation of sulphydryl groups
of cysteine residues, which must also be taking place
on the microsomal membranes, and the electron
transport activities and potential oxidants, there
fore, assume importance.

The brilliant work by Anfinsen and coworkers77

demonstrated that four disulphide bridges of bovine
pancreatic ribonuclease could be reduced by
{3-mercaptoethanol in the presence of 8M urea with
concomitant loss of enzyme activity. This prepara
tion could be reactivated by dilution and aeration
and the process was accelerated by the combined
presence of washed microsomes and a supernatant
factor derived from rat liver, the two factors being
ineffective individually. We extended this work and
found that depending on the homogenizing medium,
the microsomal preparations alone could reactivate
the enzyme80• Ferricyanide enhanced the microsomal
reactivation, possibly by counteracting the inhibition
of mercaptoethanol present in the reactivation
system. Sulphite, sulphydryl and dithiol agents
showed marked inhibition. The activity was sensitive
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Fig. 11 - Changes in the content of ubiquinone o[ the
developin!,: chick embryo and the yolk residue [Each value
IS an aW'rage of at least three independent determinations.

The experimental details were given in ref. 88 and 89]

for the foetus. It is not clear whether the rat embryo
at an early stage can synthesize its own ubiquinone
or will depend on the blood supply and thereby
indirectly on the diet. Ubiquinone-free diet, however,
did not affect the development of the foetuses.
It was difficult to decide whether small quantities of
ubiquinone of intestinal or uterine origin were
available in such animals.

Ubiquinone and the developing chick embryo
The chick embryo is an ideal system for such a study.
It has an ' extra-uterine' existence during develop
ment. It is a ' closed system' free from any
microbial contamination, with all the nutrients
stored within the egg. Analysing a large number of .
eggs, it was found that sufficient ubiquinone-IO was
stored in the yolk and none in the white portions6.
These results were amply confirmed by otherss7.
Increasing quantities of ubiquinone, along with sterols
and tocopherol were laid into developing follicles
in the hen's oviduct during their maturation to the
yolk of the eggss. Studying the changes in the ubi
quinone concentration in the egg yolk and the embryo
during different stages of development, it was found
that during the initial stages, there was a decrease of
ubiquinone concentration in the yolk up to the
fifth day, after which stage the embryonic ubiquinone
increased several-fold (Fig. II)S9. The total ubi
quinone content per egg also increased after the tenth
day of development, indicating de novo synthesis.

We believe that this may serve as a model for the
natural mechanism, which may involve the abundant
non-heme iron in the microsomal membranes where
proteins are being assembled.

Sulphite nxidase-A widely distributed microsomal
enzymecatalysing specifically the oxidation of inorga
nic sulphite using cytochrome c, oxygen, ferricyanide
or dichlorophenol indophenol as electron acceptor, was
found in the rat's. Acetone extraction of microsome,;
removed all ubiquinone, but not sulphite oxidase
activity and, therefore, ruled out the involvement of
ubiquinone in the reaction. However, it was found
tl1.1t the acetone extracted residue had several-fold
increased activity of the enzyme than the original
microsomes. Such increased activity was also found
in. aged microsomes or on treatment with deoxy
cholate. Therefore, this enzyme is apparently present
in a cryptic state when associated with the lipids
of the microsomal membranes79. It appears some
of the active sites of the existing enzyme protein
may have been masked by the lipids which are
released on reshuffling or removing the lipids.
Another microsomal enzyme, glucose-6-phosphatases4 ,

is also known to be activated by deoxycholate and
also by other treatments, e.g. triton X-IOO, not
in common with the activation of sulphite oxidase.
Sulphite oxidase assumes importance since an inborn
error of absence of this enzyme in a human infant
had been found recentlyS5.

The interesting features of the three systems are
summarized in Table 3.

Ubiquinone and Embryonic Development
Ubiquinone in the rat embryo - An important

observation was made in the case of pregnant rats
that ubiquinone-IO-14C was incorporated into foetuses
both on oral and intracardial administration of the
tracer. This is somewhat astonishing because of the
lack of such absorption by tissues other than the liver
and the spleen. It appears that ubiquinone in the
blood can pass through the placental barrier and
would be available for the foetus like other related
lipid components, vitamins A, E and K and also
cholesterol. Dietary ubiquinone is the only source of
ubiquinone in the blood in view of the lack of its
internal transport in the body; therefore, exogenous
ubiquinone will have an important role as a source
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TABLE 3 - FEATURES OF SOME MICROSOMAL OXIDATIVE ENZYME SYSTEMS IN THE RAT·

Treatment or source of
microsomes

Reduced NAD·cytochrome
c reductase

Reduced ribonuclease
reactivating system

Sulphite oxidase

Increased lO-fold; cryptic
activity exposed; easily solu
bilized

Native activity increased ex
posing part of the cryptic
activity

Low; cryptic activity absent

Increased 6-fold; cryptic acti
vity exposed

Increased lO·fold; cryptic
activity exposed

No effect

Low

Decreased

No eflect

Activity restored

Partial inhibition; easily solu
bilized

Present

Partial inhibition; requires
high concentration for solu
bilization

No eflectFeeding cholesterol or ubiqui
none to rats

Developing embryo

Ageing of microsomes No eflect

Acetone-extracted microsomes Irreversibly inactivated

Extracted lipids added to above No eflect
system

Deoxycholate treatment

·Information from ref. 79, 81 and unpublished work.
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. Exogenous ubiquinone-lO-I'e, injected into the
egg, was picked up by embryo at the early stages.
Incorporation of mevalonate-2-I'C into ubiquinone
could only be found at 10 days and not at earlier
stages. These experiments indicate the followinl(
facts: (a) preformed ubiquinone ran be utilized by the
embryo, (b) ubi'luinonl' s~'nthe,is is not elaborated
in the early embryonic tissue and (c) yolk ubiquinone
may st'l've as the important supply for the ll!'ec!..;
of the embr~'o in the early stal(l's of dCvl'lopmcnl.
So far no el(g was found to be deficient of ubiquinone
to test whetlwr embr~'onic de\'l'lopml'nt will be
impaired. The evidence, indircct as it may bl',
supports the vil'w that ubiquinonc mav hav!' a
significant roll' in early embryonic development'o

Ubiquinone under Nutritional Conditions

A large number of experimental conditions, such as
nutritional deficiencies, dietary supplements of hor
mones, toxic substances and inhibitors of cholesterol
svnthesis, and environmental strcss conditions, have
'{een tested in this laboratorv for their effect on the
concentration, synthesis and catabolism of ubiquinone
in the liver of rats. These results are summarized in
Table 4.

Vitamill A deficiency - Vitamin A deficiency and
ubiquinone have an interesting historical association.
The earliest observation on the compound with
absorption peak at 275 mlL was mad!' b~' Moore and
]{ajagopa'91 in lipids of Jivl'rs of rats fed insufficient

TABLE 4 - CHANGES tK THE CONCEt"TIL\T10N, SVt'THESI5 AND CATAnOLlSM OF l'B1QUlNONE IN THE LIVER OF
HATS UNDER J)lF1~EJ{E('OT EXPl-:H.IMENT.4,L CO:\UITIONS

Conc('nlratilm Synthcsis* Catabolism·
-------------- ._-----_._-----

I1\ILmulc/g· <X. of normal Counts/min./ % of normal
lin'r (= 100) g. Ih-cr (= 1(0)

NUTRITIONAL DEFICIENCIES

250 156 t 525 345 t I.owered
290 181 t 80 40 1- do
170 1\0 change 100 No change No dtangc

i23 do 100 do do
90 48 1- 140 64 .~ ].O\n:n·u

90 68 1- 390 700 t .Kot known

DIETARY SUPI'LEMEXTS

490 290 t 186 240 t Lowered

214 167 t 90 180 t do
250 172 t 20 50 1- do
110 76 1- 30 83 1- Kot known
210 127 t 130 250 t I.owl'red
220 133 t 60 176 t No change
140 No change 40 No change do
86 68 1- 70 75 j. Probably enhanced

196 245 t 250 285 t I.uwl'rcll

68 6\ 1- 20 7 1- Not known

65 58 1- 30 10 1- do

78 70 1- 100 35 1- do

160 150 t 70 107 t r.nwercd
68. No change 40 No change No change

158 145 t 870 350 t Not known
153 1\4 t 1270 690 t do
232 182 t 180 42 1- do

ENVIROSMEto\TAL CONDiTrOXS

330 210 t 150 430 t T.owcrcd
460 290 t 25 H 1- do
160 No change 15 30 1- l'tlt known

Cold exposure (0-5°C.)
10 days
40 days (acclimatized)

Low atmospheric pressure (I atm" 6 hr)

(The upward arrow represents inlTl'aSl' and the downward arrow decrease, relative to the corresponding control animals)

Experimental condition

Thyrotoxicosis (0,3% iodinated casein,
34 days)

Thyroxine supplement (30 mg./kg. diet)
10 days
20 days

Thiouracil (0'3%, 20 days)
Cortisone (2 mg./day, 20 days)
Adrenaline (50 iLg./day, 20 days)
Noradrenaline (100 Ilg./day, 15 days)
Hypervitaminosin A (5 mg. yitamin AI

day, 15 days)
Chlorophenoxy-isobutyrate (CPI B)

(0'5%, 10 days) (inhibitor of cholesterol
synthesis)

SKF 525A (1 %, 10 days) (inhibitor of
cholesterol synthc~is)

W398 (1 %, 10 days) (inhibitor of cho""
terol synthesis)

ex-Phenyl butyrate (1 %, 10 days) (inhi-
bitor of cholesterol synthesis)

Dinitrophenol (0'3%, 7 days)
Ethionine (0' 5%, 15 days)
Cholic acid (0' 5%, 5 days)
Cholesterol (1 %, 30 days)
Ubiquinone (1'5 mg./day, 10 days)

Vitamin A dcfici('ncv
10 davs on dl'llcit:nt dil,t
Plateau stage

I'olatc ut'liciC'ncy (2~~ sulphaguanidinc,
33 da,'s)

Biotin deticiency (11 % egg white, 60 days)
Protein d<.:flciL·ncy (0% protein did, 30
day»

Star""tion (no diet, 4 days)

.1Ifevalonate-2·14C (2 iLC./rat) was orally dosed and the incorporation of radioadivit)' into uhiquinone in the liver, 2 hr
after administration was taken to represent' ::;ynthcsis . and retention of radioactivity relative to the control at 72 hr was taken
to represent' catabolism '.
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vitamin A in the diet. The absorption peak became
prominent because of its increased intensity and the
lowered interference due to the absence of vitamin A16.

