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PACKARDHEWLETT ~
741A AC-DC Differential Voltmeter/DC Standard

" ~W1fP JK>Ofl 7.U. AC DIFFER9lTIAL .E~ PROVES~ HP TEST oSou.AT~ e.,; STABLe: ~T 100 "C ~ ,.
~.~.~._.. '.~', > ,'" ......'IlI- 0lM.,••.~"" _.... ""'~;:,..,,__.~

USES

Measure high AC voltage without draw;
ing high reactive currents

Measure regulation and stability of in­
verters and AC power supplies

Measure AC voltaces in circuits where
capacitance loadinc is critical

Measure hiCh accuracy AC Serve Volt­
ages

•
Precision transducer measurements

Precision attenuation measurements

Power supply regulation and stability
measurements

•
Calibrate digital voltmeters

DC standard for transfer measurements

High voltage DC standard source

The Model 741 A. AC·DC Differential Voltmeter/DC Standard is a precision :!~0'03% standard that pro­
vides a DC standard source. an AC and DC differential voltmeter, a high impedance AC and DC electronic
voltmeter and a voltage amplifier. Used as a DC standard, the 74IA provides adjustable DC voltages with
6 digit resolution which simplifies the calibration of digital voltmeters. The 0 to 1000 vclt DC differential
voltmeter offers a high input impedance off null which makes the 74IA ideal for drift measurements
when null conditions cannot be maintained. The 0 to 1000 volt AC differential voltmeter offers excep­
tionally low input capacity which makes the 74IA ideal for AC circuit measurements where capacitance
loading is critical. Extra features such as taut band meter. pushbutton range selection, overload indi­
cator and recorder output terminals make the instruments easier to use.

SPECIFICATIONS
AC DIFFERENTIAL VOLTMETER

Input voltage ranges
Accuracy

MIGH IM'EDANCE AC VOLTMETER

Input voltage ranges
Accuracy

DC DIFFERENTIAL VOLTMETER

Input voltage ranges
Accuracy

DC STANDARD

Ranges
Accuracy

I. 10. 100, 1000 volts end scale. with null ranges end scale I mv to 1000 volts
:i:: (0.1 %-t 0.01"" end scale) from 50 cps to 50 kc; 0.1 volt to 1000 volts AC

I mv to 1000 V AC end scale
±2"~ from 20 cps to 100 kc, 50 mv to 1000 V

I V to 1000 Vend scale, with null ranges end scale I mv to 1000 V
±0.03"I.. of reacing from 0 to 1000 V DC, -j 10 (LV

0-1 V. 0-10 V. 0-100 V, 0-1000 V contin"ously, adjustable on all ranges (6 d.igit resolution)
±0.03~" of indicated setting

For other details. please write to: ,
SOLE DISTRIBUTORS ,':-

THE SCIENTIFIC INSTRUMENT COMP1JJ4'f LIMITED ~f slCO
ALLAHABAD BOMBAY CALCUTTA o' "'A~R~:i ,1I6W-.fIELHI ."<:i~"""'''''''',..J~

Head Office: 6 Tej Bahadur Sap~~' Road:. Aiia~~b~d' ,911-'98
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ERRATUM

Article entitled "Symposium on the Chemistry of Natural Products", 24 (No.7) (1965),
pp. 348-52: Page 349, correct structures of thll compounds (IV) and (VI) are given below.

HO

IV Y1
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MADHYA PRADESH IN THE SERVICE OF DEFENCE

.~ Our Special Model EESIB
a>

<t>e. - is theiii
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~
@l first ever
~
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i5~O~

OSCILLOSCOPE..- _..
() ~- ~
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~
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Our Other Prestige Products:

* DOUBLE BEAM OSCILLOSCOPE

* SERVO OSCILLOSCOPE

* CARDIOSCOPE
* PULSE GENERATOR, ETC.

manufactured by

S. & I. INSTRUMENTS CO.
Bj14 Industrial Estate, Pologround

INDORE 3 (M.P.)

Sole Selling Agents:

TOSHNIWAL BROTHERS PRIVATE LIMITED
198 JAMSHEDJI TATA ROAD, BOMBAY 1
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\ \
? A POTENT ANTISPASMODIC ~

~ ~\ for oral administration \
\ \
\ \
\ \

~ PYRAPEN ~

~\~ I' A combination of a potent antispasmodic (a piperidinomethyl-pyrazolone compound)
and an effective antacid (magnesium aluminium silicate).

~ ~
1 PYRAPEN is the newest and least toxic member of the group of anti- \
~ ~\ spasmodics and clinical reports are most encouraging. )
\ \\! CHARACTERISTICS !

• Possesses both neurotropic and musculotropic antispasmodic action. )
\ \
~ • Relieves spasmodic conditions of the gastro-intestinal tract, due to gastric ~
1 and duodenal ulcer, hyperacidity, hypermotility of the stomach and intestine, [
? l) gastritis associated with increased secretion, motility, pyloro-spasm irrespective )
\ of peptic ulcer, intestinal colic, lead colic, etc. ~
\ \
~ • Acts by local concentration on account of low systemic absorption. ~

\ • The combination with Magnesium Aluminium Silicate offers special advantage \

\~ ?\in that the pH of the gastric juice is maintained within effective limits and )
\ there is no interference with gastric digestion. \

\ \
) \
~ Available in the form of tablets which have been processed in such a way that ~

~ the individual ingredients (the antispasmodic compound and the antacid) have ~

\ been kept separate to maintain increased stability and efficacy. \
\ \
~ PYRAPEN has been adjuvated with Ext. Belladonna and Phenobarbitone 111 ~

1 PYRAPEN COMPOUND tablets to facilitate treatment of severe pain. \

~ ~
~ ~\ * \
~ ~
\ Manufactured by ~

\ \

~ THE BENGAL IMMUNITY CO. LTD. ~
~ \
\ 153 DHARAMTALA STREET \
? \) CALCUTTA 13 \
\ \
\ \
1- ~...r .........r~~-l

ISIR-SEPTEMBER 1965 AS



Matthey SPECTROGRAPHICALLY
STANDARDISED
SUBSTANCES

..GROUP 0 GROUP I GROUP D GROUP III GROUP III GROUP V r,ROUP llJ (,:.to'....'1-' Ll GROUP '1m

H

He Li Be B C N 0

Ne Na Mg AI Si P S (I

Ar K Ca Sc Ti V Cr Mn FeCo Ni
Cu Zn Ga Ge As Se Br

Kr Rb Sr Y Zr Nb Mo Tc Ru Rh Pd
Ag Cd In Sn Sb Te

Xe Cs Ba La Ce Pr Nd Pm Sm Eu Gd Tb
Dy Ho Er Tm Yb Lu Hf Ta W Re Os Ir Pt

Au Hg TI Pb Bi Po At

Rn Fr Ra Ac Th Pa U

The Johnson ,\lallhcy rongc of spcclrograplllcally standardi<ed

sub,tances is \ridc and now embraces metals and compounds

representing iO c1emcnts. All the materials are of the highest

practicable degree of purity and arc subjectcd to stringent analy~is.

The reportthat.accompanies every balch stale, the amount of cach

metallic impurity in parts per million and also the method of
determination.

Where the highest purity is not needed, many of thc c1cment, can

be supplied as metals and compounds of a lower degree of purity.

ELEMENTS John§on~Matthey

LIMITED. HATTON GARDEN lOI\tDON ENGLAND

AvaIlable through.'

The Andhra Scientific Co. Ltd..
4, Blackers Road. Mount Road.
MAORAS·l

JOHNSON. MATTHEY & CO

Aror:..Matthey lImited
166. NetJji $ubhas Chandra Bose Road.
Tollygunge. CALCunA·40

ASSOCiated Instrument Manufacturers (India)
Private Limited.
Sunlight Insurance Buildings.
26·27 Asar Ali Road. NEW DELHI

R.j.Der·Kar & Co..
Sadhana Rayon House.
Dr. D. Naoroji Road.
BOMBAY· I

The Scientific Instrument Company ld..
6. Tel BahJdur Sapru Road.
ALLAHABAD·'
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OPTICA-INTERNATIONAL

DISSECTING MICROSCOPE

Focusing by rack and pinion.

Lens supported in a sleeve which moves backward and

forward and lens-carrier moves sideways. thereby the

whole stage is covered. Movable sturdy hand rests.

Circular glass stage with specimen holding clips. One

opaque disc. Concave mirror. Optics lOx and 20x.

Instruments and Equipment for Education, Research and Industry

INTERNATIONAL AGENCIES
79 GHOGA STREET, FORT, BOMBAY

AS

Gram: 'SCIENAPP' Phone: 325375

SP,IA,'2
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Cauvery Brand

STABLE
BLEACHING
POWDER
for

.textile bleaching,

.water purification,

.environmental sanitation

THE METTUR CHEMICAL & INDUSTRIAL CORPORATION LIMITED
Mettur Dam R. S. Salem Dist.
Ma"aging AgtmB:
SESHASAYEE BROTHERS PRIVATE LIMITED

C.kITlIl.ION.MC·l1.,

tor
laboratory
and
hospital
equipment

LABORATORY GLASSWARE, ETC.: PyrEx. Quickfit, Westglass
Hygrometers. Hydrometers, Micro Cover GlassEs and Slides, Vitreosil
Silicaware (Crucibles, Basins. etc.), Sintered Glasswares (Crucibles,
Filters, Funnels, etc.), Porceloinware (CruciblES and Basins), etc.

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

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

LABORATORY APPARATUS AND INSTRUMENTS: Analyti­
cal Balances and Weights, Centrifuges. Hand and Electrical, Colori­
meters, Comparators and Colour Discs. Haemometers, Haemocytometers.

Incubators and Ovens. Microscopes. Microtomes, Photocolorimeters,

Test Sieves, Stopclocks and Stopwatches. etc.

MEDICAL AND SURGICAL APPARATUS: BP Blades and Handles. Blood Pressure Apparatus, Diagnostic Sets,
Stethoscopes, Hypodermic Syringes and Needle" etc.

PLEASE CONTACT:

B. PATEL & COMPANY
DIRECT IMPORTERS & STOCKISTS OF SURGICAL & SCIENTIFIC GOODS

27/29 POPATWADI, KALBADEVI ROAD, BOMBAY 2
Phones: 38689 & 39702 . Grams: GlASALSORT

JIIR-SEPTEMBER 1965 A9



Largest Stockists of

(Whatman & German)

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

Laboratory Counters, Vacuum Pumps, Photoelectr ic Colorimeters , Flame Photometers,

Microscopes, Balances - Single and Two-Pan , Heat ing Mantl es, and all sorts of

Laboratory Gl assware, Porcelain and miscellaneous items

For details contact :

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

MATUNGA, BOMBAY 19 (DO)

Phones: 3276 17 & 327647

Announcing another
THE FLORA

Grams: CREAMW OVE, Bombay 2

CSIR publication
OF DELHI

by

DR. J . K. MAHESHWARI
Central Kationa! Herbarium, Indian Botanic Garden, Howrah

A flora of Delhi has long heen desired. What has been particularly desired is a fl ora which should cater
not only to the needs of tho taxonomists but should also be usable by students and anyone interested in the study
of the plants of Delhi. Several attempts were made but none before this was carried th rough to success and no
comprehensive f10ta of Delhi was published. The author has made a survey of the flowering plants of Delhi and
its environs, and has incorporated the results of his exhaustive studies in this book. Nine hundred and forty-two
species of indigenous, naturalized and cultivated plants under 549 genera bclonging to t20 families have been
desctibed; Bentham and Hooker's order of families has been followed and botanical names have been brought up
to date in accordance with the latest International Code of Botanical Nomenclature. Keys, based on easily observed
characters, have been provided to help identification of plants; local and English nomes and uses of the more
common plants are given.

The Flora of Delhi is a reference manual for the identification of fl owering plants of Delhi. I t is invaluable
to students, botanists and laymen alike.

P r in ted on offset paper, royal Bvo, full r exine bound
PRICE Inland: Rs 28.00 Forei~n: Sh. 56 or $ 8.00

Pa~es viii + 447

AID

Can be had from

THE SALES & DISTRIBUTION OFFICER
PUBLICATIONS & INFORMATION DIRECTORATE, CSIR

HILLSIDE ROAD, NEW DELHI 12

j5IR-5 EPTEM BER 1965



J5IR-5EPTEMBER 1965

MICROSCOPES
and

MICROTOMES
for

Research
and

advanced
Teaching

S~les & Service Centres thrOUlhouc chi world!

Compact-Elegant-Versatile-Novel Equipment:

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

Specialities:
IIpolyphos" condenser for variable illumination for phase conrrast,
dark and bright field,"Binolux" Mercury Illuminator for contNlst fluorescence­
Combination of phase Contrast and fluorescence.

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

Sold and Serviced in India by:
Exclusive Agents and Distributors

NEO-PHARMA INSTRUMENTS CORPORATION
Kasturi Sldgs., v. Tata Road, 80MBAY-l.

Technical Service Offices: CALCUTTA_DELHI_MADRAS

All



WE LEAD AGAIN!

J~~4
TWMG

METALLURGICAL
MICROSCOPE

WITH

VERTICAL & MULTIPURPOSE

ILLUMINATION
FOR

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

• BINOCULAR HEAD
& STEREOSCOPIC.

• RESEARCH. MEDICAL,
& STUDENT.

• DISSECTING.
• MICRO PROJECTOR

TOWA-Rd-IA

illElI ~==:U--~.~~/:N~A:C~T~/~VE~C~O~LL~A~B~O:R~Arw::ON WITH' 'TO:' JAPAN _~'R.'~~~"'''''~';~

7ow~ • TOWA OPTICS (INDIA) PVT. LIMITED
IND' A • 4. DARYAGANJ. POST BOX NO 1685. DELHI·6. Phone: 271497 Cable: VISION

DEDICATED TO •
INSTRUMENT PERFECTION. Branch: 15/16. Kondi Chetty Street, Madras-I.

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

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

magnetic Demonstration Apparatus, Photo
Electronic Devices, Shortwave Demonstration
Apparatus, ElM Demonstration Apparatus
(with Cathode·ray lubeS), Valve Characteristic

Apparatus.

/0' electronics. science and tednologp

•
~?~~~iRs~~.I~nc~~o~~a~~~~~~

Lamington Road, BOmbay·7 WB.

mass·pc-S
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TYPE T 24 TYPE 5 60 TYPE VAC 60

Laboratory sugar centrifuges
Type TZ I

Laboratory table centrifuge
Type T 4

Laboratory table centrifuge
Type T 20

±O°C -S'C

-20°C

60,000 r.p.m.

max. 300,000 I:

5 X 10-~ Torr

-S'C -25°C

max. 3500 r.p.m.

max. 4500 r.p.m.

max. 16,000 r.p.m.

1250 cal/h

K60 K60S

soo cal!h

±O'C _15°C
-l'C -11°C

max. 2600 g

max. <\000 g

max. 21,SOO g

Preparative ultracentrifuge
Type VAC 60

Cooling centrifuge Types K 60 and
K 60 S (similar to Type S 60)

Type K 60 with cooling

aurt!:gate
Type K 60 5 with cool­

ing :Iuregate
Minimum temperatures
ROtor freely swinging
4x 1000 mt
4x2S0 ml

Angle rotor
8x2S0 mt and
6x500 ml

High-speed attachment

Rotor 6 X20 and
12x 10 mt

Rotating speed
Rotor freely swinging

Angle rotor

High-speed attachment
Field of gravitation

ROtor freely swinging
Ang\e rOtof

High-speed attach ment'

ROtating speed
Field of gra.... itation

Vacuum in the rotor
chamber

Minimum temperature
in the rotor chamber

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

3500 f.p.m.

4500 r.p.m.

\6.000 (.p.m.

max. 16.000 r.p.m.
21,SOJ g

2000 g

max. 3250 g

6000 (.p.m.

max. 6500 ,..p.m.

max. 5600 g

max. 5800 g

max. 2600 g

max, -4000 g

max. 21.500 g

Stand centrifuge Type S 60

Rotating speed

Field of gravitation

Rotating speed

ROtor freely swinging

Angle fotor

Hig,r.-speed attil.t.hmel\l

Field of gravitation

Rotor freely swinging
Angle rotor
High-speed :ut;;achment

Laboratory table centrifuge
Type T 13

Rautio&" speed

(4X 100 mil
(6x 100 mil

Field of gravitation
14X100ml)
16x 100 mil

Rotor freely swinging

An&le rotor

Field of gravitation
Rotor freely swinging

Angle rotor

Laboratory table centrifuge
Type T 22

Laboratory table centrifuge
Type T 2416,000 ,..p.m.

20.000 r.p.m.

18,500 "
18,000 g

max. 6400 r.p.m.

max. <4S00 g

2900 r.p.m.

520 g

max. 3200 r.p.m.

max· 1200 g

Rotating speed

Field of gravitation

Rotating speed

Field of gravitation

JANETZKI
CENTRIFUGES
a synonym for quality!
for medical, chemical and
biological laboratories

Micro-haematocrite centrifuges
Type TH I
Rotating speed of

Haematocrite rOtor

Hicrorotor

Field of gravitation

Haematocrite ro,O:­
Microrotor

Rotating speed

Field of gravitation

Messrs Heinz Janetzki K.G.
Engelsdorf I

AGENTS:

MESSRS K. LAL BHAKRI
P.O.B. 487, New Delhi
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~
PRIME

EQUIPMENT
FOR THE

PRIME
INDUSTRY

Iron and steel making
is the prime industry

of the world's
most advanced countries,

We supply equipment
of prime quality

for steelworks ..•
all made by

the world renowned
German firm of

PINTSCH BAMAG.

CBHL. )0

• Steel Plants - Blast Furnacf:
Plants _ Rolling Stock - Cranes
& Lifting Magnets - Water Con­
ditioning Equipment _ Inert Gas
Plants

PINTSCH BAMAG. A.G., WEST GERMANY

Sales Representatives:

MOTWANE
PRIVATE LIMITED
127 Mahatma Gandhi Road, Post Bo~ No. 1312 Bombay.1

Phone; 252337.GlilnlS: ,CHIPHONE' all Off'C!!5 • Br"nches al;

.,,* Delhi, Calculla. lucknow, Kanpuf. Madras lind 6"no.'<".,
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Colour-Chern CO
When you see the thrilling world of man­
made colours around you-spectacularprints
on your fabrics, colourful inks in your
magazines, pleasing paints in the interior
of your home, fascinating tapestry and the
attractive furnishings of your drawipg room,
plastic balls in the hands of your children­
remember that COLOUR-CHEM. India's
leading makers of Pigment Colours, is very
much a part of your daily life.

ISIR-SEPTEMBER 1965

"j \1",.'

everywhere!

Backed by 100 years 0/
German experience
COLOUR·CHEM LIMITED
221. Dadabhoy Naoroji Road,
Fort. Bombay-l
In direct participation with:
FARBENFABRIKEN BAYER AG.,
Leverkusen. W. Germany
FARBWERKE HOECHST AG..
Frankfurt, W. Oennany
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PERKIN-ELMER MODEL 137UV
SPECTROPHOTOMETER

GIVES HI'GHEST
UV·VIS PERFORMANCE
AT LOW COST

1\16

An ultraviolet-visible spectrophotometer-the
Perkin-Elmer Model 137UV provides photo­
metric & wavelength capabilities you expect
from more expensive instruments. Its low price
brings it within the range of any lab budget.

The Model 137UV covers two regions: 190 to
39OmJ.l in the ultraviolet, and 350 to 750m" in the
visible. Two scanning speeds-two and eight
minutes per scan-are available for surveyor
precise work.

FEATURES:
EASE Of OPERATION: Minim~m controls, plus
Automatic Gain Control and slit programming,
make the Model 137UV easy to run. Records
linearly in absorbance units (0-1.5)

OPTICAL NULL RECORDING: For high accu­
racy in quantitative analysis, plus high repro­
ducibility.

AUTOMATIC GAIN CONTROL: An exclusive
feature, automatically increaseS energy of the
system in high absorption areas.Makes the most
difficult dillerential analyses routine.

Notebook-size Chart: Spectra of each range
recorded on standard ar' x11" chart, with large

ordinate for accuracy. Linear wavelength presen­
tation. Specifications are:

ULTRAVIOLET VISI.LE

Resolution a.2m" at 250m" 1.5m" at 600m"

Photometric acc.uracy
in absOfbiinca units ~O.OI ~ o,en

Photometric I.produci.
bilitJ in absorbance units 0.005 0.005

WaYelength accurac, ±O.5m" x l .om"
Wavelength
reproducibility O.3m,ll O.Snlp

Ask for free literature

PERKIN-ELMER
Sold and serviced in India exclusively by

BLUE STAR

Gel complete details (rom BLUE STAR offices al:
Connaught House, Connaught Circus, New Delhi 1

Band Box House, Annie Besant Rd .• Bomba\! 18
7 Hare Street. Calcutta 1

23124 Second Line Beach, Madras 1
1e Kaiser Bungalow, Dindli Road. Jamshedpur

14/40 Civill.ines, Kanpur
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ELECTROLYTIC
CONDUCTIVITY

EQUIPMENT
Electrolytic Conductivity Solu Bridges, Indicators, Recorders and Controllers. Soil
Moisture, Salinity and Fertilizer Testing Equipment. Concentration Indicators and
Controllers for acids, alkalies, detergents, electroplating rinses, etc. Gas and Ste3m
Analyzers. Continuous Sugar Detectors. Dissolved Oxygen Analyzers

Self-balancing Conductivity Indicator

Soil Moisture Meter

I Industrial Instruments Inc.
U.S. A.

Sold and serviced in India exclusively by

BLUE STAR
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Solu Bridge Conductivity Meter

Portable Conductivity Recorder

Cet (omplete details from BLUE STAR office. ar:

Connaught House, Conn aught Circus, New Delhi 1
Band Box House, Annie Besant Rd., Bombay 18

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

18 Kaiser Bungalow, Dindli Road, Jamshedpur
14/40 Civil Lines, Kanpur
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Dr. RAO'S LABORATORY
BOMBAY-e,

Reaction Kettles steam jacketed, Evaporators,
Distillation U nit complete. Condensers, Filters
and all accessories such as Sti rrers anchor type.

Impellers. Thermowells, etc.

RErAIR WORK OF FOREIGN EQUIrMENT
CARRIED OUT rROMrTLY

mm GRAM: : 'ASHACOM' PHONE: 118SS

111m SUPERIOR LAMP BLOWN
mm PYREX GLASS APPARATUS'

? mm ASSEMBLIES ACCESSORIES'

~ ,ocJrF

:~.,:~:>§.,.

6 M"::::""d by
SCIENTIFIC EQUIPMENT

MFG. co.
An associate of

ASHA SCIENTIFIC CO.
DIRECT IMPORTERS & MANUFACTURERS' REPRESENTATIVES.

SOl, GIRGAUM ROAD, BOMBAY 1.

Interchangeable Laboratory

Glass:~:~re 'Our Special it/

WE SUPPLY COMPLICATED RESEARCH APPARATUS

Read jGand

Advertise

in optical instruments
~©il~rro©~ and

~~!P@~~~ffi
allied components

•
a CSIR

Monthly
GHARPURE & CO.

P·l6 INDIA EXCHANGE PLACE EXTN.

Publication
CALCUTTA I

Gram: HEENAMO • Phon.: 21-1061
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BOROSIL

NOW OFFERS

CORNINO®

BRAND

Machine made

GLASS TUBING
for

apparatus in heavy, medium

and

light wall

CAPILLARY TUBING
of

various bores

and

GLASS RODS
of

different sizes

Manufac(ured by:

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

Grams: 'BOROSIL'

Branches

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

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

4 CANAL WEST ROAD,
CALCUTTA-15

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

JSIR-SEPTEMBER 1965

SP/BORO.6S·1

A19



Two stage, Rotary Vacuum
Pump, suitable only for
power drive through V-Belt,
mounted on C.1. Base Plate
with Electric Motor.

'Ultimate no·lead Vacuum:
0.005 mm. of Mercury (Mc­
Leod Gauge) with closed
Ballast & 0.5 mm. of Mercury
with open Ballast.

OTHER AVAILABLE MODELS

* DRY/20 * SSRP/20 *TSRP/20
* SSRP/30 * TSRP/30
* SSRP/50*TSRP/50*ORY/100
* ORY/80 • 550/150
• T5RP/150 * 55RP/325
* T5RP/325 * 550/750

Also five items of Vacuum
Accessories-
Moisture Trap. Type: MT/30 &
MT {50 • Non-return Valve,
Type: NRV/30 & NRV/50
* Surlace Plate, Type: RSP/20

BASYNTH
1j~[ffi~!iP~

ROTARY
~VACUUM

PUMP
OIL SEALED TYPE

Manufactured by

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

PrOlressive/GSC~)

• Replaceable heaters • Double chambers with thick heat

insulation in between • Adjustable compartments • Gra·
vity convexion currents for free circ.ulation of air or forced

air circulation by means of blower fan • Model SCJH 3

with temperature control • Different types like: Hot Air

Oven, Drying Cabinets, Vacuum Ovens, gas or electrical

working, with or without temperature control with inner

chamber of M.S. copper or S.S. • Working on a.e. or d.e.

supply; painted attractively with oven-baked hammer tone

colour'QUICO' MODEL SCJH/3

FOR
QUALITY

HOT AIR

AND
SERVICE

OVEN

Please contact

UNIQUE TRADING CORPORATION
SPECIALIZED IN LABORATORY EQUIPMENT

221 SHERIFF DEVJI STREET, BOMBAY 3

A20

Gram: UNILAB Phone: 32S61 I & 323489
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INCUBATOR

PARAFFIN EMBEDDING
BATH

Manufactured by

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

~
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transport and storage facilities needed {or a modern
food industry.

Our food productiou will steadily increase during
the successive plans, bnt the losses of food material,;
will also proportionately go up if we continue to
employ outmoded methods of conservation, protec­
tion and processing of food products. In all these
fields the CFTH I has done much pioneering and
useful work, and in any programme for moderniz­
ing the food industry in the conntry, the talent
and expertise of CFTRI, and also the processes
developed by it should be fully utilized.

Publication of Research Communica­
tions by Indian Authors in Foreign

Periodicals

THE result,; o{ a sample survey* carriec\ out by
the Indian National Documentation Centre

provic\es interesting information about the number
of research papers by Inc\ian authors published in
some of the well-known scientific periodicals abroad.
The survey covers 750 foreign perioc\icals publishec\
during 1964 and deals with 23 subject fields. The
data provided may be taken as a fair estimate of the
situation as it obtains today.

According to the survey, the total number of
papers published in the various periodicals during
1964· was 1406. The subject fields accounting for
the majority of papers publishec\ are: chemistry
including biochemistry, 354; physics, 323; medicine.
138; mathematics including mechanics, astronomy,
astrophysics and statistics, 110; technology and
useful arts, 97; anc\ engineering, 83. In general,
the number of papers published is more in pure
sciences than in applied sciences; the least number
of papers (3) were published in the field of statistics.
In chemistry, out of the total numher of paper,;
(354), organic chemistn', biochemistry, phy,;ical
chemistry and analytical chemistry account for
109, 99, 84 and 54 papers respectiw'ly; inorganic
chemistry papers numbered only 18. In physics,

*Guha, B., Gupta, A. K., Joseph, :\. & I\.achroo, :\1. I .. ,
.11111. Joih. Sri. Dor., 12 (1965). 76-Rf).
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out of 323 papers, nuclear physics alone accounted
for 184 papers.

A rough ,'stimate of the total number of research
papers published by Indian workers both in Indian
and foreign periodicals during 1964 is about 7500.
It would not be correct to speculate why a si7,eable
proportion of the I esparch paper,;, representing
perhaps til<' best ones. are puhlished in foreign
periodicals, lwfore carrying out a fact-finding survey
to find out the exact reasons for this situation from
the research workers themseh·es. Such a sun'ev
cOI.II(1 also provide answers to scimtific puhlicati";l
problems, such as adefjuacy or otherwise of the
exi,ting periodicals published in the country, their
standard, usefulness, etc. The present sun'ey
indicates the scope and need f"r speciali7,ed journals
in some specialized areas. For example, til(' number
of papers pllhlished in nuckar physics could sustain
a new journal devoted to the subject. Similarly,
there appears to hl' a case for a separate journal for
organic chemistry.

Divergent views arc expressed about the practice
of Indian Tesearch workers publishing their work
abroad. However, a weighty argument against
this practice is that every country should have
scientific periodicals of high standard which reflect
the progress of scientific research amI this practic,'
retards the proper cle\'elopment of scientific
periodicals in the country. It is, therefore, for the
research workers themselves to build up quality
journals by publishing at "'ast a part of their best
work in periodicals published in India. They'should
also shoulder the responsihility of initiatiug proposals
for new periodicals in specialized fields where the
need is felt. For example, the Society of Biological
Chemists, India, suggested to the Council of Scientific
& Industrial Eescarch the l1<'ed for a. separat"
journal for biochemistry, and the present Sl\f\'ey
justifies its est'lblishmcnt. It \\'ould I", useful
if the subject of pnblication of scientific periodif;als
in the countn' is IlIld('f COlbtant re\·i,.'w 11\' a com­
mittee made ·up of 1TH'lIlbers drawn frolll· research
councils, scientific societi,'s. lInin'rsiti,'s and r('­
search institlltions. so tll<,l scientific periodicals
published maintain a high standard and calvr
dfccti\"l'h' to thl' n",'<ls of till' ,;ciellti!i,' ClJll1nlllliity.