Ubiquinone concentration increased progressively
with deficienc\' in vitamin AM It was found that
this effect was'characteristic of the liver and no other
tissue in the rat l6 , and was not found in chickens'2and
guinea-pigs;4 and, therefore, was not a necessary part
of avitaminosis A. The increased liver ubiC]uinone
could be prevented by supplyin~ vitamin A alcohol
and vitamin A acid"' and by vitamin A analogues,
retinene epoxide and retinene which support growth
in the rat but not by furanoid-retinol (unpublished
data from this laboratory). Partial lowerin~ on
administration of vitamin C was claimed bv Malathi
and Ganguly'4 but this could not be confirmed by
Phillips·5.

The increased ubiC]uinone was considered to be
due to increased svnthesis since incorporation of
mevalonate-2-14C into liver ubiquinone increased·6

and this was explained to be clue to the increased
mevalonate pool available owing to the blGck at
squalene in sterol svnthesis42. ]n all these experi
ments, analvsis was clone at 24 hr, or lon~er, after the
administration of the tracer, at which time interval
the incorporation of the tracer would repres('nt
balance of synthesis ancl de~radation. Incorporation
of mevalonatc-2-·14C at earlv time interval would
represent' synthesis' and retention of larg('J' amounts
of radioactivity at late time interval would represrnt
lowered 'cataboli,m '40 \YC' introduced the nC'w
concept that increased liver ubiquinone in vitamin
A-deficient rats was due to impaired catabolism
based on the following observations: firstl~', the
incorporation of mevalonate was lower in deficient
animals at the earlv time interval; secondh-, a
large amount of ilicorporated radioactivity - was
retained at late time interval comparerl to normal
animab (Fig. 12); and thirdh-, absorbe'l exogenous
ubiquinone was not degradC'd to the same l'xtC'nt
in deficient animal 27. "Ve also confirml'd the lack
of increased s\'nthesis in vitamin A-deficient liVC'r,;
in studies in i,jlm using tis:iUe slicp, (joshi, Y. C..
unpublished rlata). The p!fpct on catabolic block

....
·5200

]
~
WI

~ 100
o
u

24 48 72
He )rs after dosil\9 tracCt"

Fig. 12 - Incorporation of mevalonatc-2-HC into lIuiquinonc
of livers of normal and vitamin A-deficient rats [Hats w('rc
orally dosed with the tracer (5 !-,C.jrat) and killed after speci
fied time intervals. The average va\ue~ {rom two lnrlcpcn
dent determinations are given. . Plateau' and . post
plateau' refer to the stages of deficiency o( vitamin i\ in the

rat (data [rom ref. 27)]

could also be reversed by supplying vitamin A or
its analogues which reduced the ubiquinone levels.
Also, evidence obtained was in favour of the hypo
thesis that the accumulation of liver ubiquinone
represents the impairment of the process of turnover
of membrane structures with which ubiquinone is
a,;sociated27 •

Recent experiments demonstrated that during the
development of the deficiency, there was an inter
mediate stage where synthesis of ubiquinone in
creased, but it reverted to the initial low level
when the animal was depleted of vitamin A (plateau
"tage). Also under toxic doses of vitamin A, both
s\'nthesis and liver concentration decreased. The
ahove effects appear to be more due to the stress
condition, similar to the responses obtained in other
nutritional and environmental stress conditions, and
not due to direct involvement of vitamin A or its
absence (Joshi, V. C. & Laxman, M. R., unpublished
data).

Methyl groups of ubiquinone - Other fat-soluble
\'itamins and most water-soluble vitamins were found
to have no effect on ubiquinone. Biotin and folate
were tested in this laboratory to complpte the list,
and found to be ineffective in influencing ubiquinone
metabolism.

1n the rat, it is not well established that all the
three methyl groups (two a-methyl and one C-methyl)
of ubiquinone were dC'fived from methionine. It was
shown that a-methyl groups wpre labelled by
methionine-methyJ-l4C30 The unusual C-methylation
reaction was found to occur in animals as judged
by the incorporation of formate- H C7o, via probably
folate coenzymes. The possibility of the inter
mediate participation of methionine was not directly
\·erified. 1n view of the failure of folate deficiency
to influence ubiquinone synthesis, it can be presumed
that the abundant methionine present in the diets of
these animals would ha\'e supplied the C-meth~'l

group as wd!.
Ethionine is known to compete with methionine

bv transferring ethyl groups in the place of met hyl
groups. 1t was of interest, therefore, to see whether
on feeding ethionine to rats the normal homologue of
ubiquinone will be replacpd by the ethyl homologue.
This experiment will be of added significance
since this will offer a natural method of obtaining
mitochondria in which a homologue replaced the
normal ubiquinone without resorting to the procedure
of solvent-extraction followerl bv· addition of the
exogenous homologue. Previous'studies using this
technique by Folkers and associates" showed that the
alkoxy group was essential for activity and could not
be replaced by amino group or methyl group while
2-desmethyl ubiquinone was fully active. Our
C'xperiml'nts showed that liver mitochondria of rats
fed ethionine possessed full succinate oxidase and
"uccinate-neotetrazolium reductase activities. Ubi
C]uinone isolated from the liver and the kidney of
such rats showed apparent discrepancies from' the
normal homologue in having a low melting point,
lower. extinction value at 275 mp. and streaking
IwhavlOur on reversed phase paper chromatography.
But, it appears, these differences arc due to some
accompanying impurities that could not be rrmoved
from these samples in contrast to samples from
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normal rats, since mass spectra (kindly carried out by
Prof. T. W. Goodwin at the University of Liverpool)
revealed only the normal methyl homologue of
ubiquinone-9 (mol. wt 794) and no variant forms.
Therefore, the methyl group transfer in ubiquinone
biosynthesis is refractory to competition by
ethionine.

Effect of sOnle hormones - Under conditions of
thyrotoxicosis induced by feeding 0·3 per cen t
iodinated casein to rats the liver ubiquinone concen
tration was known to increase98. We showed that the
reason for this accumulation was increased synthesis
and, in part, decreased catabolismso. Thyroxine
supplement at sub-toxic doses also produced these
effects. But the influence of thyroxine on ubi
quinone metabolism appears to be indirect, since
added thyroxine to a tissue-slice system synthesizing
ubiquinone did not elicit any response. Also, m the
normal animals, thyroxine apparently has no control
on ubiquinone, since the lack of it in hypothyroid
conditions produced no significant change in ubi
quinone metabolism. Administration of exogenous
cortisone and adrenaline, but not noradrenalme,
increased the synthesis and concentration of ubi
quinone in the liver. It appears that adrenahne
may be the primary agent responsible for the
increased synthesis of ubiquinone observed under a
variety of stress conditions (Inamdar, A. R., un-
published data). .. ..

Protein status and ub~qumone metabohsnl - Smce
phenylalanine is needed for the formation of the
quinone ring of ubiquinone, it is . logical to expe~t

that changes in concentration of dietary protem WIll
affect the ubiquinone in the animal. As expected,
protein deprivation in the diet. of adult ?r ~eanling

rats resulted in marked lowermg of ublqumone of
liver and heart26 and its synthesis40. This is the only
well-accepted condition which decreased ubiquinone
to very low levels. Deficiency of ubiquinone was
not produced even when the animals were kept on
protein-deficient diet for 30 days (FIg. 13). ThIS work
had been fully confirmed by Williams99. Being an
essential component, ubiquinone appears to be
maintained at a minimum concentration along with
other vital oxidation reactions, probably by the
breakdown of the tissue protein and using phenyl
alanine therefrom. Conservation of the important
energy-yielding reactions seems to be part of the
survival mechanism in such animals.

~
:3 40 10 20 )()

DaYS on protein-deficient diet

Fig. 13 - Changes in ubiquinone concentration in livers of
rats maintained on protein·ctcficient diet. [T~e values a~c
mean and range of independent determmatlons from SIX

rats (data from ref. 26)]
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Starvation and ubiquinone concentration - Starving
the rats for a period of 2-7 days by complete
deprivation of the diet also depressed ubiquinone
contents of the tissues. This is in disagreement
with the reports of earlier workerslOO,lOl In fact,
decrease in synthesis and content of ubiquinone
as observed by us should be expected in view of the
reported lowering of the important enzyme in
isoprene synthesi , HMG-CoA reductase under condi
tions of starvationJ02.

Effect of rancid fat on tissue vitamin E and ubi
quinone contents-A different type of experiment on
nutritional alteration was carried out bv Acharya
and ]ayaraman l03 in this laboratory. Rancid {at
destroyed ubiquinone and vitamin E on incubation.
Feeding this to normal or pregnant rats did not
decrease the concentrations of ubiquinone or vitamin
E in the tissues, including uterus and content~.

But the foetuses were resorbed at about the four
teenth day, giving an example of resorption in
spite of the presence of vitamin E and thereby sug
gesting that the action of vitamin E in fertility is
indirect.

Environmental Stress Conditions

Our interest in the effects of low invironmental
temperature and low atmospheric pressure on the
ubiquinone and oxidative metabolism had originated
out of the topical importance of the understanding of
the biochemical process attendant on exposure and
acclimatization to high altitude conditions.

Effect ofexposure to low environmental temperature
Several theories have been proposed to explain the
increased heat production necessary to maintain the
body temperature of the cold acclimatized rats.
The basic mechanisms by which the energy is
liberated in the form of heat still remain to be
established. Rapid transfer of electrons by way of
calorigenic shunt pathways in mitochondria as well as
microsomes appears to be the most likely means of
achieving the production of the excess heapo4. To
this end, components of such pathways have to be
activated and increased in concentration. The
possibility of increased ubiquinone obtained in
cold exposed animals playing such a role is worthy
of consideration lOS. Several dehydrogenases and
reductases are now found to be activated and an
integration of such systems may account for the
excess heat produced. Ubiquinone appears to be
an ideal compound to participate in such shunt
pathways.

There were three stages in the process of accumula
tion of ubiquinone in the livers of cold exposed rats:
firstly, at 5 days of exposure, there was lowered
catabolism whieh continued throughout the cold
exposure conserving thereby the normally synthesized
ubiquinone; secondly, at 10-20 days, there appeared
to be increased demand for ubiquinone, which was
provided by increased de novo synthesis; and thirdly,
at 40 days when the ubiquinone concentration was
high, the rate of synthesis returned to the normal
level. Feeding ubiquinone to these rats during
cold exposure eliminated the increased synthesis
at the intermediate stage (Fig. 14)28. Progressive
with increase in ubiquinone in such animals,
ubiquinone-dependent mitochondrial succinate-neo-
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510 20 <Kl
Days exposed to cold

Fig. 14 - Changes in concentration and !'>vnthcsis o[ ubi
quinone in livers of rats exposed to low environmental tem
perature (O-SOC,} [Synthesis \-vas mcasun'd by incorporation
of radioactivity into uuiquinone 2 hr after orally dosing
mevalonatc-2- 14C (2 tLC./rat). UhiquinoT1p was fed at a

level of 1·5 mg./day/rat (data from ref. 28)]

tetrazolium reductase '06 also increased. Increased
activity of this enzyme system could also be obtained
in animals at room temperature on increasing the
liver ubiquinone by absorption from dietary supply
(Aithal, H. N., unpublished datil). These findings,
it is hoped, may turn out to be of practical im
portance.