International Conference on Internal Conversion Process: A Report

III'p.ll"11111'I1t of Ilhy",ic~, The Ohio Sl<lk Ullivl'fsity, CO!llllllm;; 10, Ohill, I'S.\

A:-.J International Confen'nce on the Internal
COIl\'ersion Process was lIPid at Vanderbilt
University, Nashville, Tennessee (USA), from

10 to 13 May i 965. The conference was attended
by over one 'hundred dekgates representing various
countries, including Yugoslavia, Sweden, Hungary
and India; Sweden providing half a dOl.Cn delegates
rdlccting the contribution that country has made
to the ulHlt-rstanding of internal conversion. It
was indeed a busy conference with sessions conti­
nuing till late in the evening. The conference was
devoted to both theory and experiment, the latter
predominating. Curiously enough, int('rnal conver­
sion represents a unique situation with experim<'l1t
ahead of theory.

Regarding improvements in experimental tech­
niques, Hultl)!'rg (Sweden) reported on the refinement
in the internal-external (lEe) method with au
improved calculation of the photoelectric cross­
section, correction for photoelectron scattering and
for finite dimensions of the spectrometer aperture.
Hollander (USA) described the usc of semiconductor
detectors for internal conversion coefficients. Lewin
(Hollantl) pointed to the doubtfulness of the peak
to beta spectrum (PBS) methorl with reference to
the 412 keV. transition in Hg-198. Thosar (India)
summarized the situation regarding agreement he·
tween theory and experiment. There was general
agreement as regards 2' -··O'E2 conversion coeffi­
cients, the previousl\' reported anomalies being tran'd
to improp{'r accounting of the various corrections.
Other ]:2 transitions needed to be cardullv re­
investigated to prow or disprove the large Jevia­
tions pointed out hv Ramaswam\' (India). Such
dn'iations would be disturbing to the th('orists !

An l'legant technique to determine the particlt'
par:tn1l'lt'rs was described bv Stont· (USA), anti

consists of measuring the angular distribution of
gamma rays and conversion electrons from oriented
nuclei. Such an experiment on mCe revealed
excellent agreement hetween the 'point nucleus'
values and experiment for an M4 transition.
further, validity of the' point nucleus' approxima­
tion was established by Deutch (Denmark) from
an analysis of e-Y correlations and extracting b2
values for pure transitions.

Hamilton (USA) referretl to the agreement be­
tween theory and experiment as regards L2/La ratios
and deviations for 1.1/1. 2 and L1/L a ratios for E2
transitions. An interesting report came from
Geiger (Canada), in which appreciable deviations in

.the sub-shell ratios were reported for a high multi­
polarity (£5) transition. I{ose (USA) pointed out
that theoretical M-shell coefficients were not meant
to be accurate. An important contribution was
made by Gerholm (Sweden) in confirming the pre­
sence of EO in direct competition with Ml and
£2 in 21 -+ 2 transitions in vibrational nuclei as
predicted by Church and Weneser.

Rose (USA) drew attention to the anomalies in
the calculated values of the American group as
represented by himself and the Russian group,
Sliv and Band. He emphasized the need for under­
taking an independent calculation suggesting that
a calculation of M-shell would provide for other
shells with comparative ease. There are already
attempts in this direction as represented by the
contributions at the conference by O'Connel (USA)
and Bhalla (USA). It was reassuring to hear from
Kisslinger (USA) that the pairing correlations had
little effect on the conversion coefficients.

Considering the deliberations of the conference,
one would agree that this was the most opportune
time to take stock of things.

Hi
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In his paper on 'Polarization of tlw charge­
transfer band', Dr Mihir Chowdhury (Indian
Association for the Cultivation of Science) described
his work carried out at the l'ennysylvania State
University, USA, with Dr Lionel Goodman. The
polarization of the charge-transfer band was deter­
mined in glassy solution by photosdcetion technique.
The degree of polarization thns determined threw
light on the asymmetry of the structure of some of
the complexes studied.

The paper entitled 'Molt:cnlar interaction in
liquid mixtures' presented by Shri Jagannath de­
scribed his work done with Prof. R P. Rastogi.
Volume of mixing and heat of mixing for mixtures
of cyclohexane and carbon tetrachloride and of
benzene and carbon tetrachlori(le were measured at
various temperatures. Spectrophotometric measure­
ments were also made for mixtures of !wnzcne and
carbon tetrachloride in cyclohexane. Dielectric
polarizations for the mixtures of benzene and carbon
tetrachloride were also measured. The results con­
firmed prominent interaction between unlike mole­
cules. The possibility of existence of contact pair
was also discussed.

Lastly, Dr Gobinda Basu (Indian Association for
the Cultivation of Sciencc) described the temperature
dependence study of tbe charge-transfer band of
Li2[Cu2Cl612H20. The brown-red compound showed
a magnetic phase transition at low temperature
(4·2°K.). The magnetic phase transition is due to
the spin interaction between the neighbouring
copper ions through the chlorine ion. This pheno­
menon is known as superexchange interaction and
in order to study its effect on the metal ligand
bond, the charge-transfer band of the single cr~lstal

as a function of the temperature was investigated.
The spectral results were interpreted in terms of
the ligand-field theory.

Surface Interactions

The first two papers presented in this session
with Prof. Satva Parkash as Chairman described
the work done -by Dr Wahidul Malik and his asso­
ciates at Roorkee University. Shri Surendra P.
Verma read the paper entitled' Physico-chemical
studies on the binding of dyes with surface active
agents: Part I - Spectrophotometry of malachitp
green and rhodamine 6G in presence of alkyl-aryl
sulphonic acids '. Besides routine spectrophoto­
metric measurements, Klotz method, used for deter­
mining the binding of the dye with a protein, was
also tested in this case. Evidence for micelle forma­
tion by the association of 20-70 molecules could be
obtained. The (MC values lay in the concentration
range between 8·0x 10-5 and l2'Ox 10-sM.

The second paper presented by Shri Shamin Anwar
described permeability of electrolytes through parch­
ment supported iron oxide membranes. The
permeability values for the untreated ferric oxide
membrane as determined by constant flow method
of Hartung and Willis were of the order: KCI, KBr,
KNOa, KCNS and K2SO. in millimoles per hour.
Treatment of the membrane with an anionic soap
rendered the membrane more permeable. The
results were discussed in the light of the recent
theories on membrane permeability.
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Shri V. ~. Singh (Banaras Hindu Cniwrsity)
presented a paper entitled . Diffusion studies of
alkali metal ions in agar-agar gel' describing th,·
work done by him with Dr B. M. Shukla.

The next iwo papers described the \l'Ork done b~'
Dr R. B. Prasad and his associates at the Banaras
Hindu Uniwrsity. The first of these pn'sented by
Shri A. 1\. (~upta (lescribed adsorption of iodide
ions from :\'1ueous solutions by strongl~' ignitl'd
copper, ceriullI and zirconium oxides, and the other
paper pres('nted bv Shri 1'. S. M. Tripathi discusspd
the results obtained in a stud\' of desorption of
iodide ions adsorbed on nickc·l oxide.

Dr S. N. Sri\'astava (.\gr'l College, Agra) pn'­
spnted a paper on 'The interaction of colloidal
particlps with special reference to til(' role of macro­
molecules in van (ler Waals' interactions'. He re­
viewed the theory of Dcrjaguin, Verwey and (hu­
beck (DVO th('ory) regarding total interaction
between two colloidal particles and applied it to
the stability of an emulsion of aliphatic hnlrocarbon
in watc'r. :\n attempt \Vas also macle to study the
influence of adsorption of a protein on the van cIPr
Waals' interaction assuming the quantitative vali­
ditv of the DVa t!H'[)J'\'.

in his paper, Pror'. M. C. Rastogi (J{egional
Engineering College, .Jamsllt'dpur) made an attempt
to give a theoretical treatment of the ion-exchange
phe'nomenon occurring in thp colloidal systems on
the basis of the Stern model of the double layer.
Because of model consideration, it was found to bp
more suitabl(, to explain the changes that would
occur in til(' electrical doublc I;I\'c'r in the presence
of surface active agents. "

Dr (Miss) K. K. I{ohatgi (Chemistr\' Department,
.Tada\'apur University, .Jadavapur, Calcutta) pre­
sentpd hn papl'r on 'Nature of bonding in (h'c
aggreg'ates in aq'\('ous solutions' The work was
done in collaboration with Dr C;. S. Singhal. The
aggregation characteristics of dy('s, !\a-fluoresccin
and rhodamine was studi('d iu aqueous solutions.
The two dyes differed iu their absorption ami fluorps­
cence spedra. In thc case of rhodamine, aggrega­
tion is an entropy directed process and is probabl~'

brought about by hydrophobic bonding, whereas for
fluorescein it is an pnthalpy (lirectl'd processp:,
involving hydrogen-bonded system.

Interactions with Hi~h Ener~y Particles

In the abspnce of thp group of workers from till'
Atomic Energy Establishment, Bombay, and
Dr S. R. Mohanty (Banaras Hindu University) onh'
two papers were prespnted in this session. The
one by Dr B. M. Shukla and Shri S. 1'. Misra
(Banaras Hindu UniVl'rsity) described the studies
on 'Isotope effect of recoil Br-80 and Br-82
atoms under (n, r) process '. The results were
discussed in the light of . ion-molecular reaction'
and 'auger-electron reaction' ideas. A scheme
was also suggested regarding the stabilization of
recoil Br-80 and Br-82 atoms.

The other paper presented by Dr R S. ]{ai
(Rajasthan University, .J aipur) described some fumla­
mental processes in radiation chemistry. Chemical
effects of high energy radiation on some organic
systems in thp liquid state were presented in some
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details to elucidate the mechanism of energy transfer
processes in radiation chemistry.

Chemical and Miscellaneous Interactions

In the last session Prof. A. C. Chatterji presented
his paper on 'Oxidation of some simple organic
molecules bv chromic acid '. In most of the cases
the temperature coefficients, rdative entropies, heats
and free energies of activation and frequency factors
were calculated and the effect of snbstitution,
catalysts, etc., werc obsen·cd.

The paper by O. N. Pcrti and H. D. Pathak
(Department of Chemistry, V.S.B Government
College, Naini Tal) on the' Action of ultraviolet radia­
tion on a mixture of methane, ammonia, carbon
dioxide amI hydrogen in presence of water' was
presented by Dr H. D. Pathak.

The next two papers by Prof. Satya Prakash
and his collaborators at Allahabad University dealt
with the action of ultrasonic waves. Whereas thp
first one entitled 'Ultrasonics and chemical re­
actions' described experimental work to study the
effect of ultrasonic waves (I Mc/s.) on the aqueous
solutions of some dyes and organic halides, the next
one on ' Ultrasonically produced cavitation' was a
review.

The papn by Prof. l{. C. Kapoor (Jodhpur
University) dealt with a polarographic study of
, The interaction between Hg (II) and cysteine'.

Dr R. D. Srivastava (Lucknow University) pre­
sented a paper describing , A solubility method for
the study of specific interaction '. The experi­
mental work dealt with the specific interaction o[

m-dinitrobenzene with naphthalene, phenanthrene
and anthracene molecules in carbon tetrachloride.

The paper on 'Chemical interaction in solid
state' by R. P. Rastogi, Y. N. Chaturvedi, B. L
Dubey and P. S. Bassi dealt with solid state re­
action between mercurous chloride and iodine to
form mercuric chloride and mercurous iodide. A
quantum mechanical explanation of the proposed
mechanisms was given.

Shri Kehar Singh (Gorakhpur University) pre­
sented paper on '}{eaction rates and affinities'
describing his work done in collaboration with
Dr R. C. Srivastava (Department of Chemistry, Regio­
nal College of Education, Ajmer). Phenomeno­
logical relations for chemical reactions were criti­
cally examined and it was shown that in general
the rate of a reaction can be expressed as a
power series in affinity. The conditions under
which second and higher order symmetry would be
obeyed were also determined. Experimental data
on isomerization of pentenoic acids was examined.

The last paper of the symposium presented by
Dr S. C. Tripathi (Gorakhpur University) discussed
, Reaction mechanism of hydroformylation reaction
using cobalt carbonyl as a catalyst', The work
was done at the University of Manchester.

In his concluding remarks, Prof. Mata Prasad,
Chairman of the last session, expressed appreciation
for the lively and stimulating discussions during
the symposium. In view of the intense academic
activity and the tight programme during the three
days he felt that the svmposium was a great
success.

Symposium on eNS Drugs

.\ S"lllposiun: on (',,:-i Drug" "ill bl' held
dming 24-30 .I auuary 1966 at tlie l{egional ]{l'­

s~arch Laboratory, Hydcr;lbad. The svmposiulll
is l'xpect,'d to !w atteuded by about 45 ill\'ited
participauh [rolll India aUI] ;\broarl. Th~ proceed­
iugs of tlie s"mposium \I'ill Ill" published by tile

middle of 1966 h,' thl' Council of Scientilic & In­
dustrial Research; New Delhi, and distributed out­
side India hI' the Pergamon Press, London. Fur­
ther details about the s~'mposium may be obtained
from Dr P. B. Saltur, j{egional l{esearch Laboratory,
H\'Ckrab;\(1 9.
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Effective Mass of Electrons & Holes in Semiconductors from
Magneto-optical Laser Emission Studies

..\, N, rll,\hl<.\Y ..\HTI

T HE effectiw mas,; of "lectruns and holes in
semiconductor,; is an important paranll'tcr
for determining the hand ,;tructure and llw

scattering mechanism, The most widely usetl direct
method of measnren1l'nt uf effeetive mass seems to
be that provided hy the cyclotron resonance expni­
ments, However, this method has been success­
fully applied to only a limited number of sl'mi­
conductors, The u,;e uf lasers has been sug/(estcd
for cyclotron resonance experiments in the infr;,­
red region, Studies of the shift of peak ('missiou
in magneto-optical lasers also pro\'ide a direct
method of measuring the scalar l'ffectin~ mass,
This is illustrated with tlU' data ubtained from
magneto-optical stmlies in In As and InSh diod.,
lasers. It is felt that the ('flective mass value,;
derived from such studi('s will Ill' mon~ accural<'
than those found bv other availahk nwthods. since
in a laser the em'ission is coherent and of high
spectral purity and the probahilities of most of the
indirect transitions arc minimized. leading to accu­
rate measurement of thl' change of band gap in a
magnetic firld. The effecti\'e mass can also he
determined from the shift of peak incoherent emis­
sion in semiconductors in a magnetic field, hut th('
accuracy will be smaller dne to large line widths
of the spontaneous t'mission, It is exp('ctNl that
direct determinatiou of effective mass in (;a:\s,
GaSb. InP, GaAs,1', ',' and InAs,,!', .r, for which
cyclotron resonance data haw not been rl'ported,
conld be done b\' this method Iwcause tlwse semi­
conductors han' 'shown laSt'r emi"ions O\'.'r a wicit'
range of templ'raturl's, The orientation of the
magnl'tic field and the extent of doping' bring
significant chang('s iu the emission intensity and
linearity of the magnetic shift which are discnssed
in a later section. These changes for diffen'nt
orientations of the magnetic tield arc ,'xpl'cted to
give some insight to the tensor properties of the
effective mass,

Determination of Effective Mass in
Semiconductors

The important available methods of determining'
effective mass in semicondudors make use of thl'
measurements of cyclotron resonance, oscillatory
magneto-absorption, Hall effect, mag!1l'to-rcsistance,
Faraday rotation and thermoelectric Jlower.