Effect of exposure to low atmospheric pressure
Of the metabolic adjustments in the animals exposed
to low atmospheric pressure and consequent hypoxia,
those of oxidative metabolism will be of prime
interest. Synthesisof ubiquinone requiring molecular
oxygen and ATP was indeed lowered, since oxygen
was limiting when rats were exposed for brief periods
to half atmospheric pressure in a decompression
chamber.

Some interesting observations were made on the
changes in enzymes in such animals. Succinate
oxidase activity in the liver increased and this was
found to be due to the specific increase of succinate
dehydrogenase - the rate-limiting enzyme in the
multienzyme system. Cytochrome oxidase and suc
cinate-neotetrazolium reductase activities were un
affected. The differential response of succinate
neotetrazolium reductase points to the fact that
this system does not share the flavoprotein of suc
cinate dehydrogenase of the oxidase system or has
an alternate active site of the same proteinlO7•

Simultaneous exposure to low temperature and
low pressure as obtained under conditions of high
altitude would set in serious complications. The
excess oxygen needed for the increased heat produc
tion is unavailable and, therefore, the process of
acclimatization to the cold will be affected. Similarly,
increased synthesis of ubiquinone necessary in
cold exposure will not be possible in hypoxic condi
tions. The hyperthyroid condition obtained in
cold exposure is detrimental to the process of
adjustment to low pressure. Thus, the processes of
adaptation to the individual conditions are opposing
-each other. Consequently, a balance of the two pro
cesses will have to be attained in acclimatization to
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high altitudes. Study of these aspects at the
metabolic level is of fundamental importance.

Regulation of Steroidogenesis by
Ubiquinone

The pathways of synthesis of cholesterol and ubi
quinone (side chain) share a common sequence of
reactions between acetate and mevalonate and at
least up to isopentenyl pyrophosphate. These two
compounds can be considered as the end products of
isoprene synthesis found in the liver. It is known
that the biosynthesis of cholesterol in the rat was
suppressed under conditions such as feeding chole
sterol'08-110, and starvation"O,ll and was enhanced
when the animals were treated with triton or
X-irradiation. The reason for these changes was
shown to be the alteration of the rate-limiting enzyme,
~-hydroxy-~-methylglutarylCoA (HMG-CoA) reduc
tase"O,ll2. As this enzyme appears to be shared by
ubiquinone, it is important to know whether un
desirable side effects occur in the production of this
compound. Conversely, can ubiquinone exert a
similar regulation and inhibit isoprene synthesis?
Our experiments carried out during the last three
years have revealed exciting new information of
immense potential value on the regulation of
steroidogenesis.

The incorporation of acetate-I-14C and mevalonate
2_ 14C in digitonin-precipitable sterols (mostly chole
sterol), hydrocarbons (mostly squalene) and ubi
quinone in the livers of rats fed either cholesterol
(1 per cent in the diet) or ubiquinone-9 (1,5 mg./day/
rat) was measured. Incorporation of the tracers was
established to represent the true synthesis of these
compounds and decrease thereof as due to inhibition
of their synthesis.

Effect oj feeding cholesterol on isoprene synthesis 
As previously reported by other workers, cholesterol
feeding inhibited endogenous cholesterol synthesis as
expected of the established inhibitory effect on the
microsomal HMG-CoA reductase. Also a secondary
site of inhibition appears to be present after squalene,
possibly the microsomal squalene hydroxylase. The
existence of the secondary control point in the
branched pathway would be necessary to divert the
available small mevalonate pool, already lowered
on account of the primary inhibition, towards the
synthesis of ubiquinone, which explains the preserva
tion of the small quantities of ubiquinone essential for
vital oxidations50•

Effect of dietary ubiquinone on steroidogenesis
The most interesting observation was the inhibition of
sterol synthesis from acetate in rats fed small quan
tities of ubiquinoneso The site of this inhibition
appeared to be before mevalonate and after acetyl
CoA, since the incorporation of neither mevalonate
into sterols nor acetate into fatty acids was affected.
In several experiments the inhibition of sterol syn
thesis was in the range 30-50 per cent, despite
long periods of feeding ubiquinone or increasing the
dose. Nevertheless, liver cholesterol levels remained
fairly constant"3. These effects happened to be
identical to those obtained on administering the
plasma cholesterol depressing drug, p-chlorophenoxy
isobutyrate (CPIB), also called by the trade name
Atromid-S ll4. Liver being the source of cholesterol
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Fig. 15 - Co"nccntration of serum sterols in normal rats fed
ubiquinone (1'5 mg./rat/day) or CPIB (0'5 pt'r cent in the
diet) [Each value rcprcspnts mean and range of indcpcnd<'\I1t

doterminations from six rats (data from ref. 115)]

in the serum, inhibition of its synthesis in the liver
should reflect in lowering' of ser~m sterol concentra
tion. To' our great satisfaction, this indeed
turned out to be true. Feeding ubiquinone reduced
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serum sterols in a parallel manner as (PIB did
(Fig. 15)110.

It may be recalled that ubiquinone feeding
increased liver ubiquinone concentrat.ion exclusivelv.
The action of C1'II3 was considered indirect a1;d
by alteration of some metabolic reactions1l6, and
it was found that the drug increa,eu the synthesis
and the concentration of ubiquinone in t.he liver
to the ,am" extent as obtained bv dietary ubi
quinone115. Therefore, we believe ·t.hat increased
liver ubiquinone concentration, obtained either way,
was responsible for the obsen'ed inhibition of
sterol s\'nthesis in the liver.

Secondary control point in Ithiq1tillollc synthesis 
Exogenous ubiquinone also inhibited endogenous
synthesis of ubiquinone after the mevalonate stage,
without affecting the other branched pathway.
A secondary site of inhibition appears to exist
at the stage of synthesis of polyprenyl side chain,
presumably after isopentenyl pyropIH"phate Il3. Its
quantitative significance is yet to be understood,
but it appears to be present wherever ubiquinone
concentration in t.lle liver increased, such as cold
exposure, vitamin A deficienc~' and hyperthyroid
condition. The ()bSl~rved effects arc represented in
Fig. 16 amI the characteristics arc summarized in
Table 5.

Ratc-limitill,!!, step in isoprcllC sYlIthesis in the
liJe (yell' vJ the rat - It is known that the rat('
limiting step of isoprene synthesis is ])('tween acetyl
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TABLE 5 - CHARACTERISTICS OF THE END PRODUCT JNHIBITIO:X OF STEROL SYNTHESIS BY DIETARY UBIQUINONE AND
CHOLESTEROL l~ THE RAT

Inhibition of sVllthcsis in liver
(acetates tcroh)

Serum sterol concentration
Specificity of homologues

Sit(' of inhibition
Prirnarv
SecondaTv

Feedback or repression

Tissue specificity

Tumour cells
Young animals (livers)

Colli exposure (0-5') (livers)

Ubiquinone-fed

50% or under

Decreased
Only the natural, major homologue, Q-9 but nut Q-IO,
Q-7 or Q-6

Acetyl eoA ~ -+ -+ mc\"alunate
lsopcntenyl-PP ~ ~ ubiquinone

lot decided; ubiquinone concentration increased in
nucleus, mitocbondria and microsomes whcnl'vcr such
inhibition was found; exception: CPIB feeding in
which microsomal Q did not increase; could be either
fCI'dhack or repressiun of mitochondrial enzymes form~

ing HMG Co,\ or repression of microsomal H:YIG CoA
reductase. but not similar to the .cholesterol fCc"dback
mechanism

Liver, but not kidney or intestines; other tissues not
tested

Not known
Absent till weaning [CPIE effect also absent in young
suckling rats (ref. 119))

Absent in cold acclimatized animals

Cholesterol-fed

95% or JI'lOrc

]ncreascd
SpecifiC; derived bile acids also
show similar effect (ref. 117)

HMG CoA ~ mevalonate
Squalene -? lanosterol
Feedback inhibition of the micro
somal enzyme, HMG CoA reduc
tase (ref. 112)

Liver but no other tissue

Deleted in hepatomas (ref. 118)
Present

No effect

(oA amI mevalonate amI this is identified as Hl\lG
CoA reductase. Hecent experiments demonstrated
that while incorporation of radioactivity into sterols
on the basis of unit liver weight from mevalonate
2-J4C was unaltered, that from acetate-I-He was
high in young animals and decrpased in the adult
animals, showing that a rate-limiting step had
developed after the initial growth phase (K rishnaiah,
K. V., unpublished data).

Significance of the control mcchanisms - Inhibition
of endogenous synthesis of cholesterol by dietarv
cholesterol does not achieve anv reduction of total
body sterols; instead it is us·ually much higher,
because the exogenous cholesterol is absorbed to a
large extent and replaces the endogenous form_
With respect to serum sterol concentration, this
mechanism offers no possibility of reduction. Also,
the existence of fecdback inhibition by dietary
cholesterol in the man has been in doubtl 20. But
ubiquinone feeding does reduce the total body sterol
content and the serum levels in the rat. Ubiquinone
is a natural constituent of the animal tissues and is
being ingested in the diets regularly. In the rat,
only a small fraction of the dietarv supply was found
in the liver with more than 50 per cent being
rejected in the faeces. Work in this laboratory also
demonstrated the presence of ubiquinone-lO in a
human faeces sample and in domestic sewage121 .

At the concentrations fed (about 10 mg./day/kg.
body weight). there were no deleterious effects on the
rats when ubiquinone supplements continued for
extended periods. By natural met;lbolic alterations
such high concentrations as necessary for the
inhibitory effect could be produced within the body.
Therefore, we consider the inhibitory effect by excess
ubiquinone represents the natural re{?;ulatory mecha
nism for the maintenance of sterol synthesis in the
liver. Liver supplies cholesterol through serum to
other tissues, notwithstanding their endogenous
synthesis_ It will be necessary to know how much
the tissues like adrenal and uterus that produce

, active steroid hormones' depend on the liver supply
for steroid nucleus before an assessment can be made
on the complete physiological responses of the
inhibitory effect of ubiquinone on steroidogenesis.
In this connection it is noteworthy that ubiquinone,
when intravenously injected in dogs, was found to
inhibit steroidogenesis and to lower the secretion of
aldosterone by the adrenals122. It seems likely that
this effect might have been obtained by the above
mechanism.