In the cyclotron resonance metho(jI, the current
carriers in a semiconductor cn'stal arc accelerated
in spiral orbits about the axis' of a static magnetic
field H. The angular rotation frequency We of
the carriers of effective mass 11£* is gi\'l'n by the
usual cyclotron equation

... (1)
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By studying tiH' ]'o'sonant ah,;orplioll of ,'nergl'
from an r.f. "ketri,' fidd I"'rjlendicnlar to IIle static
magnl'tic f!dd, ('l, is found out and tllw; 1iI* (';111 Ill'
calcula!<'d,

Cyclotron n',on;1I1(,(~ ,'xl"'rinh'llh for larg" band
gap semicouductors iu the microwa\'(' range requin'
operation at low tt-mjleratnres (I·2-4·Z'K,) and
optical ,'xcitation hy \'i,;ihlc or infran'd light.
Such expninH'nls with 1111'S(' s,'miconductors can,
howe\'('r, h.· done at t'llmparati\'"h' higher tem­
peratllres for inLTea,,'d tlll'rma) ionization of im­
purities, The use of smaller \'ah,,·s of .... the mean
time hetm'en .'ollisiolls, al high.'r tt-mpnatures can
he made possih'" at th,' ,'xpl'n,;(' of a larg.,[' magndi,'
field b~' incn'a,ing till' fn'ql"'!"'\' of the <'1ectrie
field to !ll'ar infrared \\'al'<'1engll", ~lagndic fidels
of th., order of 1000 kilog;llIs,; will Ill' n''IlIircd and
heuce pllised opel'ation i, ,'s,;('ntial. H.'n' thl' usc
of gas discharge and S('lninJlldlll'for lasl'rs as infra­
red gl'lJl'rator, ma\' he sllgg"stt-d which gi\'(' ('X­

trenH'ly monochromatic inframl. \'j,ible and ultra­
\'iolet radiation" The liSe of lasers will help
correctlv locale till' ah,ol'plion !}('aks hecallse of
the high spectral purit\, ;IIHI stahility of lasc'r
{'nlission~.

.\ secolld dired mdhod of nll'asun'nH'1I1 of
"ffl'ctive mas,; i, pro\'ided hv th,' oscillatory
maglldo-alNlrption ..ffeet', The underl~'ing ph('no­
m.'non ill\'olv,'" a, in ,'\'('Iolron n'sonance, till'
'Iuantization of ,'nergy ",\:.,1,; of th., cani,'l's in a
magnetic licld, The 'Inantiz,'d "IH~rgy I. '\'I' I,; of
the condurtion hand in a magndic fidd of induc­
tion ,kn,it\' 11 are sp;ll,,'d h\' ;111 amount hdl/111*
and so th,,' ,pacing I}('!\\'l"'n th,' ah,orption lIlaxima
gi\'('s a din'd nH'asnn' of 11/* (II reprl'sents /t/2",) ,
The <:ffecti\'(' nlas,;('s in a gi\','n semicondnctor as
determined s"p;lratcly hy IIII' cyclotron n'sonance
and thl' oscillatory magndo-ahsol'ption .'xl}('rinH'nh
should bl' in do,e agn'enll'nt. This is dill' to the
common featnn' of till' origin of th., two ahsorption
phenomena, '1'111" tIll' nll'thod of oscillatol'\'
magneto-ahsorpt.ion lIle;ISUIUlh'nt is also a \'('1'\'

accurate wal' of dekl'lnining till' eff.'dive ma"
but has unforlllnaldy b''I'n reporl<'ll for onh' a f,''''
semiconductors,

IIIeasnrl~ml'nh of Hall eff.'Ct ;lIId condudil'il\,3
ma~' also b,' comhine,1 to provide vahll';; of ti,,'
effective maSSl'S of c1,~etrons and hoks. This is
unly an approximate nH'thod,

Data for computiug 111* cau again he obtailled
from measurements of maglll'to-resi,tance4 The
change of re,btivity with magnetic fif'1d giw·s the
~Iaxwellian ;1\'erage of the relaxation tinl\' of chargl'
carriers, < ...>, which lIlay be combined with tbe
values of mohilities of electrons and boles at high
magnetic fields, obtained from Hall t'ffect IIlcasun'­
ments, to gil'" the effective masses,
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Otlier mdhods incillde nl<'aslln'menh of Faradal'
rotation" ;lIld thermoelectric POIlU", The Farada,'
,'ffect is a pot..ntially accllralt' wal' of dl'll'rJllining­
dfeclil'l' mass liecallse til<' prodlll't of refractil'"
ind"x aud rol:ttiou is illl'ersl'l)' proportional to the
''1uare of til<' d'fl,ctin' mass, 'I'll<' nl<'thod of
tl,,'rmo(,ll,ctric pO\\'l'r llIl'asurellll'nt will gil'" iu­
"OITl'l't H'SIlItS for lIon-spheri,'al ,'nergl' hands, sincl'
man." approximatiolb for splll'rical ('Il<'rgl' sllrfaces
an' illl'oin'd in the formulae IISt'd for calclliations,

The resllits obtained In' I'ariolls ml'lhods ;lJ'('

uf\l'n found to he din'I'f.(",it. The inconsistl'lH'l' of
Ihl' I';dlles of ,'ffl'ctil'c mass fuuud Ollt by I'al:ious
ul<'thods possihly ariSl's due to two n'asons: (i) the
formlliae IIsed for eflecti\'(, mass calrlll;ltions hal'"
limited rau;.:" of I';didill'; aud (ii) the implications
of the factors whidl aff,'C! tIl<' cffl'c.lil'(' mass iu a
St'lllicondllclor an' not dearly IIndl'rstood, For
.'xampll', till' "'Illation 1",'/:":" (mll/I11,,)"I", :",' and
:"1, Iwing- till' nlOhiliti,'s and III, and 11111 the masse's
of e"'ctrons and ho"'s respective!.", IIsed in tilt'
dl'lermination of eff(,ctil'" Illass hI' Hall effect and
WIHlllct iI'ill' nll'asurenl<'nls is fm iuentl)' mention,'d
iu til<' Ji!<'ratlln' without an\' indication of its
limitations, In the ml'asun,ill<'nt of mag-nl'lo­
rl'sistanCl', the USt' of sol,"'red si,'" l'llllta<'ls intro­
dun's a l'ontrihntion to till' obser\'('d dlang-" in
n"istanc,' in the mag-ndic ti"ld callsed hI' a short­
in;.: ont of till' Hall 1'011:tg-e in til<' I'icin'ity of the
COulacts, In the thermo-el,'dric po\\'l'r ineaslln'­
nl<'ut, Ill<' rl'laxation time Ihll' to lattice scatt,'ring­
is repn'sl'nkd hI' a simp'" 1'011"'1' law of till' foml
T = liE ", This means that tl,,' rdaxatiun tinl<'
does not include the l'ff,'cls uf impurity sl'altering-,
scaltering- hI' dislocatious, and scattering- 1n' til<'
optical muci"s of lattice I'ihrations, :\gain', til<'
l'allll'S of S, a coustant, an' IIsllal!." assllnll'd tll hI'
"it her li2 or zeru, whil'h is not alll:al's trlll'.

Effective Mass from Observed Magnetic Shift
of Peak Emission in Laser Diodes

It is knuII'n that the Iwak emission frolll last'!'
diud,'s oCClirs at a frc'lll"IKI' ITI'\' m'ar!." e'llial tu
that of hand ;.:ap, I{ecent stlldi,'s'" sholl' that till'
applicatiou of a mag-udic field of moderat" strl'ng-th
r!'sliits in a ul<'asurabll' shift uf till' fre'l"('nCI' of
peak ,'missiou, This shift has heen fOllnd t.o I'al'\'
lim';lr!." with till' intl'nsit)· of t.hl' mag-nl'l.ic fil'l;1
()\Tr a consi''''rahi<- rang-e. It Sl','ms that th,'

- .. ffe<'lil'" mass can he mol'l' cOlT('d!l' ('slimat,'d from
this OhSl'n'l'd shift hI' making- lISe' of tlH' fact that
this sllift. is in\'('rsd~' proportional to tll(' eff('ct.il'l'
mass.

Th,' ,'n,'rg-\' n){Jllll'ntnm rdation for two simpil'
paraholic baillis in a semiconductor is g-il'l'n bl'

1:'., /"'0- 11"1\'/2111. ..,(2)
1:'" ~" /:'"0+ 1I"/\"/2mll ,.. (3)

IIlll'rc /:'," and 1,," ar.. th,' ('uerg-its at tilt, ,'dg('s of
till' I'ail'nce and conduction hands, l\ is the crystal
monwntum Vl'ctor and mil and III .. are til(' d'[{';,t.il'('
masSt's of the hole and thl' dectrou n'sll<'ctil'ely,
For an applied mag-IH'tic fidd in the /. direction,
11',' (';,n IITil,' an l'ffeeli\'(' mass Schroeding('r equa­
tion for till' c;trri,'!'s in ,'adl of tl1('se two simp'"
paraholic bands, Th,' solntion of this \.1'\)(' of t''1ua-

Iion has been obt.ained by Landau am] gives rise
to distTl'le magnl'tic le\'(:ls' in bot.h the conduction
and I'a il'ncl' hands of the form

I,'" = ± (lI-f ~)III')' ± 11"/\;;2111* .. ,(4)

lI'h"r(' (" f = <'1-1/'111*<' is the cvclotron frequency for
the carrier in a magnetic field H, and the energy
"'\'(,Is are referred to the bottom of the conduction
and top of the I'alence hands, ror the shift. in till'
optical t'1H'rg-y g-ap with H, we may writ!'

/,',(H) =~ E((H = O)+(Ill'j2m*c).H .. ,(5)

lu dio'dt' last'rs, m* is actually the reduced mass
since hoth l''''ct.ron and hoil' take part in radiative
recomhination, Bllt taking the I'alence band shift
t.o he I'ery small dul' to the larger mass of holes,
111* becomes I'er)' Ill'arly equal to the effective elec­
t.ron mass, Thus nll'asuring the mag-nitude of the
shift of peak emission, the effective mass can be
fonnd out from Eq, (5). This will be shown by
dl'lermining- the l'ffectil'e mass from the reported
I'alu('s of thl' magnetic shift of pt'ak emission in
InAs and InSh laser (liodes,

It has Il<'en reporkd' that t.he peak emission of
fnAs diad,' laser operating at 4·2°K, is at 31,168 J\,
in a mag-nl'tic tield of 4·1 kilogauss and shifts to a
lI'al'('leng-th shorter hy 13 j\, hy increasing t.he
mag-nl'lic tidd t.o 9'1 kilogauss, The change of
hand g-ap is h)' 0·001 eV, for a change of mag-netic
til,ld hI' 5 kilog-auss, Snbst.ituting these lalues in
E'I' (5), II'l' g-d the redncel! mass Ill, = 0·029 111.

This I';tlue of the reduced mass, as mentioned in
the pn'l'ious parag-raph, can be taken to be I'ery
nearly ('qllal to t.ht' effectil'e <'!ectron mass and
ag-ree-,; remarkably Iyell lI'it.h ZlI'erdling's I'alue of
III" = 0'03 III. in fn:\s,

Till' change of peak ('mission eJl('rg-y \\'ith magndic
fil'id lias aiso been st.udied" for InSb diol]l' laser.
It is found tllat. till' freqlll'nc~' of the peak emission
in InSb laser dio<lt~ operat.ing at I,TK, sllifts from
0·239 to 0·243 "V, for an inCl't'asl' of magnetic field
from 21 t.o 30 kilogauss, From Eq, (5), these I'alut's
gil'l' a reduced mass of O·Ol3 III, which abo can be
tak('n to be vrr)' nearly equal to the efft'ctil'e elec­
tron mass in InSb and is the same as the most
,likel)' I'ahlt' of the effectil'l' electron mass (m" =
O'OJ3 III) ohtaine(l hy other measurements,

It has h"l'n sngg-estt',]lO,1l from theoretical con­
siderations of th" ,'xperillll'nt.ally obsel'\'('I] effects
of uniaxial strain on laser diode emission that t.he
optical t.ransitions in\,(llved in a las('r lake place
most!\' hetween the conduction band and the
:!eceptor stat<'s. The t'ffective mass for the acceptor
staks wlien suhstituted In the reduced mass
ml'asul'l'd bv the laSt'r method will thus give the
most. accura't.e I'alne of th,' effert.ive electron mass.
The effect.il'e mass for the acceptor states is defined
hy the rdation E,I =- f: Il ,(m*jlll).I-i.-2, where E A, Elf
arc tht' ionizatiou elH'rgies of the accf'ptor state and
of hydrogen I'l's]lt'ctil'ely, :tllli 1\ is the dielectric
constant,

HOII'l'I't'r, under tilt' high (1t'gt'l1l'racy used in a
laser diode, the acceptor band can 1)(' considered
to be nll'rg-ed \\'ith the I'alence hand edge leading
approximat.ely t.o band-to-bam] last'r t.ransition~,

The probahility of inl,'rband optical tran,iuons IS

453



J, SCI. INDUSTR, HES" VOL. 24, SEI'TE~IIlEI{ 1965

highl~' doped (very degenerate) diodes. and thl'
doping to he used shonld satisf~' the inequalitl'
condition ,:I giwn h~'

1',. anl\ h, heing the '1nasi-F<'nni 11'\'(,1, and
I:', = hv,

Hut for 1'('1'\' high dopings, thI' donor lewis will
merl.(c into the condnction hand, the hottolll of
which will 1)(' serious,," distorll'll resnlting in non­
linear I'ariation of till: shift of peak l'mission with
magnetic field, This was artnaill' ohSt'rvelP' in
heavily doped (;'lI\s laser diode in which the peak
emission I'ari,'d qnadraticalll' with the magnl'lic
field. The quadratic shift was found to he approxi­
mately cqual to the shift for the gronnd state of a
hydrogenic donor and possibl~' the initial states
under this condition an' till' hound hydrogt'nil'
states.

Howel'er, for correct Iv determining the effectiw
mass, linear diamagnetic shift of the emission lint,
to higher energy should he obtained and this can
only be expected if the initial state of the transition
is in the conduction band of pure material. This
underlines the need for using optimum doping for
which the above condition is satisfied, For hean'
dopings, the magnitude of the magnetic shift 01-;­
tained will also be small.

Direct Determination of Effective Mass in
Semiconductors and in Mixed Semiconducting
Solid Solutions

Cvclotron resonance. as mentioned "arlier, can
he tried for directly determining the effective mass
in GaAs. GaSh and Inl' at comparatively higher
temperatures in large magnetic fields, hv increasing
the frequency of the electric liclll to near in frared
wal'c\engths where the use of la,ers as infrared
gl'nerators will gil'e more accurate resnlts,

However, thl'se semicondnctors have shown lasl'r
emission over a wide ranl.(e of temperatures (1·2­
300°K.) and the effective mass can he determined
from the ohsen'ation of the magnetic shift of peak
laser emission, Operation at lower temperature.
however. is essential to ohserve the mal.(netic shift
effect. The shift of peak laser emission will he
small in these cases due to the larger effectil'"
electron mass. To effect an ohsl'ITahle shift.
large magnetic fields will he required, These are
calrulall'd using E'I. (5) and known vahles of
effective masses fonnd from indirect measun'n1l'nts
(Tahle I).

The I'alues of effectil'(' mass in mixed semi­
l'olHluctinl.( solid solutions like GaAs".!',_ x, InAs,!',. "
etc" have not heen n'porll'd in thl' literature, Hut
laser emission has alrl'adl' heen rt')JOrll'd in thesl'
semicondurlors ov,'r a wilk rangl' of temperatures
and, COllSl''1IH'ntl~', the study of the magnl'tic shift
enable 011<' to determine the effl'l'tin' mass in theSl'
compounds. The effcctivl' mass, detennincll h~'

th(' hand gap, will vary in thl'se sl'micondurlors
with the percentage composition of phosphorus,
since addition of phosphorus increases the hand gap.
fncidentall~', thesl' allo~' crystals can contain up to
50 per cent phosphortls and still han' the din'ct-gap
band structnre charal'leristics,

highest for electrons and holes near the band edges,
thus the effectiw' mass determined by the lasl'r
method refers to the near band edge minimum
mass,

Effects of Ma~netic Field and Dopin~ on
Laser Diode Emission

It is quite natural to expect significant chang"s
of both the coherent and incoherent diode emissions
by the application of a magnetic field, since the
rates of spontaneous allli stimulated emissions
depend on the density of states and the transition
probability which in turn are affected hI' the
magnetic field,

It has been actually observed;,~·l~ that the appli­
cation of a magnetic field, either transverse or
parallel to the current flow, lowers the threshold
current densitv in a laser diode. But the effect is
greater for magnetic fields transverse to the current
and saturates for increasing fields. The lowering
of the threshold and increased intensity with mag­
netic field suggest an increase in transition probabi­
lity with H. Since the initial states are the exciton
or the free electron states rather than the donor
levels, the application of a magnetic field results in
the enhancement of the density of states and con­
sequently increasing the laser transition probability,

In a magnetic field, the quantization of the
energy levels takes place in a plane perpendicular to
the magnetic field, For carrier motion perpendi­
cular to the ma!,'Iletic field, as in transverse fields,
the quantization of energy will be effective to a
greater extent giving greater enhancement of till'
density of states. Also an additional amount of
lowering of the threshold occurs in a transverse
magnetic field due to the deviation of the current hy
the magnetic field. The current now being restricted
to smaller regions acquires larger density values,
thus providing the stimulated emission with a
further lowerinl.( of the threshold,

The orientation of the magnetic field has also a
characteristic effect on the incoherent diode emission,
The incoherent emission should increase with the
enhancement of the densities-of-states for all values
of magnetic fields, either transl'erse or longitudinal.
But it was actual'" observed8 that the incoherent
emission increases' linearly with magnetic field
parallel to the current flow, whereas for transverse
magnetic field the incoherent emission increases for
low values of fields but decreases at high fields,
The reason for the decrease of incoherent lliorle
emission at high transverse magnetic fields is not
dearly understood.

However, the incoherent emission is ull(lesirab"~

and for accurate measurement of the magnetic
shift, the application of high magnetic field in
the transverse direction is preferred for increase
of coherent emission and decrease of inroherent
emission.

The conditions of doping necessary for obtaining
laser action and large linear diamagnetic shift of
peak lascr diode emission arc mutually exdusil'l'
and an optimum doping should be used as a com­
promise between the two,

Population inversion rcquired for initiating laSt'r
action can onl~' 1)(' obtained in forwanl biased,
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T.\BI.E 1 - C.-\IXllL,\TI·:n Y.\Ll'ES OF M:\l;XETJ(' Fn:t.D HEQlIIRED FOR AN OBSERV/\1!LE LASER E?J1SSION SJIlFr IN SOJl,IE
CUUUI' III-V CU;\IPOUNTlS

Sl'mi- .\pprux. ,':dlll'S "f Ht'<!ttrl'd .\pprox. Ill'ak ('missiun i\pprox.
.lllHhwting dkctin' mass from indin'd mass t'neTg~··. t'V. ll1t\gnctic field

group 111-\' JIll'aSUn'lIH'nts U!rfm ._--- n'qllircd for
, IlJl1PtJtIlHI~ 1·7'\-,:. 4'2"1,. a shift of peak

11.'/,'111 whIm laseT emission
h~r 10-' cV.

kilogauss

Ca.b 0'U6 0·50 0·53 1·4999 1·498 9·1
t;aSh 1)-(147 0·39 0·042 0·774 0·7736 7·224
Inl' 0·073 1),724 0·066 1·390 1·389 11·35

-Tht, apprllximak pl'ak 1'lIlis;-;iOIl I'Tlt'rg~' at tlll'St' low kmlwratuTt's has \)(,l'n l'akuJah'd (rol11 tht' known room kmpcratufC'
,'ahu's or tlw hand gap.

Conclusion

:\ccurat<- \'ahH's of l'ikcti,·,· Illass iu semiconduc­
turs ('an onl\' he obtained from direct ml'asun'menfs.
The mOst ,i'id,'''' used direct method of measure­
ment utilizes C\'C!otron resonance absorption whereas
the method of laser ,'mission shift is a I'egenera­
ti\'\' resonant radiation pron'ss. TIll' las('1' ('mission

.. line is \'('1'\' sharp as n'generativc narrowing of the
spel'lral width takes placc with increasing current
densities abo\'e threshold which is not the cast·
with ahsorption expl'riments. This gin's mono
accuran' in the nH'asurement uf the ('xael change
of band gap in a magndic field. For many of the
inll'nnl'lallic ,,'micondueling compounds and for
usual "ah,,'s of till' magnetic fil'id, the freql"'I1l'~' of
till' ('\'('Iotron resonann' absorption falls in the
infran'd and for some of the compounds, till' efred
is not at all notin'abl('. To ohtain pronounced and
morl' accurate results in thest' caSl'S, one ma\,
eitlH'r utilize lasers in cyclotron resonance ahsoq1­
tion l'xlll'riments as infrared generators which an:
capahlt, of delivering large outputs of high spectral
purit\·, or ohsel'\'e the sbift of peak last'r diodl'
emission in a magnetic field. Trausn'rse magnl,tic
fit'lds are preferred for greall'r iIllT"asl' of emission
intensit\· and an optimum doping sllould be used.
It is felt that tbe tl'nsor properties of til(' vrfectin'
mass can also he dell'rmilH'd hy ohserving the
magnitlJ(lto and lil1l'aril\' of the magnetic shift in
laser diodes for diffl'l'ent orientations of the magndi"
field. '1'1", method of laser emission shift is, how­
ewr, applicable onl~.. to direct band gap semi­
conductors, for indin'ct band gap s('miconductors
arc incapahlt· of supporting laser action. If lasl'r
l'mission could at all he obtainell in indirect band
gap semiconductors by using wry heav,\' dopings
where the 1\-sC'lection rule dOl'S not hold, still tlll'n
this ml'lhod will not be fruitful because of the
('xtn'nll'I~' small l'xpcckd magnl'lic sbift.

Summary

Tbe methods of m('asurenwnt of (·H('dive mass
of electrons and holes in semicondnc!ors arc bril'fl\'
n,,·iewed. The use of lasers is suggested f(;r

cyclotron resonance a hsorption experiments in large
band gap semiconductors. It is also shown that
studil's of the shift of peak coherent emission in
high magnetic field in laser diodes provides a direct
method of measnring the scalar effective mass and
this is exemplified with InAs and InSb. The effects
of magnetic field and doping on the laser diode
emission are discussed. The possibility of directly
determining the effective mass in GaAs, GaSb and
(nP, and also in semiconducting mixed solid solu­
tions is mentioned. This method is expected to
givl' lwtter results, though applicable only to direct
band gap semiconductors.

Acknowled~ement

'1'1", author is indebted to Prof. J. l\. Hhar for
his keen interest in the work and would also like
to thank Shri :\. B. Chakraborti for helpful
<lisCllssions.

References
I. Bl"HE. 1<. II., /)/lOlfl,'ondudi!'i/'y fJ/ sutid... {john \rilt·y &

S"ns In(',. :\,·w Yorkl, 1960. 2C4.
2. SMITH, H. :\.,.''':ouinwdll{/ors (CamLridgc Unin'rsity Pre:;:!',

Call1hridl('·). 1961. 228.
3. BUBE, H. J I., P/w/o{ouclurliuily (~( solids (john \Yiky &

Sons Inl'., l\'('\\, York), 1960,210.
-to SMITH, R..\ .. ."jl'1l1iroudurlur:i (CamlJridR(' t 'I1i\,('r~ii-y Fr('~s.

Cambridge). 1961. 125.
S. ~Ioss, T. S., S:\IITH. S. D. & TAYLOI~. J\:. \V" Adi'allas in

scm;nJJullldor sril'l1re (1'('rgamon l'n'Ss Ltd, London).
1959. 323.

6. SMITII, 1<, .\., S,'mi(ul1t1lfr/ol's (CallluridJ{(' Unin'rsity PrC'ss,
l'ilmbridl(l'), 1961. 332.

7. MEL~(;,IIJ.lS, I. & HEIlIKEH. H. II .. ..1(>(>1.1'11.1''<. l.ell., 2
119631, 202.

H. PIIEI..-\N, H. .I., C"",I\\'A, A. R.. HE))'KEI<, H. H., I'E\'ES,

1< . .1. '" LA". B., .·I""I.I'lIy.<. Lell., 3 (1963), 143.
9. S,\JlTH, H. A" Sem;n/JI(/"r'/fiI'S (Cambridge \'nin'rsity Pr('~'~,

l'ambridl(e). 1961. 227.
10. \1.lLEH, R. C., H\'AN. F. i\1. '" blTAGE, 1'. H.. UII;UXilil

shain l'!fa/,-> ill Kall;ff1l1 arsi'uide last"1' diodes, papt'T
prt.'~wnkd at till' Hadiiltin: ({('('(llllhillatit:n Symposium,
Paris. 1964.

II. blT,,,a,. 1'. H.,./. u(>!,I. 1'1;1'.' .. 36 (1965). 1408.
12. \-IELN(;.\lI.lS. I. . .. /(>(>1. 1'/,,1'.,. !-rll., 2 (I~631, 1i6.
13. Ih:H~:\RJ).:\1. (~.:\. &- ()t1jUFFOl'){(;, (;., /'/t\ ..... SIal ..'iulie/i,

• (1961). 699. .
14. l;,II.EE"EH, F. 1... \\'1<11;11'1', C. B.. 1,1<.";. \\'. E., <"leIST,

T. ~I..'( ZEIlOER. 11..1 .. 1''':\,.<. It,,·. l.ell .. 10 11%3). 472.

455







] SCI, 1\lll'STI<, HES" \'O!.. 2-1, SEI'TE\II\I':I< 1%.1

An efficient chelate laser material would be on"
in which the excitation energy reaches the ran'
earth ion with minimum loss, This requires that
the quantities ,4orr./A T:I and A4dA ,.,. mnst be vcr\,
small, In a nnmher of En chelates snch as tri­
and hexafiuoroacetyl acetonates, organic lumines­
cence concurrent with ion flnorescence i,; readill'
observed, In these compounds there is markeil
increase in these ratios which makes it more diffi­
cult to establi,;h a large population in I['\'e! 3_
Since the lasing condition is Na~ 1\'"

I\'a-Nz 1-1"'4
- "\'-0- - "" ,Va/No =-, - .. ,(10)

bW ,4 -:'t- c.~"

b ,-~ I + .4 a,:4',-",,,,
A"'"I,,4ol'a

.11'1'"c=l+
~;j--:;:;,

l-urther with two other conditiOlb, .4 :.f.1-r:1 ~ I
and A 3./WZ1 ~ I, it should be possible to maintain
the necessary populations in level 3,

To obtain a numerical estimate of IV", i,e, the
pump power requirement, one has to know tht,
values of the ratios Aa/A.,.,I and .1 1"1,/.1.,.:" Thc
valne of the first ratio can he obtained from thl'
decay constants of ion emission and organic phos­
phorescence, No i'xperimental determinations of
A TT, and A 1'3 are available, However, those com­
pounds which show strong organic phosphorescelH't',
Au ,/A '3 must be larger than those which do not.
This merely has the effect of increasing thi' pnmp
power requirements whenever phosphorescence Ot'­
curs, But if the lifetime of the phosphorescent statt'
is also large then this may act as a trap hy effectiveh'
preventing many molecules from participating in
the laser action, This cannot he compensated h\'
increased pump pO\\'['r. Whenever such a pOSSI­
bility arises th[' Spt'ctroscopic properties of the ion
i'mission alon(' arc not snfficient to determin('
whether or not a compound will act as a laser,
This restricts the class of chelates in \\-hich lasl'r
action can be attained,

In a highly interesting and detailed stll<h-,
Filipescu et apt have investigated the effect of
substituents on the ligand chromophore on intra­
molecular energy transfer in Eu and Tb diketonl'
chelates_ The effect of the substituent has been
assessed for each step involved between initial
absorption of pump energy to final emission hy
the metal ion in a dilute solution of the chelate in
EPA ,;olvent. The effect of substituent may mani­
fest in three ways: (1) by affecting the nature of the
absorbing chromophore, (2) by changing the degrel'
of overlap between metal-oxygen bond, and (3) b\­
introducing asymmetr~' in the em'ironnwnt of thl'
emitting ion,

Preparation of Rare Earth Chelates with
Improved Luminescence

These considerations suggest certain guiding rul,'s
for the preparation of chelait's of rare earth with
improved emitting characteristics, In general, two
approaches appear to be feasible: (1) using a suitahll'
ligand which will transfer its energy mor,' efficit'1ltlv
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to the l'milling ion and (2) l'nhancing tht, absorption
and fiuon'sn'nn' probabilities by suitabk rhanges in
the em'ironment of thl' emitting ion such that tlw
Laportl' forbiddl'n "f),,-'F. transition becoml's more
allowed,