Atherosclerosis is one of the largest' killers' in the
affluent societies. This involves hardening of the
arteries by way of fat deposits, of which cholesterol
forms the bulk. While the consequent failure of
heart and excess cholesterol are not yet decidedly
connected, reduction of the high serum sterol con
centration is considered by the clinicians to lessen the
danger. Encouraged by our experiments with rats,
we tested the effect of ubiquinone on the serum
sterol concentration in a clinical case of hyper
cholesterolemia. We could carry out this trial
with the excellent cooperation of the patient, an
employee of this Institute, and under the supervision
of the Resident Medical Officer, Dr T. B. Subbarao.
Ubiquinone-lO, the natural homologue in the man,
was taken daily in the morning mixed with coffee
(30 mg. in a suitable placebo; formulation supplied
to us by Hoffmann-La Roche). We were delighted
to find the anticipated response, with absolutely
no side effects. The serum cholesterol was brought
down to 200 mg./lOO m!. from the initial 260 mg./
100 m!., when ubiquinone was consumed and
returned to the high level when it was withdrawn
(Fig. 17)_ Trials with more cases are under way
yielding hopeful results.

Retrospect and Prospect

The molecule of ubiquinone has fascinating
characteristics and properties. While intensive work
is going on in several laboratories it has still remained
elusive in two aspects: its function and its bio-
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Fig. 17 - Response of serum sterol concentration to ubi
quinone feeding in a hypercholesterolemic man [Ubiquinone
mixed in a placebo. ! tablespoonful containing about 30 mg.
of Q-I0, was taken daily mixed in a cup of coffee in the
morning. It was discontinued for a week in the middle
curing which period the patient went out of station, attended
a marriage and had rich, fatty food. The serum sterol levels
were depressed when Q-I0 was consumed and they returned
to higher initial levels on withdrawing it. The blood pressure
values are also shown; note the trend of decrease while on

ubiquinone treatment]

synthesis. Nevertheless. the progress on this group
of compounds had been enormous much to the
credit of workers in England, America and Switzer
land and our own contributions form a'minor part.
The scope of this article had been intentionally
limited to the areas of interest of this laboratory and.
therefore. several important discoveries and references
have been regretfully omitted. The knowledge
gained on the lipid-quinones has been extensively
covered in two recent reviews7,9.

Ubiquinone. the major interest of our laboratory,
had kept us busy and yielded good dividends. It had
afforded us exercises into various aspects of bio
chemistry and allied disciplines. The underlying
theme of a large volume of our work revolved around
exogenous ubiquinone: absorption and distribution
in tissues and cell components, interaction and
equilibration with endogenous form, participation in
and activation of electron transport systems and
regulation of endogenous synthesis of isoprene com
pounds. One interesting sideline had developed
out of the main theme. Ubiquinone and cytochrome
c. the two ' mobile' electron transport components,
were found to be capable of functions outside the
scope of electron transport, viz. cytochrome c in the
formation of tertiary structure of a protein and
ubiquinone in the inhibition of steroidogenesis.

In the not too distant future, biosynthesis of
ubiquinone will be completely understood and the
possibility for the aerobic and anaerobic pathways
being different seems well set. Being a ccnstituent
of membrane structure. the role of ubiquinone in
membrane function will be on the focus. The very
fact that ubiquinone is a widely occurring cellular
constituent qualifies it for a role in cellular function
according to Folkers123, who had been advocating the
role of ubiquinone homologues in muscular dystrophy
and reticulocytosis of a type of haemolytic anaemia,
He had also voiced optimism on the prospective role

162

of ubiquinone in 'biology and medicine', and
referred to the Japanese attempts on the extensive
clinical trials. Our discovery on the regulation of
steroidogenesis by ubiquinone will soon hopefully be
exploited for its therapeutic use.

Summary

The work carried out at the Department of
Biochemistry. Indian Institute of Science, Bangalore,
on ubiquinone has been summarized and the literature
in these areas of interest has been reviewed, identi
fying the 'achievements and the unsolved problems.
It has been established that ubiquinone is distributed
in all the cell components of the liver. Exogenous
ubiquinone is absorbed exclusively into the Ih'er
and is not mobilized by other tissues. All the tissues
have independent capacity for the biosynthesis of
ubiquinone except developing embryo at the early
stages. which seems to require exogenous ubiquinone.
Ubichromenol. the structural isomer of ubiquinone,
has been shown to be synthesized independently,
thereby supporting its natural occurrence. The
mevalonate pathway for the synthesis of isoprene
compounds is operative in animals. plants and
moulds. but apparently not for the synthesis of
ubiquinone in some bacteria, and vitamin K in
mycobacteria. A general concept has emerged that
under some stress conditions. such as vitamin .\
deficiency, cold exposure or thyrotoxicosis, liver
ubiquinone accumulates owing to lowered catabolism
and partly due to activation of synthesis. Excess
ubiquinone in the liver inhibits the synthesis of
cholesterol and consequently reduces serum sterol
concentration. This discovery assigns a new func
tion to ubiquinone as a regulatory molecule in
steroidogenesis.
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REVIEWS

PHYSICS OF THE MOON, edited b~' S. Fred Singer
(American Astronautical Society, Washington DC),
1967. Pp. xi+248

This book is the thirteenth volume of the AAS
Science and Technology Series and contains the
proceedings of a symposium held by the American
Astronautical Society at \Vashington DC during
26-31 December 1966.

The moon has captivated human imagination
since the earliest times. Sanskrit poets were WI"\"

fond of comparing the faces of damsels with the
surface of a full moon. A Sanskrit scholar was
shocked when he saw the lunar surface through a
simple telescope and he would be further shockecl
after seeing the excellent photographs of the lunar
surface provided by the Rangers, Surveyors, Orbi.
INS, Luniks, Lunas and the londs, which provide
the material for some of the papers presented at the
symposium.

The available evidence indicates that man\" of the
lunar craters arc of impact origin, while others arc
the result of some form of volcanism. The large
, marias' on the lunar surface facing the earth are
apparently the result of a flow of liquid material.
I nfrared measurements indicate that about a tenth
of the lunar ,urface are covered with rocks, which
reveal themselves as ' hot spots' during lunar nights
and lunar eclipses. The remainder of the lunar
surface appears to be covered with dust of particlt'
size considerabl\' ie,s than a millimetre. This
, dust' is not so'ft.

The observational data also provide indirect
information about the lunar interior and the origin
of the moon. The paper by Singer on the 'Origin
ancl dvnamical evolution of the moon' is vel"\"
thought-provoking. He concludes that the moo~
was initially a co-planet and that it was capturerl by
the earth as the two approached within a couple of
earth-radii, about four billion years ago. The cap
ture was catastrophic in the sense that a huge
amount of rotational energy was converted into
heat within the bodv of the earth amI the moon,
,ufficient to melt the' moon as well as to deflnid the
crustal rocks of the earth. The laUer event led to
the early formation of oceans and the atmosphere.
The discussions also speculate how a study of moon
quakes may lead to an increase in our knowledge of
earthquakes.

The book contains eleven papers and two panel
discussions. The papers are on: Orbiter observa
tions of the lunar surface; Crater statistics and
erosion; Review of lunar infrared observations;
Optical properties and infrared emissions of the
moon; Radar properties of the moon; "Remarks on
lunar photography; Present knowledge about the
thermal history of the moon; The geometric and
dvnamical figures of the moon: Lunar seismic ex
ploration; Lunar gravity investigation; and The
dynamical evolution of the moon. The first panel
discussion is on the lunar surface while the second
is on the lunar interior.

The book is well produced and is a good addi
tion to public libraries, although a luxury for
individuals.

P. R. PISHAROTY

bFRARED SPECTROMETRY OF I,NDUSTRIAL POLYMERS
by C. J. Henniker (Academic Press Inc., New
York), 1967. Pp. ix+229. Price $ 10.00

The book is divided into eight chapters of which
the first five chapters discuss the instrumentation
,Inti the. techniques of infrared spectroscopy in
general. The adaptation of these techniques to
the study of polymers has been lucidly discussed.
By far the most outstanding feature of the book
under review is the discussion on the techniques
of sample preparation and special spectrometric
techniques for polymer work. This book would
gi\'e very valuable guidance for practical difficulties
in these fields.

The basic theory of the infrared spectra is too
inadequate and the author assumes the basic know
ledge of spectroscopy and polymers. There is still a
gap left because the application of the basic theory
to crystalline and amorphous solids is quite involved
and spectroscopists working on polymers have
necessarily to be acquainted with these. Since this
aspect is not discussed in the present book, a detailed
thorough analysis of the polymer spectra has not
been given. The last three chapters dealing with
qualitative identification, quantitative analysis and
special applications to polymers are rather short
account of important contributions by various
workers including those from the authors' labora
ton'. The bibliography in this part is undoubtedly
\·aluablc.

The expression in the first three chapters is rather
unusual and the terminology uncommon in some
places. This part of the book does not make an
ea,\' reading. It seems more like a translation of
the original text. The expression. however, is better
after the first two or three chapters. The book is
well produced and practically free from printing
mistakes.

The hook on the whole is a good addition from
the point of view of an experimentalist working on
polymer spectra.

1\1. R. l'ADHYE

METALS HANDBOOK: Vol. 3 - MACHINING, edited by
Taylor Lyman (American Society for Metals,
Ohio), 1967. Pp. xvi+552. Price $ 35.00

It is one of the most comprehensive and extensive
treatises on machining, covering the entire range of
machining processes frem turning and shaping
through milling, grinding, etc., to the newest and
exotic processes like electrochemical grinding, ultra
sonic machining, plasma machining and laser
machining. Extended sections are devoted to cut
ting tools and the influence of their geometry,
surface finish and final treatments on their per
formance as regards metal removal rates, tool life,

165



ELEVENTH SY1IPOSlUM (INTERNATIONAL) ON C01IBUS

TION (The Combustion Institute, Pittsburg, l'SA),
1967. Pp. xxi+ 1200. Price $ 42.00

The proceedings of the Eleventh Symposium on
Combustion is a rich collection of 117 scientific papers
on various aspects of combustion science. The
volume has covered a wide range of specialities
in the field in a pleasant manner. It begins with a
plenary lecture by Prof. A. G. Gaydon on ' The use
of shock tubes for studying fundamental combus
tion processes', a useful paper on a recent technique
on the investigation of combustion phenomena.
There are 14 papers on chemical kinetics and energy
transfer; lOon heterogeneous combustion; 6 on
charged species in cornb'.lstion processes; 6 on
carbon in flames; 5 on combustion of ammonium
perchlorate; 10 on fire research; 5 on radiation from
rocket exhaust plumes; 10 on detonation; 11 on
combustion and flow; 10 on flame mechani,ms and
structures; 8 on flame structure and properties;
6 on engine and engine-reIatcd combustion; 10 on
explosion and ignition kinetics; and 5 on flame
spectroscopy.

The chapter on chemical kinetics and energy
transfer is interesting as it contains considerable
amount of new and valuable material on a variety of
chemical kinetics and vibrational relaxation topics.
The chapter on heterogeneous combustion contains
seven review articles and docs not contain much ncw
material. The section on combustion of ammonium
perchlorate and charged species in combustion pro
cesses comprises some lively contributed papers.
The papers group~d under combustion and flow are
extremely interesting, specially a contribution on
supersonic combustion studies and three papers on
turbulent flames. Flame mechani~ms and structure
section contains an interesting paper on shock-tube
study of the ammonia-oxygen reaction and ceol
flames in addition to eight other papers on the
mechanism of flames using different fuels. The
papers on ignition and flame propagation related to
engines seem to be extremely useful.

Concluding, it should be mentioned that the
volume, compiling such a large and complex work,.

CHAN DRA MOHAN

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

selectivelv referenced and the literature up to the
middle of 1966 appears to have been covered well.
The bond angles and interatomic distances for
various heteroatomic systems have been compiled
together at the end of the volume in the form of an
appendix. This has added much to the value of the
publication as a source of reference material. The
whole book has a verv clean and attractive appear
ance and the reviewer could come across only a
minor printing error (NaP04-II) on the latter half
of page 299.

The book would be very useful to general students
for understanding the broad chemistry of hEtero
atom ring systems and polymers and is. full of
information even for those research chemIsts who
are specially interested in anyone of the specific
areas included in the present volume. The author
is to be congratulated on this excellent effort in
this fastly growing area on the border-land of
inorganic and organic chemistry.

R. C. MEHROTRA

surface finishes, etc. These cover today's tool
materials in all their diversity - high speed steels,
carbides cermets and ceramics. The machining of
all the e~gineeringmaterials is dealt with separately
in another section of the treatIse. Matenal coverage
starts from common place cast iron and extends
down to the space age materials like titanium and
ben·llium. Here again it is the difficulties en
cou~tered in the machining of these materials which
are given greater promhlence and which are of
greater interest to an engl11eer. .

The most important aspect of the coverage IS the
limiting possibilities of the different processe~ when
working with different matenals under dIfferent
heat treat conditions and the metal removal rate,
tool life tolerance and surface finish obtainable
under those limiting conditions, data which are so
very necessary at this time of fast growing techno
logical req uirements.

The entire coverage is supplemented by a la~ge

number of actual field examples on operatlon
sequences, machining set-ul?s, production timings
and influence of the workl11g parameters of the
operation, tool geometery, tool finish, etc.

The extensive coverage by some of the most
prominent men in the field. and based on the latest
research findings make tillS volume an ll1val~able

guide to any manufacturing facility and profeSSIOnal
engineer.

HETEROATOM RING SYSTEMS AND POLYMERS by
H. R. Allcock (Academic Press Inc., New York),
1967. Pp. xi+401. Price $ 16.50 or 132s.

There has been a marked activity in the field of
heteroatom ring systems and polymers, particularly
the skeletal systems containing boron, silicon, phos
phorus, aluminium or carbon bonded to oxygen,
sulphur or nitrogen. These new de~lvatlVeS cove~

the spectrum from the classically. orpamc-type,
compounds to those which are essentIally ll10rgamc
in their characteristics. Although a number of
recent reviews are available dealing with individual
series of compounds such as siloxanes, phosphazenes
and polyphosphates, this' bock appears to be the
first attempt to develop the whole domain of this
highly diverse subject in a systematic manner,
bringing out their similarities and dIfferences and
offering plausible explanations thereof. The grow
ing inforh1ation about a variety of compounds has
been thus systematized under the headings such as
nomenclature, bonding theory, pse\ldoaromatIoty,
ring-polymer equilibration, syntheSIS, polymenza
tion reactions and polymer chemistry. The result
is a logical and highly refreshing treatment that
adds much to both our knowledge of the above non
metals and of the characteristics which distinguish
the various heteroatom frameworks.

The textual material is written in a clear and lucid
style. Plausible reaction pathways have been
generally illustrated by the use of graphic formulae.
In addition, a considerable amount of information
has been collected either in the form of numerous
tables or graphs which summarize as well as illus
trate the trends in properties in a very clear and
concise fashion. The book is extensively and
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G. S. RAMASWAMY

has been presented in a pleasing style and is
praiseworthy. The Combustion Institute deserves
congratulations from the combustion scientists and
engineers for producing this excellent work.

D. BHADURI

'SHELL ANALYSIS by A. Paduart, translated from the
French by F. H. Turner (Oxford & IBH Publish
ing Co., Calcutta), 1967. Pp. 97. Price Rs 26.00

Here is an excellent introduction to shell roof ana
lysis written primarily for the beginner. Though
the volume is slender, its coverage is comprehensive.
The author has achieved this result by omitting the
rather lengthy derivations associated with shell theory
and presenting only end results. The coverage
includes folded plates, cylindrical shells and shell,
of double curvature. Important aspects of shell
design such as elastic stability and the influence of
prestressing are also discussed. Besides being a Pro
fessor, Dr Paduart is also an eminent consultant.
He has, therefore, attempted a balanced presenta
tion by paying adequate attention to such practical
details as the choice of shell dimensions, proportion
ing and placing of reinforcement.

The author's treatment of folded plates is rather
brief. In the chapter on cylindrical shells, he
has done well to refer briefly to all the well-known
theories, viz. Finsterwalder, D-K-], Aas Jacobsen,
Fliigge, Dischinger, Lundgren, Vlasov van der Eb,
ASCE manual, etc. The shortcomings of the
membrane theory have received adequate treatment.
The beam method, its validity and usefulness are
also discussed.

In the chapter on doubly curved shells, the author
has developed the membrane theory and its appli
cations to shells of revolution, the hyperbolic para
boloid, the conoid, calottes and surfaces of trans
lation. The reference to the bending theory is
extremely brief. The author might perhaps have
made the treatment more complete by including a
few critical observations about the extent to which
bending stresses penetrate in different types of
doubly curved shells.

The principles of hanging roofs are briefly de
veloped in a chapter devoted to this subject. The
chapter on instability is extremely well written.
The concluding chapter is devoted to the application
of prestressing. Prestressing of both edge members
as well as the shell edge are discussed. The treat
ment relies on physical reasoning rather than mathe
matical analvsis.

Selected photographs of outstanding shell struc
tures built in different parts of the world are in
cluded in the book. The selected bibliography
appended to the book will help the reader to make a
morc penetrating study of this specialized subject.

The author deserves all praise for his simple and
lucid prcsentation of the rudimcnts of shell ana
lysis and dcsign.

ADVA:-lCES IN ENZYME REGULALION: Vol. IV, edited
by George Weber (Pergamon Press Ltd, Oxford),
1966. Pp. xiv+387. Price S 15.00 or lOSs.

The volume is a compilation of original papers
presented at the Fourth Symposium on Regulation

of Enzyme Activity and Synthesis in Normal and
Neoplastic Tissues held at Indiana University School
of Medicine on 4 and 5 October 1965. The editor
must be congratulated for bringing together specia
lists in various fields and for choosing excellent areas
on regulation.

In the session on 'Regulation of lipid metabolism',
E. G. Ball showed the interrelationships among
lipogenesis, Krebs cycle and HMP in adipose tissues.
Nearly 45 per cent of NADPH2 required for fatty
acid synthesis is supplied by the citrate-malate cycle
and the remainder by the HMP. Gellhorn and
Benjamin reported decreased fatty acid oxidation
and free fatty acid release under stress in old rats.
This may be a cause of obesity in old age.

Rivlin and Langdon, in the session on ' Action of
hormones at the enzyme biosynthetic level',
showed that in hypothyroidism, FAD levels of rat
liver decreased due to a lower level of flavokinase,
suggesting regulation of coenzyme synthesis by
thyroid hormone. Weber et al. reported the stimu
lation of biosynthesis of three glycolytic enzymes,
glUCOkinase, phosphofructokinase and pyruvate
kinase, by insulin, while four gluconeogenic enzymes,
F-6-Pase, FDPase, PEP carboxykinase and pyru
vate carboxylase, were suppressed at the same time.
Glucocorticoid induced the four gluconeogenic en
zymes but not the three glycolytic enzymes. So
the two sets of opposing enzymes may be controlled
by two separate sets of genic units. The model they
propose is of great value for the understanding of
glucose metabolism.

In the session on 'Enzyme regulation and cancer',
Weber and Lea reported a decrease in the synthesis
of carbohydrates and lipids and of degradation of
proteins and nucleic acids as the hepatoma en
larged which may be due to alterations in key, rate
limiting enzymes. They compare these changes
with those of normal and regenerating liver with an
interesting model. Boxer and Shonk found a de
crease in glycerol dehydrogenase and FDPase in
human and rodent hepatomas. Hepp, Priisse,
Weiss and Wieland reported a lower level of acetate
thiokinase in tumour tissues which may account for
the higher acetate levels seen in these tissues.

Kuntzman, Welch and Conney in the session on
, Enzyme induction' reported that steroid hydroxy
lases of liver microsomes were affected bv insecti
cides. Ville, Leusden and Zelewski showed that the
synthesis of sterols in thc placenta was different
from that of other tissues. Inhibition of vitamin K
induced prothrombin synthesis by actinomycin was
reported by Olson. This was attributed indirectly
to the action of vitamin K at the genetic level
through allosteric binding with a regulator mole
cule. More work should be done on this interesting
hypothesis.

In the section on 'Metabolic regulation " Peraino,
Lamar and Pitot reported that glycogen, when
deposited, gets associated with endoplasmic reti
culum which is devoid of ribosomes. Such changes
in the membrane may be of regulatory significance
in carbohydrate metabolism. Struck, Ashmore and
Wieland showed that oxidation of fatty acids in
mitochondria may be responsible for the supply of
NADH2 for the reduction of oxaloacetate to malate
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which is then transported to cytoplasm for the
synthesis of glucose. Herrara, Kamm, H.uderman
and Cahill showed modulation of glycogenolysis and
gluconeogenesis by altering the levels of glucose in
the perfusate of rat liver.

The session on 'Mechanism of adaptatiqn at
enzyme level' included the work of Gibson, Hicks
and AHmann who described an increase in Aceh'l
CoA carboxvlase and fatty acid sYnthetase in t'he
liver of starved, fat-free 'rats on' refeeding. This
induction was inhibited .by actinomycin and puro
mycin. Potter, Gebert and Pitot showed that the
levels of several enzymes undergo cyclic altNa
tions in a manner different from normal rats fed
a.d lib. Ville's work showed an increased utiliza
tion of progesterone and decreased activity of 3~

hydroxy-steroid dehydrogenase isomerase in organ
culture.