Th,' tirst approach is basetl on the faet that tht,
I'ffici"11l:y of rarl' ('arth ion ('mission will increas"
with tlH~ effici,'nc\, of intralllokcular t'nerg\' transft'r
which, in tllrn, ;"ill bt, ,h\(' to bl'lll'r coilpling Iw­
tween thl' arrl'ptor and tht' donor moid\', In ordl'r
to minimize internal conversion it is drsirabll' to
protect the l'iectronic ('lll'rg~- rirh moid\' (polt'ntial
donor) from l'xtt'rnal p('rturbatiolls, This can Iw
dOlH' bv l'nelosillg it in a slwath whirh itsl'if is a
poor acceptor and tlwreh~' inslliates thl' donor (1)\'
acting as a bllffn) from lwt t,'r l'nl'rgy arcl'ptor in
its ('m'ironillent, The tht'ordical aSlwet of tlw
problem has bet'n discllssed hI' a numl)l'r of
workers2'-'4 :\ simple' eXlwrimcntal approach for
de\'doping this 'insulatillg sheath' for lanthanidt,
rhl'iate S\'sll'ms has bl'en disrussl'd 1)\- Ha"'('rson
d II/. 2',-27 __ '

In the caS(' of :;-dikdolw "'wlates lJf rare earth
metal ions, till' general formllia can bl' written ,!,

ML, when' M repn'st'nts the metal ion and L til('
ligand ion \\'hich is [;-diket011l' in thesl' cases, TIH'
ligand is directly attached to the central mdal ion
via the ox~'gen atoms, Thl' same ligand ion is also
the chromophore, Since thl' chromophon' is dircct"­
involved in the chdate blJnd, it can bl' r('[erred to
as a 'c1H'lating chromophorl" and ma\- be 1'1'­

pre,;ented as

"-[' c,
/ "[' W3

~C-t/
/

Thl' light absorbing power ran be rnhanced 1)\'
attaching unsaturated substitllrnts to the C-skdcton
so as to extc'nd thl' colljugated grouping_ In g('neral,
th(' rnerg\ le\'('ls of thl' chelating chroillophore will
be thl' same as thosl' of the [;-dikdonv l'nola1<'
ion_

The energ~' rich portion of ,ui exrited lanthanide
chelate consists of thl' clll'lating chromophore and
the clll'lated lanthanide ion, This is the Illoiet\'
which is to bl' wrapped in an insulating sheath,
Since the stored quanta arc in the visib'" or ultra­
violet region, the availahle energy k\'els in the
insulating sheath should be tn- remond from this
range, The sheath should he bulk\' to pre\'ent
the dose approach of likl' svstems, quenching im­
purities and llndesirable soh'ent components to the
l'nergy rich moid\', (;roupings which satisfl- the
l'1lergy re'luirements placed on the insulating sheath
inclucie saturated hvdrorarhons, fillorillalt'd and or
chlorinated hydroc;rhons, de. Sinn' the exterior
of the sheaths will dc!ermine solvent compatibility,
the soillte and the solvellt S\'stem cannot bt' chosl'n
independent of each other. '

Two ways in which this bulky inslliating sheath
can bt' attached to thl' chelating chromophorc­
lanthanide system arl': (1) substitution on the
c1wlating chromophorc and (2) the USt' of ap­
propriate ' sylH'rgic agl'nts '-
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Fig. 2 Slrlll'tlln' HI l:I/ Eu (art'l~'1 an·tollillt'h 4>. \"t'r~' In\\':
7,226 {l't'C. and (II} Ell (t1ipi\alo~'J111t'thidd:1 lq" 10'" hilt 20

pt'l" I ('Ill hight'l" than ill (al; :'. 310 ~L-;{·l·.

SII/;stilu!illll u/l. tlze (I/£'I(/til/~ dlTlllllOJ>lzore -
TIll' simplest chelating chromophore will 1)('
H.CO.c'H-CO.H, but this will be unstable. On
replaceml'nt of its terminal H by CH" we get
acetyl acctonate ion (Fig. 2a). This can represent
the start of an insulating sheath. But the mdhvl
groups an' not vcry' bulkv and, therl'fore, not vei':V'
,'fkctive. A considerable increase in the bulk can
bl' obtained by introducing tert-butvl group forming
dipil'alovlmcthide ion (Fig. 2b). When the tris­
chelate is formed, these tertiary butyl groups
appl'ar on the peripherv of a rather compact ball
like structure with the lanthanide ion at the cl'ntre.
From tlH' moil'cular models, it can Ill' visualil,ed
that tlll're may be still some spaC!.' for the' pendra­
tion bl' small molecules. Water may gil'e rise to
hydrates. I nslt"Hl of using rigid tertiary butyl
groups, long floppy alkyl chains can be substituted.
EI'en better insulation can be expl'e!ed from fluori­
nat,'d hnlrocarbons grouping such as trifluoronwth\'l
and pl'litafluorodhl·1. Thl'se may also dlange tfH'
,'nl'rgl' It'l'ds of the chromophon' bl' inductin'
,'ffeet.

lis£' of SVI/I'Y~i( a~l'Ilts in Ilze il/sllilltil/~ slzeatlz ­
TIlt' nl'utral chdall' contains three units of un i­
negatil'" ligand ion to tripositive metal ion. When
th,'S!' thrl'e ligands an' diket01ll's, there an' six
OXI'g('n atoms al'ailable for coordination to thl'
r;u:(' ('arth ions. Thl'rl' is ulIlsiderable "I'idem','
that the lanthanide ions prefer S('I','n or l'ight or
,'I·,'n nin,' oXI'gen atoms in tlll'ir coordination
:;ph,'n'''-:'''. In' manl' casl's this prl'fl'n'net' mal' Ill'
satisfi,'d hI' water moll'Cld,'s which pass ul1lil'tected.
This Iwhal'iour furnish,'s a means for compl<'ting
th,' insulating sllt'ath b:v' using appropriate
. SI'nergi" agents ':n,:". These an' IH'utral moll,­
cull'S such as triuctd phosphine oxide (TO PO)
which hal'(' good lon,' oXI'gen atoms for coordination
to the nll'lal ion. Combilll'd with bulb' saturatl'd
hnlnwarboil tail diri'e!l'd awa\' from thi, metal ion,
till'." form a 1"'1'1' good insubting sheath. Thes,'
can Ill' . houk,'d ' on to the nH'tal ion. In case of
th(' Eu ion, tilt' stabll' coordination number appl'ars
to hl' abuut eight. Thus tilt' n,'utral compound
Eu!." can attach two sl'1l1'rgic agent groups to gin'
Eul."S2 comph'x. For example, Eu(TF:\Cl:.(TOI'O).,
La(TTA),,(TBP)2' Th(HF'\c)aCrol 'O)2' Eu(H FACk
(IlHSO)., where TF:\C is trifluoroarl'l\'l arl'lonak:

HFAC, hexafluoroacetyl acetonate; TTA, theonyl
trifluoroacetonate; TBP, tributyl phosphate; DHSO,
dihexyl sulphoxide; and '1'01'0, trioctyl phosphine
oxide. Synergic agen ts of in terest . arc trialkyl
group V oxide, alkyl dialkyl phosphinates, dialkyl
alkyl phosphonates, trialk:v,1 phosphates and dialkyl
sulphoxides. -

It is believed that the presence of water molecules
roordinatpd to the metal ion is deleterious32 specially
in hydrogen-bonded solvents. The bond is relatively
strong, the number of vibrational quanta involved
for water to be an acceptor is only 5 or 6, and the
H-bondecl solvent is a good energy sink. Replace­
ment of H20 by ({3P = 0, where R is an alkyl
group, gives a weaker bond, the energy per 1'-0
vibrational quanta is a third as large, and energy
transfer to the rest of the molecule is not so good.
Hence this is a good synergic agent for an insulating
sheath.

The synergic ag('l1t may also contain a chromo­
phore provided it is protected in the same fashion
as the chelating chromophore. Thus sulphoxide
grouping in BHSO provides a chromophore absorb­
ing in the region 3000 A. This may also transfer
energy to the metal ion.

Two general techniques are employed for the
preparation of synergic agl'nt complex: (1) Lantha­
nide tris-chelate is mixed with dilute hydrocarbon
solution of the synergic agent, the ratio of ligand
to synergic agent being 2-4: 1; since the chelate is
insoluble in this solvent, reaction proceeds very
slowly at room temperature and it is difficult to
ohtain synergic agent-free complex. (2) An aqueous
solution of Eu3+ as nitrate is equilibrated with an
ether solution of chelating agent as free ligand or
NH. salt, plus synergic agent. Mole ratio of L to
S is fixed at 3: 2 and volume is adjusted to give
1: 3: 2 ratio for Eu"': L: S. The complex EuL3S2
is formed in quantitative yield and collects in ether
phase (amber oil, m.p. O°C). [Emission in the
region, 6100-6225 A. (5/)0-71'2); excitation, 2800­
3800 A.; and solvent, 3: 1 ethanol + methanol,
I: I methylcyclohexane-3-methylpentane.J

The usc of a synergic agent complex increases
the quantum efficiency by 3-10 and the lifetimes
by 1·5-2·5 times at room temperature, in a low
I'iscosity nwdium such as alcohol or hydrocarbon.
This in<licat"s considerahle improvement as a laser
material (Tahll' 1).

These synergic agents may be considered as a
special type of Lewis bases"'. Enhancement of
fluorescence :v'iekl has been observed by Kropp
ami Windsor"', on substitution of deuterium for
H in the chelating ligancl. Same purpose is aceom­
plislwd by Lewis bases31 . The nature of the atom
of the base having unshan'd electron pair is not
the determining factor. Tri-ethyl amine, tris­
n-but\'1 phosphatp or tri-ll-butyl phosphorothioate
in which donor atoms arc 1\, () and S respectively
are equalil' effective. Enhancement of fluorescence
is obsel'lwl in liquid, plastic and glassl' solutions of
Th, Eu and Sm chelates. Therdorc, this effect of
!.pwis hases has been explained as due to decreased
qllenching loss at the ligand and the ion sites as a
result of microscopic order and rigidity introduced
hI' these electron donors.

(J)(a)
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Relaxation Phenomenon & Chemical Kinetics In Chemically
Reactive Media

"\"ational I'hy:-;ie'aJ I.ahorator,'" \'ew Iklhi 12

I T is observed that acoustic absorption in fluids
is, in general, in excess of the value predicted
by the classical Stoke-Kirchhoff theoryl-a

Jeans' in 1916 suggested that this excess absorption
can be explained by assuming an energy transfer
from the external to the internal degrees of freedom
(thermal relaxation). Einstein 5 in 1920 gave a
theoretical treatment explaining the excess acoustic
absorption in nitrogen peroxide assuming an energy
transfer between the two re\'ersible molecular states
of nitrogen peroxide (chemical relaxation). The
idea has since been further developedG- 2'.

Relaxation Phenomenon

The passage of a sound wave involves a momen­
tary compression of the fluid which, in addition to
increasing the density, also produces an increase in
pressure because of an increase in the mean kinetic
energy of translation of the molecules. However,
as compared to the increase in density, the increase
in pressure does not occur instantaneously because
some of the extra energy of translation responsible
for the increase in pressure is always transferred to
the internal molecular states which require a finitl'
time to release the energy. After the densitv has
begun to decrease, the pressure goes on increasing
as the energy is transferred back from the internal
to the translational state. Thus, excess pressure
and excess density get out of phase, resulting in an
effective transformation of acoustic energy in to
heat corresponding to a dissipation of the sound
energy. For acoustic waves of a period far removed
from the relaxation time (which is a measure of the
time lag), the contribution to absorption due to
this cause is not very large, but for waves with a
period comparable to the relaxation time, this
phenomenon is fully effective and results in a large
acoustic absorption.

The mechanism of relaxation is generally con­
sidered to be of three types: (i) thermal, (ii) struc­
hirai, and (iii) chemical. Thermal relaxation has
been used to explain the observed excess absorption
in gases and in some liquids, structural relaxation
to explain the excess absorption in water and
chemical relaxation to account for the observed
absorption in certain chemically reactive media.
It is seen, however, that in most of the liquids, no
one single process is able to explain the observed
excess absorption; it is assumed to be til(' combined
effect of the various processes.

Chemical Relaxation and Kinetics of
Reactions

A chemically reactive medium consists of \'arions
constituents which are in equilibrium with each
other. If this equilibrium has significant sensitivitl'
to pressure or temperature, it is perturbed wlll'n it
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sound wa\'e is propagated throngh the mediulll.
In most cases of disturbance of equilibrium, pressure
variation is the predominant factor responsible for
the perturbation in the medium. However,
instantaneous equilibrium will not be realized
during the propagation of the sonnd wa \"l'S becauSl'
of the finite tillle required for the equilibrium to
be re-established after til(' S\'stelll has been pl'r­
turbed. As a result the density \'ariations within
the mediulll will be out of phase with the pressure
variations resulting iu relaxational absorption.

As an application of this pheuomenon, the rate
of reaction, the activation energy, the equilibrium
constant, the reaction heat ami the volume change
resulting from the chemical reaction can be calcu­
lated by measnring the velocity and absorption of
sound in the dynamic equilibrium system. The
determinatiou of rate constants of fast processes,
lying in the region of relaxation times 10-''-10-' sec.,
by ultrasonic relaxation technique is particularly
noteworthy because the kinetics of these fast pro­
cesses cannot be in\'estigated by the usual experi­
mental methods like nwasurenwnts of density,
index of refraction, condudi\"ity, adiabatic pressure
changes, temperature changes or rotation of the
plane of polarized light. In the investigation of
reactions with half tim,> less than 10-1 Sl't". spl'cial
techniques are n'quired to follow thl' reaction
dir('ctly afkr mixing the components.

The application of ultrasonic rela~ation tcchniqlH:
to measure fast reaction ratl's is, hOW('\Tr, limited
to cases in which tl)(' fn'qlH>ncies of ;lbsorption
ma~ima arc ('xperinll'ntally accessible and the
equilibrium constaut is Iwith('\" too large nor too
small, i.e. in which significant amounts of all the
components are preseut at l'quilibrium and til!'
ultrasonic absorption due to other causes such as
viseosity and thermal conduction is not so large as
to mask the relaxation absorption.

Another limitation of thl' ultrasonic relaxation
techuique ",hich is common to all tl"pes of rela~ation

measurements relates to the interpretation of
ultrasonic relaxation effeets in S\'stl'ms ",1)('1'1' sel'eral
processes occur simultanl'ousl\: having relaxation
times differing bv less than a factor of ten. Under
such circumstances it is difficult to assign a parti­
cular relaxation frequl'nc:-' or tinw to a gin>n pro­
cess because of coupling ('ffeets.

Theoretical Treatment

Theories regarding ultrasouic relaxational ab·
sorption in rl>lation to kindics of reactions hal"!'
been put forward bl' a numl)('r of \\·orkers·'-"".
In all these tn'atments equations al"<' deri\'('d rdat­
ing the sound absorption to the rela~ation time,
ph\'sico-chemical constants and tll!'nnod:-'namic con­
stants of the chemical read ion til!' rela~ation
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1 = :..d.(-=.Co.F) = _ dl0fS.(-~F)
l' il~ ilt

\\'h,'n,' ~F is the free energy difference per mole of
the prodncts and the reactants, d~/dt represents
the nl't reaction rate U, ~ representing the degree
of advancement of the reaction, and x a proportiona­
litv ['lctor characteristic of the system.