In the session on ' Regulation and isozymes', Knox
showed that tryptophan pyrrolase accumulates in
the liver of hydroxycortisone treated rats as an
inactive enzyme. Very low concentrations of
tryptophan activated the apoenzyme both in "/"0
and in vitro. Schwartz and Nisselbaum showed
that the cationic component of aspartate amino
transferase in the serum is associated with neoplastic
disease. Katunuma, Okada and Nishi described
the presence of a new metabolic pathway of NADH 2
and NADpH 2 to nicotinamide in mitochondria.
This pathway was accelerated by ammonium ion.

The special lecture by Sir Hans Krebs is of special
interest. He describes an increase in ketone bodies
during starvation due to ' calorigenic homeostasis'.
In severe ketosis, gluconeogenesis is stimulated
since oxaloacetate, an intermediate of gluconeo
genesis, is diverted to citric acid cycle due to an
increase in the activity of PEP carboxykinase.

The volume would have been more complete if the
paper of J. Changeux of Pastenr Institut, who was
present, could be included. Otherwis(', the papers
published in this volume provide a wealth of
information on the regulation of enzymes of dif
ferent metabolic pathways. The information content
and the synthetic approach of several authors will
be of great use to general biochemists, those inter
ested in enzyme regulation and the cancer specia-

168

lists. The publishers have done :1I,1 excellent job
in the get-up of the volume.

M. S. KANUXGO

PUBLICATIONS RECEIVED

THE STRUCTURE AXD STRENGTH OF :METALS by A. H.
Bailey (1I1etallurgical Services Laboratories Ltd,
Betchworth, UK), 1967. I'p. yiii+122. Price 32.<.

LIPIDS AND LIPIDOSES, edited by G. Schettlpr
(Springer-Verlag, Berlin-West), '1967. Pp. xi"
+622. Price $ 30.00

CARTESIAN TEI'SORS by Nils O. ~I~'kl(>stad (D. Yan
Kostrand Co. Inc., Princeton), 1967. Pp. xiii
+141. Price $ 3.95 '

HEAVY ORGAl\IC CHEMICALS b~' A. J. Gait (Pergamon
Press Ltd, Oxford), 1967. I'p. xvii+249.
Price 35s. or $ 6.00

SOURCE BOOK ON ATOMIC ENEHGY by Samuel Gla,s
tone (D. Van Nostrand Co. Inc., I;rinceton), 1967.
Pp. vii+883. Price $ 9.25

FOOD FLAVOHlNGS - COMPOSITIOl\, MANUF.\CTURE
AND USE by Joseph Merory (Tl1l.' AVI Publi,hing
Co. Inc., Westpost, USA), 1968. Pp. ix+478.
Price S 10.00

CHEMISTRY IN THE UTILIZATION OF WOOD b,'
R H. Farmer (Pergamon Press Ltd, Oxfonlj,
1967. I'p. viii+193. Price $ 6.00 or 35s.

REINFOHCED (OI\CRETE DESIGN HANDBOOK bv C.
Chandra & R. Naravanan (Toda~' & Tomo;row
Book Agency, New Delhi), 1967.. Pp. xv+171.
Price Rs 17.50

THE Pl.ANETARWM ANDATMOSPHORllTM-AN INDOOH
UNIVERSE by O. Richard Norton (Naturegraph
Publishers, Healdsburg, California, USA). 1968.
Pp. viii+176. Price $ 2.75

PERFUMERY AND FLAVORING SYNTHESIS by Paul Z.
Bedoukian (Elsevier Publishing Co., Amsterdam),
1967. Pp. xiii+395

HIGH ENERGY PHYSICS: Vol. II, by E. H. S. Burhop
(Academic Press Inc., New York), 1967. Pp. xi
+483. Price $ 24.00 or 192s.

THERMAL PERFORMANCE OF BlJILDINGS by J. F.
van Straaten (Elsevier Publishing Co., Amster
dam), 1967. Pp. xiii+311

PETROLEUM MICROBIOLOGY by J. B. Davis (Elsevier
Publishing Co., Amsterdam), 1967. Pp. xiv+664



A new scale of optical
radiations

A new scale of optical radiation
has been developed in terms of
which sources can be calibrated for
radiant intensity and detectors for
radiant sensitivity. The scale is
based on the type of absolute
detector in which a blackened
receiver is heated alternately by
absorption of the radiation to be
measured and by a built-in electri
cal element. The electrical power
is adjusted until no variation in the
receiver temperature is observahle
on changing from one form of heat
ing to the other. The irradiapce
E at the limiting aperture of the
detector is then given by

E = P/Aa.
where P is the electrical power
input at balance; A, the area of the
limiting aperture; and a., the ab
sorption of the receiver.

The advantage of this method
is that the parameters involved,
e.g. electrical power and area or
length, are much more accurate
than the usual radiation para
meters. The scale is accurate to
within ±0·2 per cent [Aust. j.
Phys., 20 (1967), 567].

A novel semiconductor switch

A new light-sensitive solid state
diode which operates as a light
activated switch has been de
veloped. The schematic structure
of the GaAs p-n-i-n diode, with four
differently doped regions, is shown
in Fig. 1. The semi-insulating
i-region is compensated GaAs, pre
pared by diffusing Cu, Fe, or Cr
into low-doped n-GaAs.

~
o· 2mm.

~_ ;::r~:!..m.

i ~~5mm.
n+ -

Fig. 1 - Schematic structure of the
p·n-;·n GaAs diode

The electrical and optical pro
perties of the diode as well as its
switching behaviour have been
tested. It exhibits a current-con
trolled negative resistance region
with ratio of off- to on-resistance
of the order of 106. The turn-on
voltage is between 10 and 200 V.
and the turn-on time, with sufficient

NOTES
overvoltage, can be even 10 nsec.
At higher currents the light Emis
sion at the p-n junction causes
photoconduction in the i-region
which is enhanced by the trapping
of holes at acceptor levels. In the
low resistance mode all the traps
are filled and remain that way
because of the high efficiency of
light emission from the junction
at the high currents [j. appl. Phys.,
38 (1967), 111J.

Determination of fluoride

Despite the numerous procedures
described in the literature, the
estimation of fluoride, specially
in the presence of interfering ions,
is very difficult. Two methods,
based on the thermometric titra
tion and potentiometric titra
tion, have been developed, which
open up some possibilities for
handling certain situations more
expeditiously. For example, the
thermometric titration is less time
consuming if fluoride retarding
elements like boron and aluminium
are present and avoids interference
due to sulphate, phosphate, borate
and silicate.

Thermometric titration is quite
-useful for observing the course of
metal-fluoride reactions, especially
the endothermic reactions. The
titration curve is also useful in
inferring various phenomena like
delayed precipitation, complex
formation, etc. A number of
cations have been found to react
favourably with fluoride and useful
as titrants in aqueous and/or alco
holic media. The four cations
thorium, cerium(III), calcium and
aluminium have been found to
characterize most of the types of
behaviour observed.

The titration has been carried
out by adding 0·1-0'5 ml./min.
of the titrant (0'2-l-OM) to 50 ml.
of the test solution at controlled
pH. Temperature is indicated
by a 10,000-ohm thermistor in
a modified Wheatstone bridge
circuit.

Of the four selected titrants,
thorium with the best temperature
sensitivity and also least tolerance
to the presence of other ions, gives

& NEWS
the sharpest breaks at a pH of
about 2·5. Cerium has the poorest
temperature sensitivity but greater
tolerance for most anions. Cerium
has almost equal precision over
the pH range 2-5, with least
interference from borate and phos
phate at higher pH. Aluminium,
which gives better results in non
aqueous medium, has high tole
rance for sulphate and phosphate
and gives relatively smaller rela
tive errors in the presence of
borate and silicate. Calcium has a
high tolerance for borate and can
be used in the presence of con
siderable amounts of silicate and
phosphate (after treatment with
zinc acetate and not removing
the zinc phosphate-silicate pre
cipitate).

In the potentiometric method
described, tetraphenylantimony
sulphate has been used as an
extractive titrant for fluoride.
Fluoride has been extracted from
an aqueous sample into chloro
form as tetraphenylantimony fluo
ride. The fluoride ion activity
in the aqueous phase is measured
with a fluoride sensitive electrode.
From the Sigmoid potentiometric
titration curves obtained, the
amount of fluoride is estimated.

Equal initial volumes of aqueous
phase (PH 4-5) and extractant
have been used. Thirty seconds
of intimate phase contact by
stirring and 15 sec. for phase
separation are required between
additions of titrant. Phosphate,
sulphate, arsenate and arsenite
do not interfere. Other multi
charged anions do not react with
the titrant and can be expected
not to interfere. The singly
charged anions are also extracted
by the titrant but can be removed
by simple procedures [Analyt.
Chem., 39 (1967), 1771, 1776J.

Soviet Physics-Semiconductors

The American Institute of Phy
sics is publishing the English trans
lations of this Russian journal.
The publication year is July 1967
June 1968. Translations would
appear about six months after the
Russian original. The price of
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Vol. 1 (translation of the July 1967
Russian originals) and Vol. 2
(translation of the 1968 Russian
originals) is S 70 in USA and
$ 74 abroad for each volume.

Weizman Institute of Science

The annual report of the Weiz
man Institute of Science, Reho
voth, Israel, for the year 1966
records the scientific activities and
achievements of the Institute.

Applied mathematics - The
Department has completed the
construction of the second GOLEM
computer; by the end of the year
three computers, two GOLEMs
and a CDC 1604, were put to use.
Work on the theory of ocean
tides was continued using both
numerical and analytical methods.
It was found feasible to work out
a solution for the tides in a model
of the world oceans using computa
tional grid of only one degree
involving the solution of 170,000
simultaneous complex equations.
Measurement of seismic noise was
carried out with a view to locating
a seismically quiet site for the
geophysical observatory of the
Weizman Institute.

Biochemistry - The work carried
out in this Department is concerned
mainly .with (i) the elucidation of
biochemical reactions involved in
photosynthesis, (ii) mechanism of
protein and nucleic acid synthesis,
and (iii) interrelationship between
algae and bacteria and the bac
terial degradation of polysac
charides.

The existence of Emerson en
hancement effect during NADP
(nicotinamide adenine dinucleotide
phosphate) photoreduction has been
confirmed in isolated chloroplasts;
the extent of enhancement, within
certain limits, is a direct function
of the ratio of reduction rates
induced by the two monochromatic
lights by themselves. Little or no
enhancement is found during ferri
cyanide photoreduction, suggesting
that ferricyanide photoreduction,
in contrast to NADP photoreduc
tion, is activated mostly, if not
exclusively, by photosystem II.
Studies with ribonuclease-l indi
cated that the binding of ribo
nuclease-I by ribosomes is more
stable to high salt concentrations
when the enzyme and the ribo
somes come from the some species
than when they are from different
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species, suggesting that there might
be a selective advantage in preserv
ing this affinity during evolutionary
change.