Using this \'alue of relaxation time in Hall's
trcatment", th,' c'luation for acoustic absorption
per wa \'elcngth is given as

( A) ~ 2..([,,,-[,,,, (,)1')
7. ," ;;--";'1, ,>c'+-(I-1- ;"?T'-)1/2(r<i+r,2--;;;21'2)lt'i

I 0 • I co I r'u (I)

1I'llcn' ['" and :'.. are the equilibrium and instantane­
ous values of thc adiabatic compressibility defined
in terms of the gcneral e'luilibrium l'quation.
Applying this treatment to the restricted case of a
chemie<tl reaction il1\'olving no volume change, the
l''Iuation for absorption per \\'avelength reduces to
the same form as obtained hI" Freedman.

Fa/mclli's treatmcnt - Tal)lil'hi'· has presented a
morl' general treatment than Freedman or Manes.
He has considered not only the change in the inter­
nal energv of the solution but also a change in its
volume lI'hile deriving an equation for the relaxa­
tion absorption of an acoustic wave passing through
a chemically reactive medium,

TI1(' relationships for the relaxation time, sound ve1o­
cit~, amI absorption per wavelength according to this
tn"ltment for thl' general equilibrinm eqUiltion are

I

and

lJ/' '('2:!I~ _! '1'.-1) 'T U1,v(Ll- +- Ilf(l)
An'l (lnV

q,C~.+C~ C~ (,>'1'2

?:'o (C~)2-+~ (C~ )',,>'1"

when' It, b,." are the stoichiometric coefficients
and ..-1, N"., the components of the reaction.
The relaxation time in terms of this equilibrium
l'quation is defined ;lS

1tO)1'(C\~.C; -(~~c7,)

c~~cf'l-c~c~ "i~2

II'hcre C;" c\~ are the equilibrium \'alues of the heat
capacities, raj" Cj') arc thl' contributions due to the
indi\'idual components to the heat capacity, V is
thl' volume of the solution, p is the density of the
:,,,Iutiou, '1',,1, '.'Q arc defined as:

IFA = (-ll.)D:'{/if.,lr.i/~1
./1.

and

'1" ( 1)"" I' I'() = ',""""'1./()d(l
j' (I I-

/ i,; tlte thermal expansion coefficient; fA, the acti­
"it)' coefficient of a component A; 2:, 2:, 2: signify

A Q I-
summations for the components on the left-han,l
,;idl', right-hand side and on both sides of the
general l''Juilibrium equation respectively; Vj, V"'II) I rU 1

k,

k ,
11.'/1 iJlJ+

j) I'~il~. (~II,),]-,
_ HI 11,

11'111'1'(' n, is till' nllIlJi)('r of lllO!<'S of til<' 1'(JlllpOrl<'nt
.~" Iii is till' total nnnll)['r of mo1<-s of thl' solu­
li(J1l illduding til(' soh'l'ut, 1"/' the ,'ontrihution of
thl' cl\('mical r"'I,·ti(Jn to til(' total Il<'at capacit\'
gi\TIl ~1~

lI'h('n' .~, n.'pn's('nts til<' compon"nts of til<' reaction
ilJld II; their stoichiometric coeffici('nt, II; being
;:rl'ater than zero if the COlllpolwnts arc produced
by til,' reaction and 1<-ss than zero if the components
an' consuIlled ill thl' reaction. Damkiihkr's
mdhod l3 as used in til(' casc of gases is emploH'd
in this gClll'ral equation to deriw thc cquation for
thl' excess acoustic' absorption.

The l'quation so lkrived for thl' excess acoustic
ilbsorption per \\'a\'l'iengtll (ry},) , rlUl' to til<' dll'mic:Ji
rcact jon j:-;

time in turn I)l'ing a function of composition, tem­
peraturl' alld rat<- of tlw fOrll'ard and the rl'\'('rsl'
n'actions.

Freedmall's treatll/clll Th is treatmen t 17 does not
takl' into considl'ration thl' \'(,Iunw change aCCOIll­
panying the c1l<'lllical reaction, In this case, a
1""Iwrai ,'quation for a cll<'mical reaction at equi­
lihrium is assunll'd to he of thl' t~'I)('

lI'b('n' c~'" C"', are the ellnilihrium y:JiIll'S of tilt' hl'at
capacities; "(", the ratio of the two hl'at ":lpacities
at e'lnilibrinm; 1'" and 1', t I\(' sound velocities at \'el'\'
lOll' and expniml'ntal fn'qllcllcil'S rl'spl'ct i\"'1\' ; "',
thl' angnlar frequ('IK\' of tl\(' sound \\,al"'s; 1', the
gross r",J('tioll rat<- of till' n"lctioll; lJ 'I factor d"filll'd
;I~

1" - lJN(j.fI)'
/' Itt

lI'here N is the uni\'('rs,t! gas constant; '1', the
alN)lutl, telllperatur(' of the medium; Co.H, the heat of

react ion; and C~, the contribution of tIll' indi\'idnal
compoJl('nts to till' 1I<"It c,lpacity gi\'('n as

(;~ - C~ i C;:
In thl' abo\'(' ('qnation for (~A)" till' krm Il/(J

h'lS till' dinwnsions of time and is called the relaxa­
tion time.. In terms of the measnred n,laxation
frl''1uencv and the heat capacities, it is given as

J) C~',.'

U 21t'J",((~~-C;,)

when' v'" is till' rdaxation fn''lllenn' !wrlilining to
maximum al.'Oustic absorption,

.'11anes treatmcnt - Manes'" has considered a gen,'­
ral l''luiJihrium "quation
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Spl'cilit' reaction ratt'STt'miL
"c.

10
IS
20
2S
30
35
~O

E'luil.
1'{)Jlstanl

0·06312
0·06S13
()'07346
0'07S9S
IH)S467
0'090S1
(J-O%63

'''orwanl
tlir('ction
Ii, X 10-"

St't -I

0·99
1·17
1·41
1·(,<)

1·9}
2·31
2·69

Barkwanl
din'ctinl1
1.'4\ / 10 6

sec: 1

H7
1·72
1·92
2·1 S
2·31
2·SS
2·7t)

(;nlSS

l'I'adill!1 rat!'
(. '/ lG"

l1\olt'litr,·- J

S('\',-I

1·1(, I
1-361
1-61 I
1·92 ~

2·1 XI
2-(,3 I
2,<)3 J

Ik;lt 01
n'iwtillll

(j,/1)
kCfll. Illolt·- I

:\di\'atjllll
,'!wrgy
forward

din'ctioll
Ii, al. lIlolt· I

where !{ is the Boltzmann constant; Ii, the Planck's
constant; b.Fj , the activation energv; and II), the
specific rate constant. The experimental activation
energies arc: nickd sulphate, 8,6; cobalt sulphak,
6,0; and magnesium sulphate, 6,5 kral.jmole. How­
el'er, in the case of magnesium sulphatt', \\'ilson:1•

obtains a somewhat higher experimental I'alue for
the activation energy, ., ,

Eigen40 has discussed the l1leChalllSIll 01 Ingh
speed ion reactions on the basis of Illeasurements
of absorption of ultrasonic \\'al'{'s in solutions in­
volving bimolecular n~actions, The rate constant
of the order 1010-1011 litre mole-' sec,-I e:"pected for
reactions il1\'olving H+ and (OH)- ions has 1)('en
observed experimentally in the case of aqu('OUS
solutions of ammonia and sulphuric acid indicating
that these systems undergoing h\'(lroh'sis il1\'oll'('
highlv penetrating H' and (OH)- ions, TIl<' n'­
action equations

:\II.,~ 11,0<" i'\11~'c(nll-

and

II,SO, .. 11,0 .. > IIS(', ' lip'
HS(), ,=dl' SLi"

have been assumed for tlll'St, s,'skms Oil the basis
of this arg-ument.

Tabuchi41, considering Karpol'ich's" rotational
isomerism model about the CoO bond for liquid
ethyl formate, has calculated the heat of reaction,
the activation energy, the equilibrium constant
and the rates of isomerization of ethyl formatl'
from the measurements of dispersion ;)f acoustic
vclocitv, The calculated vahll's 'JI'(~ sho\\'n in
Table 'z,

Krishnamurthy and Surayanarayana'3-<O haH'

studied the reaction rates in aqueous solutions of
magnesium acetate, calcium acetate, strontium
acetate, sulphur dioxide and nitrogen peroxide
undergoing h~"drolysis and dissociation reactions
using Tabuchi's theory. For aet'tates of ca1clUlll,
magnesium and strontium a dissociation reaction of
the type

M.I, -, :II;\, L,"­
:lL\+ '" :11"+,.\-

has been considered while in caSI~ of sulphur dioxide
and nitrogen peroxide, hydrolysis processcs

SO,-i-H,)-+ H,S113

Il,s<.>,<" H++HS(;"
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and
:\,( I., . 11,0 ., II i'\O, . 11:\( L,

II~(I,,'II' . A( ,

have heen assunH'd. The ealculat('d I'alu,'s of th,'
specitic rate constants and the partial Illolar I'olulll('
change for th,'St~ reactions in solutions of various
conc('Jltrations arc gil','n in Table 3. It is sceu
from th,' n'sults that Bri;nsted's rdati'JIlship'·,47

log-lo k_ 1 oc !J.I.:!

(\\'here I" is the ionic strl'\lgth of tl\(' solntiou) for
the ionic reactions in solutions is ohSt'l'\'ahle in
these cases indicating that tl\(' reaction is I)('t\\'c('ll
t\\'o ions of opposite sign.

In th(' caSt' of sulphur dioxide, 110\\,("'('1', Eig('n
<'t ai,'" hal',· eonsiden'd a OIH'-St<-p In'droll'sis n'·
action

"", II ,II , . II' II "., I"

in \\'hieh tl\(' tot;d "'111ilihrilllll adjustment of till'
reaction occurs \\'ithin I"ss than )()-. St'e. ,!<-pending
on H' ;l1HI HSO; conu'ntrations. Till' Sl}(,,'itic rat"
constants on this basis an' calculated to Ill' 3,4.< 10·
sec.-I and Zx 10" litn'mole- I St"'.-' in the forll';lrd and
haeklranl directions n'sp""til·,'II' at ZO'c. for an
ionic strength of 0,1 lllol" per litn' _. I'alu,'s c1os"
to those of Krishnamllrthy and Sln'l'anaral'ana,

Sh\('h('l' d III,''', attributing tl\(' rda:"ation ahsorp­
tion in the (;lse of potassium CI';lnid,' solntions to a
llwlroh'sis reaction of the typ"

I,CN-+I";" Cr\-

C:\-! II,O"'IIC:\ ""-

hal'" calcula!l'd the partial molar l'ohnlH' change,
specific rate constants and th,' elH'rgv of al'til'ation
for the pn}('('ss using Eigen's Illl'OI'\'. The l'ahll'S so
ohtailH'd an' giv('n in Tahle 4,

\\'e hav,' studied',lI-i.2 the fn'(' "IH'rgl' 01 al'til'ation,
tlw equilibrium constant, til<' heat of reaction
and the reaction rates for h~'drolysis and dissocia­
tion reactions taking place in aqueous solutions of
calcium a['('tat<-, I("lll 'Iel'lat<-, zinc ;I['('tatl', zinc
snlphatc and ael'lic acid using Freedman and
Tabuchi theories. The re;lction il1l'ol\'('d in zinc
acetate solution is suggested to be tl\(' formation
of an activated cOlllplex of the type

(CIIF'Il»),Zn! II,O;'oZn(CllaC'IlI),.II,()

This com pie:" dissociates \\'ith a rate constant II III

the form
Zn(CIl 3l'<)O),.II,(l-,Zn"-i·2(CII,C,)(lj- ill'., 0(;-
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T.\RI.E 3 IhTA FOK AQllEOllS SOJ.UTIO~S OF i\IAG!'i'ESIUM :\CETATE, CALCIUM ACETATE. STRONTIUM ACETi\TE. SULPHUR

DroXIPE .\:-\JJ Nrn<OGE:'\' PEROXIDE AT VARlOes C01"\C'E!,;TR:\TlOr\S (AFTERI<RISHSAMURTHY AKD SURYANARAYAKA43-4lt)

Compound

Call'iulll ;ltd;llt'

~trllntillll\ ;wdatt'

~lllphor(ltls ,wid

\itrollS acid

Tt'mp.
C.

2')

2')

29

28

28

COile.
moit'
litn·- l

0·30
0·25
0·20
0·15

0·30
0·25
0·20
0·15

0·30
0·25
0·20
0·15

0·100
0·050
0·025
0·0125

0·05
0·03
0·01
0·0025

Ionic Sp. rate constants Partial
strength molar

IL Forward Backward volume
1Il0Il'litn·-1 llircctinn diredion chang"

scc.- 1 Iitn' mole-I cm. 3 moI(·-1
scc.- 1

0·53 1·20x 10' 2·04 X 10' -1,6
0·46 1·36x 10' 2·30 X 10' -1,6
0·38 1·52 X 10' 2·58 X 10' -1,7
0·30 1·73 X 107 2·95 X 10' -1-8

0·52 0·90 X 10' 1·61 X 10' 6·6
0·45 0·99 X 107 1·77x10' 6·5
0·38 1·11 X 107 2·98x 10' 6·3
0·30 1·27 X 10' 2·27 X 10' 6'8

0·55 0·96 X 107 1·41 X 10' 5·4
0·48 1·06 X 107 1·55 X 10' 5·7
0'40 1·18;< 107 1·74x 10' 5·5
0·31 1·35 X 107 1·99 X 10' 6·5

0·38 8·31 X 10' 5·10 X 10' 76
0·024 10·56 X 10' 6·48 X 10' 60
0·015 11·35 X 10' 6·97 X 10' 60
0·009 11·47 X 10' 7·04 X 10' 65

0·056 9·55 X 10' 1·91 X 10'j
0·034 12·00x 10' HOxl0' ~ 39
0·012 19·00x 10' 3·79 X 10' I (mean vaItH')
0·004 25·60 X 10" 5·02 X 10'J

TAIH.E 4 --- I>.\T.\ rOJ( TilE HYIlROLYSIS I{E.\CTIOS OF

POT,\SSII'i\1 CV.\:";IOE .\T 2S·C. (,\FTER STtIEIIEH d al. 4
')

T.\BU': 5 !).\T.\ F(J~ TilE .\CTl\',\TIO:"; I~I':,\(,TI():\S I:";

.\~~(·EOI·S SO!.llTIO:";S (IV ZIXC ;\(,I':T:\1'1-: ,\XU :\CETIC .\nll

{.\FTEH 1'.\SCIIOI.Y .\NU SISC;,\I."" !"'~l

2('H,COOlI) "" (CI-I,COOl'I),

is responsible for relaxational absorption is sup­
ported. For zinc sulphate a one-step dissociation
reaction

For acetic acid tIl(' view that a monomer-dimer
reaction

ZnSO. "" Zn" +Scr
is considered and for aqueous solutions of calcium
acctatt' and lead acetate a reaction scheme of the
tVpl'

MA,->MA'+A­

~'A+ "" M"+i\-

is assumed to cause the excess acoustic absorption.
The calculated values of the physico-chemical con­
stants and the reaction rates are given in Tables 5
and 6. It is seen that the values of these constants
as obtained from other sources agree reasonably
with the present values.