Biodynamics - Work on the
mechanism of nidation was con
tinued. Shelesnyak's hypothesis of
the mechanism of nidation (in rat)
has been improved to consider
the process synonymous with pro
gestation involving a sequence of
phases, viz. (i) priming, corres
ponding to the time of ovulation
and mating including semen-uterine
interactions, ovum fertilization and
tubal transport of fertilized ovum
through the fallopian tube;
(ii) sensitization, occurring over the
period beginning with mating and
ending with the time of blastocyst
entrance into uterine lumen;
(iii) stimulation, induction of sensi
tized endometrium to decidualize;
(iv) decidualization, proliferation
and differentiation of endometrial
tissue into decidual tissue forming
the nidus; and (v) blastocyst
attachment or implantation, the
final stage of nidation. The experi
mental approach to this study
involves designed and controlled
alterations of selected conditions
of various components of blasto
cyst-uterine system during different
phases of progestation.

Studies on the relation of hista
mine release to oestrogen action
in the pregnant rat indicated
that histamine release in uterus
does not appear to be an obliga
tory response to oestrogen action
and is independent of oestrogen
action in the pregnant rat uterus;
both oestrogen and histamine,
acting in sequence, are essential
for decidualization and nidation.
Investigations on the origin of
eosinophilic granulocytes in the
rat indicated that they appear
periodically in the uterus of rat
in certain physiological states (e.g.
estrus of normal cycle) originating
from haematopoietic sites in bone
marrow and are not produced
locally from cells within the uterus
itself. A rapid method for the
isolation of ova from uteri of rats
by flushing the uterus with the
medium and collecting the ova in
the rinse fluid per vaginam has
been evolved. Another method
was evolved for the quantitative
estimation of urinary androsterone,
aetiocholanolone and dehydro
epiandrosterone, employing en
zymatic hydrolysis for glycuronide

conjugates, solvolysis for sulphate
esters, ascending thin-layer chro
matography, elution and spectro
photometric quantitation of eluted
steroids as Zimmermann chromo
gens.

Other projects undertaken in
clude immunological studies of
human gonadotropins, mechanism
of drug interference with nidation
and insulin blockade as a tool in
endocrine physiology.

Biological ultrastructure - Inves
tigations on red blood cells, the
ideal systems for the study of
maturation and ageing of mamma
lian cells, have been continued.
Red cell differentiation and nuclear
expulsion in erythroid clones grown
in spleen of irradiated mice have
been studied employing optical
and electron microscopy. Matura
tion' of reticulocyte and the
decline in their capacity for pro
tein synthesis have been studied
both biochemically and with elec
tron microscope. Experimentally
induced deterioration of red cells
in vivo and in vitro is directed
towards elucidating the mechanism
by which red cells are sequestered
in senescence and in post-traumatic
and other anaemias.

Human erythrocytes have been
separated into age groups depend
ing on thcir specific gravity using
the two-phase ccntrifugation tech
nique, and their enzyme activity
assessed. Decline in enzyme acti
vity as a function of red cell age
is found to be similar for all en
zymes except hexokinase, which is
relatively low even in young red
cells. The other studies under
taken in this Department include
influence of oxygen toxicity on
the rate of red cell ageing and
polyphenols in the preventive treat
ment of post-traumatic anaemia.

Biophysics - Proteins and syn
thetic polypeptides as well as
other polymers of biological and
tcchnological importance continued
to be the main subjects of study
in the Department. Anticoagulant
properties of heparin-like acid
mucopolysaccharide isolated from
rat kidneys were compared with
those of standard heparin prepara
tion. Both materials showed anti
thrombin activity and inhibition
of thrombin formation, supporting
the results of chemical characteriza
tion of rat kidney mucopolysac
charides. The role of solvation in
stabilizing the poly-L-proline II
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FORTHCOMING INTERNATIONAL CONFERENCES, 1968

1969. Details regarding the sym
posium can be had from Dr H.
Moroson, Sloan-Kettering Insti
tute for Cancer Research. Donald
S. Walker Laboratory. 145 Boston
PostiRoad, Rye, NY. USA or Dr M.
Quintiliani, Istituto Superiore di
Sanita. 299 Viale Regina Elena,
Roma 00161, Italy.

High-speed Photography, Box 23,
Stockholm 80. Sweden.

• The Second International Sympo
sium on Radiosensitizing and Radio
protective Drugs will be held in
Rome under the auspices of the
European Society for Biochemical
Pharmacology, during 6-8 May
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Moscow
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Adelaide
New York

Freudenstadt.
W. Germany

Toronto
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Leoben.
Austria
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Poitiers,
France

Detroit
Paris

Paris

Paris
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Paris

Conference

International Congress on Research in Photo·
synthesis

Canadian Nuclear Association, International
Conference and Exhihition

International Congress of the Federation
of Associations of Textile Chemists and
Colourists

International Communications Conference
Fourth International Materials Symposium

(Structure and Chemistry of Solid Surfaces)
International Council of Scientific Unions
General Assembly

Fifth International Light Metals Congress

Eighth International Congress on Tropical
Medicine and Malaria

Eighth International Congress on High.speed
Photography

Fourth International Congress on Catalysis
Sixth International Plansee Seminar on High
Temperature Materials

International Symposium on Gas Chromato-
graphy

International Congress on Endocrinology
Eighth International Congress on Glass
Eighth International Congress on Gastro·
enterology

Fifth International Symposium on the
Chemistry of Natural Products

Eleventh International Congress on Photo
grammetry

International Conference on Large Electric
Systems

Twelfth International Symposium on Com·
bustion

International Congress on Vehicle Mechanics
International Congress on Animal Reproduc
tion and Artificial Insemination

International Conference on the Electron
Capture and the Higher Order Processes in
Nuclear Decays

Second International Symposium on Pharma
ceutical Chemistry

Second International Symposium on the
Chemistry of Argonic Silicon Compounds

International Congress on Entomology
Fourth Congress of the International Federa.
tion for Information Processing

Ninth International Congress on Soil Science
Third International Congress on Histo
chemistry and Cytochemistry

Congress of the International Mineralogical
Association

Twelfth International Congress on Genetics
International Geological Congress

Date

July

July

2·9 Aug.
5·10 Aug.

6·16 Aug.
16-23 Aug.

19-28 Aug.

19-28 Aug.
19-28 Aug.

12-14 June
17-21 June

17-30 June

18-22 June

Summer (late)

23-29 June

23-29 June
24-28 June

25-28 June

30 June-5 July
1-5 July
7-13 July

8-13 July

8·20 July

10-20 July

14-20 July

15-19 July
22·25 July

July

4-8 June

9-13 June

12-14 June

• The Eighth International Con
gress on High-speed Photography
will be held at Stockholm during
23-29 June 1968. The congress
would review and explore the
recent advances made in high
speed photography and, among
others, topics like the use of laser
as a light source and holographic
imaging with reconstructed wave
fronts would be discussed. Further
details regarding the congress may
be obtained from the Secretariat,
8th International Congress on

Seminar on analysis

A Seminar in Mathematical Ana
lysis was held at the Institute of
Mathematical Sciences, Madras,
from 20 December 1967 to 6
January 1968. with Profs. W. H. J.
Fuchs of Cornell University. L. A.
Rubel of the Institute for Advanced
Study. University of Illinois. and
K. R. Unni of the Institute of
Mathematical Sciences. Madras, as
the principal lecturers. The semi
nar was inaugurated by Shri V. R.
Nedunchezhian, Chairman of the
Boardof Governors of the Institute.

Prof. Fuchs's lecture was on
• Meromorphic functions of lower
order less than one', Prof. Rubel's
on the' Vector space of analytic
functions', and Prof. Unni's on
the 'Bernstein's approximation
problem '.

More than 50 participants from
all parts of the country attended
the seminar which was the first
of its kind in India. The seminar
was supported by a special grant
from the Department of Atomic
Energy, Government of India.

Announcements

reduce mitotic division and pro
gressively reduce the rate of nuclear
and nucleolar RNA synthesis of
interphase cells. Breeding work
on wheat. barley. castor bean,
melons and cucumbers has been
continued. The other projects
undertaken include studies on
drought resistance in field crops
and experimental morphogenesis
of sex organs and other plant
organs.
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New Publications

FISH & FISHERIES
Supplement to the Wealth of India - Raw Materials: Vol. IV

This well-illustrated supplement provides information in an easy-to-grasp form on: (i) zoological

names of 376 fishes of economic value, found in Indian water, along with their English names; (ii) dEs

cription and distribution of the fishes; (iii) coastal, deep sea and fresh water fisheries; (iv) ingenious

devices for catching and preserving fish; (v) fisheries in various States; (vi) manufacture of

fish oil and manure; (vii) analytical values of fish-foods and their byproducts; and (viii) marketing

practices and data concerning fish trade. An annotated bibliography of 220 referencEs and an
exhaustive index are provided.

Pal1es iv+132 Deroy 4to, 11 plates. includinl1 2 coloured plates; 55 text fil1ures

PRICE Rs 10.50

*

THE MILLIPEDE-THYROPYGUS
CSIR Zoological Memoir No. 1

by

DR G. KRISHNAN

Director. Zoolol1ical Research Laboratory, Madras University

This well-illustrated memoir provides information on 10 species of Thyropygus. T. posddon

Attems is described in detail, the account covering the following aspects: (i) external features;

(ii) integument; (iii) skeleto-muscutar system; (iv) alimentary carial; (v) blood-vascular system;

(vi) excretory organs; (vii) fat body; (viii) repugnatorial glands; (ix) nervous system; (x) sense

organs; (xi) n~uro-secretory system; (xii) r~productive system; (xiii) larval development;

(xiv) water relations; (xv) habit and habitat; and (xvi) affinities. The memoir includes a selected

annot.ated bibliography and an exhaustive index. Instructions for practical work are given,

which make the publication more useful for students.

PRICE Rs 12.00 Royal 8vo; 44 text fil1ures

Copies available from

SALES & DISTRIBUTION SECTION

PUBLICATIONS & INFORMATION DIRECTORATE, CSIR

HILLSIDE ROAD, NEW DELHI 12
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Palkhiwala Building, 24 First Dhobi Talao Lane
BOMBAY 2

For your needs in
Scientific and Laboratory Instruments,

Apparatus and Appliances
• PHOTOELECTRIC COLORIHETERS. RESEARCH MICRO
SCOPES. pH HETERS. 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

SCIENTIFIC SALES SYNDICATE

Telegram: CENTROFIXTelephone: 29160

invitation

Dr Brune Lange

PHOTOELECTRIC

NEPHETOMETER

Telegram: • MODERNCO~! .

Please Contact

Available from Ready Stock

MODERN SCIENTIFIC INSTRUMENT Co.

'MODERN' Brand Laboratory Instruments such
as Ovens, Incubators, Water Baths, Water Stills,
Heating Mantles, Furnaces, Temperature Control
Units, Kjeldahl Assemblies, Micro-Kjeldahl Di~es
tion Units, Melting, Point Apparatus, Stirrers,

Cork Borin~ l\'lachines, etc.

48.-\/48B SADASHIV CROSS LANE
BOMBAY 4

• Balances & Wei~ht Boxes: BOSCH. Calori
meters: HELLIGE-DUBOSCQ (Visual) • Incuba
tor & Oven Combined: MEMMERT • Binocular
Research Microscopes: AUGUST-GERMAN
• Microtomes Rotary & Minot: ERMA-JAPAN
• pH ~Ieters: BECKMAN Mollel H2 & PHOTO·
VOLT Model 85 • Test Sieves: ENDECOTT'S
B.S.S. & A.S.T.:\1.• Laboratory Glassware:
PYREX, WESTGLASS, CORNING, etc.• Filter

Papers: WHATMAN & GER:VIAN

Also Silicaware alld Silltered Glassware

AND
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i. I . l. I , I. I, I. I, " I, LII l. I, \, I, I. II I
c§j(dANTA14 15 Z6 27 28 21 30 }I )Z

· · STRIP RECORDING· ·· ·- · CHARTS·· ,. Jr, "t " ~':I fIt .. ., .. -
11~'.I.\~1 ~ I~· < ~ lei

··-· .. ~:.<. ;;. [~
-· 10 1t lC. .t. ~(, too '0 " .. ·· Please cOl/tact :-

· ·· · CHHENNA CORPN- ·· ·- ' •. "
,. .. ~tl eo o. .. .. .· P.O, Box 1728

- · 7/23, OAHYA GUN), OELHI·6·- ·

S. H. KELKAR & CO. (PRIVATE) LTD.
Registered Office:

DEVAKARAN MANSION, 36 MANGALDAS ROAD, BOMBAY 2 (BR)'

lVorlis:

BOMBAY AGRA ROAD, MULUND, BOMBAY 80 (NB)

Cram: . SACHEWORKS', BOM8AY·DADAR

Manufaeturers 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 ABOV.E ADDRESS
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JOURNAL OF THE

INDIAN INSTITUTE OF SCIENCE

A quarterly, containing papers on original research

carried out in the laboratories of

the Indian Institute of Science. Bangalore 12

SUBSCRIPTION

(Post Free)

Country

India

U.K.
U.S.A.

Other countries

Annual

Rs. 24

£2/5
$ 6.50

Equivalent of
Rs. 30

Indian currency

6t per cent discount to Agents

Single Issue

Rs. 7

Sh. 14

S 2.00

Equivalent of
Rs. 8

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

Bangalore 12

All communications should be addressed to:

THE ASSOCIATE EDITOR

JOURNAL OF THE INDIAN INSTITUTE OF SCIENCE

BANGALORE 12, INDIA
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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

Copies available from

Price Rs 23.00, Sh. 46, $ 8.00

Sales & Distribution Section
Publications & Information Directorate, CSIR

Hillside Road, New Delhi 12

• OPTICAL
INSTRUMENTS

microscopes
students' • laboratory
research. metallurgical
dissecting. travelling

rnIcroscope
allachments

spectrometer

telescope

GHARPURE Be CO.
'·36 India Exchange Place Extension, Calculla.l

Gram: MEENAMO • Phone: 22·2061

ISIR-APRIL 1968

Read

and

Advertise

in

a CSIR

Monthly
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REICHERT Om U 2
The new Ultra Microtome after Sitte
" ,,; '" I

I

81 M'PLE-ACCU RATE-CONVEN 1ENT
The product of many years experience and intensive research.
Represents the latest development in lhe field of ultra Thin
Sectioning. Meets fully loday's requirements.

Sold and Serviced in India by:
Exclusive Agents and Distributors

NEO-PHARMA INSTRUMENTS CORPORATION
Kasluri Bldgs., J. Tala Road, Bombay-1.

Technical Service Offices: Bombay. Calcutta· Deihi • Madras
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Available Ex-stock

• MEMMERT OVEN MODEL TV IOU

• METROHM pH-METER

• GERMAN ANALYTICAL BALANCES

• OTHER LABORATORY GLASSWARE AND
EQUIPMENT

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 Be CERAMIC RESEARCH INSTITUTE

JADAVPUR, CALCUTTA 32, INDIA
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CURRENT SCIENCE
(Established '931)

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 24

Full page I Rs 100

ANNUAL SUBSCRIPTION

Foreign: Rs 60; £ 3.00; $ 8.00

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

ZOOLOGICAL SOCIETY OF INDIA
ESTD. 1939

(Registered under Societies Registration Act 21 of 1861)

Membership Subscription: Rs. 15i- per year with Journal, Rs. 10/- without Journal
Admission Fee Rs. 10/-

PUBLICATIONS

The Journal of the Zoolo~ical Society of India - Started 1949; published bi-annually.
Annual Subscription: Inland Rs. 301-; Foreign Rs. 32/-
A few back numbers are available subject to prior sale. Selected advertisements accepted.

Bulletin: Nos. 1 & 2. Year Book: Started since 1956-57

Proceedln~s of the First and Second All India Congress of Zoology - Rs. 80 (Inland);
Rs.83 (Foreign) each

Indian Zoolo~ical Memoirs on Indian Animal Types - initiated by late Prof. K. N. Bahl

Other' publications available: Reprints of a few papers of the Indian Helminthologist, the late
Dr. G. D. Bhalerao; Indian Journal of Helminthology (started since 1949); and Prof. Thapar's
60th Birthday Commemoration Volume

All orders, remittances and communications regarding above should be addressed to
Dr. B. S. Chauhan, Honorary Treasurer, Zoological Society of India, 34 Chlttaranjan
Avenue, Calcutta 12
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PUBLICATIONS & INFORMATION DIRECTORATE, CSIR

PUBLICATIONS

ENCYCLOPAEDIA

Wealth of India: Raw Materials

Vol. III (D to E)
Vol. IV (F to G)
Vol. V (H to K)
Vol. VI (L to M)
Vol. VII (N-Pe)

Wealth of India: Industrial Products

Part III (D to E)
Part IV (F to H)
Part V (I to L)
Part VI (M-Pi)

BOOKS & MONOGRAPHS

Aquatic Angiosperms -.\ "Ionograph by K. SUBRAMANYAM
Coir: Its Extraction, Properties and Uses
Flora of Delhi by J. K. MAHESHWARI
Glo.sary of Indian Medicinal Plants by I~. N. CHOPRA, S. 1. NAYAR &

I. C. CHOPRA
Indian ScientifIc and Technical Publications - A Bibliography
Indian Essential Oils - A I~eview by A. K. MENON
~larsilea - A Monograph by K. M. GUPTA
Kinetics of Electrode Processes and Null Points of Metals

by 1. I. ANTROPOV
Problems relating to the Development of Internal Combustion Engine in

India
E,';"ntial Oils and Aromatic Chemicals
Cdlulose l{esearch: Vol. I
Cellulose l{esearch: Vol. II
Antibiotics - Their Production, Utilization and Mode of Action
Chemical Process Design - A Symposium
International Geophysical Year: Vol. I - Symposium Proceedings
International Geophysical Year: Vol. II - Symposium Proceedings
Plant Embryology - A Symposium
Low Temperature Carbonization of Non-caking Coals and Lignites and

Briquetting of Coal Fines-A Symposium: Vols. I and II each
Nucleic Acids
Patent~d Inventions of CSIR (1940 to 1964)
Recent Advances in Polymers by H. F. MAHK
Drug Addiction: with Special Reference to India, by R. N. CHOPRA &

I. C. CnoPRA
Indian Scientific and Technical Publications (A Bibliography, 1960-65)
Illustrations to the Flora of Delhi by J. K. MAHESHWAnI
Fluidiza tion and Related Processes - A Symposium
Indian Fossil Pteridophytes: A Monograph by K. R. SURANGE
CI\S Drugs - A Symposium

Can be had from

Rs 22.00 ShH $ 6.60
Rs 25.00 Sh 50 $ 7.50
Rs 30.00 Sh 60 $ 9.00
Rs 40.00 Sh 80 S 12.00
Rs 30.00 Sh 60 $ 9.00

Rs 25.00 Sh 50 $ 7.50
Rs 25.00 Sh 50 $ 7.50
Hs 30.00 Sh 60 $ 9.00
Rs 28.00 Sh 56 S 8.00

Rs 20.00 Sh 40 $ 6.00
Rs 6.00 Sh 12 $ 1.75
l{s 28.00 Sh 56 $ 8.00
Rs 8.00 Sh 16 $ 2.50

Rs 25.00 Sh 50 S 7.50
Rs 7.00 Sh 14 $ 2.00
l{s 16.00 Sh 33 $ 5.00
Rs 5.00 Sh 10 S 1.50

I{s 12.00 Sh 24 S 3.50

Rs 10.00 Sh 20 $ 3.00
I{s 6.00 Sh 12 $ 1.75
Rs 12.00 Sh 24 $ 3.50
I~s 15.00 Sh 30 $ 4.50
Rs 18.00 Sh 36 $ 6.00
Rs 18.00 Sh 36 $ 6.00
Rs 18.00 Sh 36 $ 6.00
Rs 20.00 Sh 40 $ 6.50
Rs 35.00 Sh 70 $ 11.00

Rs 20.00 Sh 40 $ 6.00
I(s 16.00 Sh 33 $ 5.00
Rs 2.50 Sh 5 $ 0.75
Rs 12.00 Sh 24 S 3.50

Rs 18.00 Sh 36 S 6.00
Rs 28.00 Sh 56 $ 8.00
Rs 24.00 Sh 48 $ 8.00
Rs 23.00 Sh 46 S 8.00
Rs 33.00 Sh 66 S 10.00
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Bausch & Lomb
Spectronic 600E Spectrophotometer

Today there are enough good (louble beam U\' Visillie Spectrophotometer:; to 111:1ke a
choice difficult until you see the Spectronic 600E.

With two 1200 grooves/mm. Gratings in series, you can take performance for gr:mted.
\iVavelength accuracy and bandpass are 0.5 nm. over the entire range ... stray
light is less than 0.5 per cent.

And when you discover the low price, the choice becomes obvious.

Accessories Available

• CONSTANT TEMPERATURE CELL

• MICRO CELLS

• FLAME ATTACHMENT

• U-V REFLECTANCE ATTACHMENT

• FLUORESCENCE ACCESSORY

• V.O.M; RECORDERS

• DT-20 DIGITAL READOUT

• REFLECTANCE ATTACHMENT

• PHOTOMULTIPLIERS

For filII information, piC/IS" write for illustrated c/lt,tlol;lI<' '"
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