Valleau and Turner"" have studied volume
changes, stoichiometric quotients, activation energy
and rate constants of the chloride complexes of
cadmium bv taking measurements of ultrasonic
absorption and velocity between 13 and 143 mc/s.
at 16°, 25" and 35°C. of O·25M aqueous solutions
of cadmium ions containing various amounts of
hydrochloric acid, using' Valleau's extension"'l of
Eigen-Tamm theory.

In the cadmium-chloride svstem there occur the
following four association n'a~tions:

CC:"+CI-"" CdC!' (w)
CtlCl+ +CI- "" CdCI, (.T)

CtlCI, -i CI- "" ('dCI; (.I')
('dCl:; , n- ",. ('ocr I·:)

Hal,'
l'IHlstal:t

in till'
f()rwanl

flirl'cti(HI
II, Y 10"

St'l',-l

rH8
13'76

i ~'~O

5·12
l6'61

f2'26
2'63

i 3·05
3·52

l ~'XI

3,8' 10"
3·(, '< 10'

Bal'kwanl
direction

litre 11101('-1
S('C,-l

Fn't'
al'ti\'atilill

(':::,';I:,T.-'·
Illllk I

.\·2

Sp, r,ltl' constants

Forward
dirt'dion

s,'c- 1

[5·3,' 10'
"\.5·0 v 10'

0,'

r01l1'.

lIlolt·
litn· 1

.5,25

(,!2

.\\·ti\·ati\)11
l'lH'rg"y for
till' proCl'ss
11(':\ '·'111'
->II ..ll , ('I"

1{l'al.- 111011- 1

2')3 I
2'181
303 r
.108 1
.118 J

2'131
29M I
303 r
308 I
318 J

'1'1'1111"
1\

12'~

l'arUal
molar

UIIIlIl1l'

chang"\'
\'111.:1 11101,··1

O'O'}
0·05

rOIlC

11101{·
Iiln·· 1

Zitlt ;H'dak
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Occurrence of Acetylene Compounds In Medicinal Plants'"

KAJ<I. ERNST SCIII·I.TI·:

TABl.E 1 l'I.:\:,n FAMII.IES J:\ \\'lIleU :\CETYLI';:\E

CO~tPOUNJ)S IIAVE BI~E:\' Fou:-.;p TO OcellK

Thl' infrared spectra permit idmtilication of
fnnctional groups, allene' anel vinyl structnres a­
lI"ell as cis- and tralls-confignrations of tlH: ethl·­
lene bond. Studies of nnc1('ar magnetic n'Son;IIH'I'
spectra mal· he el1\·isag,'d as an important toni
for the dncidation of the strnrtnre of acetylene
compounds.

Partial or complete hy<.lrogenation and identific;l­
tion hI· gas chromatography of the products ohtained
hal·e also Iwen nsed with alll·antage. Howen'r,
the final proof of the Stmctlln' can only he prol·ided
hy synthesis.

Of the acetylene c0mponnds found so far, more
than one half were fonnd in higher plants (Angio­
spermae). They belong largely to the family
Compositae. Other plant families in which acetdenl'
compounds have been fonnd an' given in Table I.

A minor I;roup of acctl·I"11e componnds also
occurs in the seed-fat of some tropical trees.
They arc some CIS acids which arc esterified lI"ith
glycerol and occur in amounts up to 80 per cent
in the oils. Some of these acids are gil·en in
Table 2.

A third group of natural acetylene compounds
lI"as found in culture fluids of 10ll"er plants. Their
discovery was made durinl; the systematic sl'arch
for antibiotically active substances.

In the present report not all the acetylene C0111­

pounds found in nature are discussed hnt on11·
such cases are indmkd II"hich an· of pharmaceutical
interest (Tahle 3).

A drug prel·iously often employed in European
medical practice is J<ltizollla gralllinis. The drug
contains approximately 0·05-0,06 per cent of an
essential oil of a characteristical somewhat sll"eet
odour. From this oil Treibsl7 II·as ahle to isobte
a strongly unsatnrated compound which he descrihed
as agropyrene. This compound II·as at first assigned
the stTllcture of a l-phenyl-2-hexene-4-~'ne. How­
ever, the svnthetic ':ompound possesses different
properties Uian thl' natural snbstance. Finally, in

VI) to about twenty years ago acetylene com­
pounds were considered to be accessible hI·
synthesis only, except tariric acid, an isomer

of stearolic acid, which had been found to occur
in nature in 1892 bv Arnaud'. This acid remained
for a long time a single observation. Then, in
1933, carlina oxide which at the heginning of this
century had been isolated from the silver thistle
by Semmler2 was recognizeel as acetylene <.lerivativea.
Another substance occurring in nature and contain­
ing an acetylene bond was discovered in 1935 hI·
Russian scientists· in the essential oil of the com­
posite plant, Lachnophyllum gossypinmn. This find­
ing, quite unusual at that time, remained uncon­
firmed, until in 1941 Sorensen and Stene5 found
also in the essential oil of the odourless camomile
(Matricaria inodorn) the methyl ester of an alkyne
carboxylic acid. The results of plant chemistry of
the following years, particularly since 1950, led to
the surprising realization that acetylene compounds
occur in plants more frequently. In the meantime
more than 150 acetylene compounds have been
isolated6,7 and undoubtedly the number of these
compounds will increase. Up to now only a fraction
of higher and lower plant families has been searclH.'d
for from this viewpoint. The reason that the
discovery of natural acetylenes took place so late
maybe attributed to the fact that these compounds
are frequently present in plants in small concen­
trations only. For their isolation lengthy work-up
procedures are necessary which become even more
difficult in so far as frequently several chemically
similar compounds occur simultaneously. Separa­
tion of all these compounds becomes possible only
through careful chromatography or counter-current
distribution.

Furthermore, purification is rendered more diffi­
cult by the partially poor ability of the acetylene
compounds to crystallize and their great tendency
to polymerize. The latter is catalysed by light
and takes place faster in the solid state than in
solution.

Ultraviolet spectra of these compounds arc ven·
characteristic and are of importance for proof and
elucidation of structure. The spectra of polyynes
and en-polyynes are marked by several sharp
maxima and may be differentiated from the ab­
sorption curves of polyenes by the determination
of band distances. The wavenumber difference of
polyenes amounts to about 1500 cm:· I , while that
of the polyynes and en-polyyncs is approximate­
Iv 2000 cm.- I . The evaluation of the ultraviolet
spectra generally permits to recognize the chromo­
phoric system of polymes so that often an oxida­
tin~ degradation of the substance can h"
al·oided.

*Papcr presented at the 15th Congress (If t1w lndi:lll
Pharm:wl'utical Society held at Pilani. 1)e('('l1\bcr 1963.
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~nll"l.TE: ()C(TI(HE\CE (IF .\CETYLE\E CO\II'UUi'\\lS I~ \IEDICI:-<AL PL\l\TS

TABLE 2 .\n·:TYLE;-':E C.\~IHlXYl.lC .\nlls ISOI.ATEIl FRO:'>! TilE SEEn·FAT OF So"n: TtWPIC:\L TREES

("'IIJlptllll1d Structure Il1vcstigatofs

Taririt.: acid
~il1ll"Tl\'nic acid

(sallt;;Il,j\' acid)
X·Hnlnlx\·xiJlll'Il\"IIit'
;H:i~I' .

(",ani<' arid (l'n'thrllgt,'llit'
acid) -

Isal10lic ;ll'id

I~tlle('i(' at:id
I )ihnlroholl't,;i ...' ;It"id
(;orl(' ;H:id

( h:tadl'1"a-/nllls-tl.
Irall.\·13-dit'Il-9-nlOi('
;,cid .

II,C ~(CII,}", C.C (CII,),-COOI-I
11,,( -«'11,1. CII CI-I-C ( ICI-I,l,-COOI-I

11,.(" (CII,I:, nl CII L C CII - (CI-I,I, -COOI-I
I
011

II,C nl (ell,)., C C C C -(CI-I,I,-(OOIl

IL,C - 1C",), CII -CII- C C C C· CI-I, - CH -(ell,), --COOII
I

01-1
II,C~CII (ClI,),' CH CH -(C('),-(CII,),-COOII
II,C -«'1-1,), -CII ~CI-I -(e. -('),-(CI-I,),-COOII
II,C-.CII- «,II,), -CII.- CH -(C- C),-CH -(CH,),-COOI-I

I
011

II"C ICII,)" CII CII CII CII C,-.C-(CI-I,),_·(OOI-l

A. :\rnaud l

S. P. Ligthelm and H. ~I.

Schwartz ll

S. P. Ligthclm"

:\. Sieger anti J. van Loon 10

.-\. Castille1l

H. P. Kaufmann l'I al. l :!.

:\. St..'hcrl:l

E. \1. \Icado"
H. H. Hatt el "I."
H. P. Kaufmann rl al.'~

H. H. Hatt rf ,,/1'

~.\Tt'I<:\LLY ()cCUUUIX(; ACI.·;TYJ.EXE ('(J~II'IHJXIIS

OF l'IIAJOIACI·;UTICAJ. \'AJ.tlE

Capillin C,/I,.C.C:C C,LCIL,
11

() Capi/lorin

m

InH'stig-alflrs

,. Ln,wrmiln­
"Cra(l.\' f'f al. U

H. Harndill!f
J\. IlI1ai:!o

~tnlCtUJT

T.\BI.E .1

1·\'hen,",- C,II,.CII,.C1I: CH.C : c.ell"
2-ht'x~IH'-
4-\"1H:

.\git1P~Tl'tH· C,flr•.Cf 't·C: C (': C.CII:J
(rapillen)

('(llllpound

For carlina oxide isolated from the e~sential

oil of carline thistle (Eberwurz) (Carlina aealtlis)
b~' Semmler2 70 years ago, an allene structure (V)
\\'as first of all postulated. This, however, could
not he proved by synthesis. Only later il1\'estiga­
tions by Gilman et aP led to the correct structure of
l-phen~'1-3-furyl-2-propyne (VI). The synthesis of
the latter was carried out da various ways by Pfau
et al. 25 in 1935 as well as by Paul2• in 1936.

In another Carlina species (Carlina tJ'ulgaris)
occurring in Norway, Sorensen and Sorensen27

disco\wed a C13-en-triynediene alcohol as acetate.
Shattebi.il and Sorensen's succeeded in cydysing

in vitro the terminal dienyne structure to a phenyl
rin~. The question remains open whether this
conversion of an unsaturated aliphatic compound
into an aromatic one takes place in the cell as well.
This conversion is discussed in the hiochemistry for
shikimic and prephenic acids.

Jones et aP" could prepare an isocarlina oxide
from phendendiynol. One should expect that car­
lina oxide should be accessihle from isocarlina
oxide via an intermediate having allene structure.

1959, in a joint investif;ation by Cymennan-Craig
<'I al.l~ the stmelnn' of a l-phenyl-2,4-hexadiyne was
l'stahlished hy S\'ntill'sis as that of agropyn'IH'.
This hnlrocarbon was found to be identical with
, capillt'n' isolated from .·lrll'lIli~il/ ..apillaris by
:\rima and Okamoto'! in 1930. The struelure of
, capillen ' has been l'stahlislH'd in 1954 bl' Harada '".
In the presence of atmospheric oX~'gen: capillen is
cOl1\wted In' antoxidatiun and light to l-phrn~'I­

2,4-hexadiyne-I-olll', the laller (wing also isolated
from ,·lrlelllisill ({{pi//aris and called capillin Ill'
Imai'". Capillin is marked 1)\, an intense fungi­
cidal action hilt it is too toxic to lind a therapentical
application.

!'ht'I1\'II\('xl'nvlH' has Iwen found bv ]{nssian
scientists in "~rtl'lIIisia scapI/ria. 1-l'heni'I-2,4-hexa­
dimc-I-ol was discowrrd as ac('(ate (I) in Chrysan­
1111'11111111 jrllil'srl'lls Ill' Bohlmann and ],leine" in
1962.

I'hendpentarli~'IH' (l I) conld be identified as a
,·onstit, ...nt ocnlrring along \I·ith capillen. :\\so,
the corresponding kl'tone (Ill) occnrs in a Chn'san­
themum species. Furthermon', .Iapan('se'3· dis­
cOI"l'ft'd capillarin (IV). an alkl'nyl (It-ril'atin' of
coumarin, in A rit'lllisill I'apil/aris: .

Homolog-ues of agropIH'IH' \len' found 1)\, Son'nsen
and Siirensen" in ('on:opsis spl'cit's, for Instance, a
l·plll'ndIH·ptadiynl' and a I-phl'nylhl'ptatrinll' asidl'
frolll ;t1iphatic (',:I'\'!\(' I)\·drocarbons.

v VI
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Oc'~ O-CH=CH.COOH .....0-1 CH~CHo ~ 0 0 Z

o !
0- ~ CZH SMgBr 0-

o C"C'CH~ 'arCH CHI C"CH
Z 6 S 0

(A) (8)

Chart l-.Schcmcs for the synthesis of carlina oxide: t.\) synthesis due to I'fall d al.~;'; and (g) I'au!':-- :-,ynthesis

It is also an open problem whether the synthesis of
the furan ring proceeds in a manner' indicated
above,

Other furyl alkynes ha\'e been isolated too, (',~,

1-(2'-furyl)-I,7-nonadiene-3,5-diyne:lO (VII) and
l-dlhydrofuryl-l-nonene-3,5,7-triyne'" (VII I).

Schmidt-Thome"" was able to show that the root
extract of Eberwurz possesses a vigorous bacterio­
static action on gram-positive bacteria and that
carlina oxide alone is associated with the antibiotic
properties. In the animal experiments, howe\'er
car~ina, oxide ,proved to be too toxic, a property
whIch It has III common with many of the alk\'IW
compounds found. ' ,

Thus, the toxic principles of Ciellia 1Iirosa, Oellantltt'
cror;ala and Aethllsa c)'lla.pi'lI'11l ,,'cre recognized,
theIr structures clarified Cfable 4) and the synthesis
carried out by Lythgoe and coworkers""". as well
as by Bohlmann and Viehe:l7.

vn

Atroctylodin

VIll

In Scandina \'ian countries M II/ricarill illodortl is
used in popular mcdicine in a manner similar to
Ma/riearill (Iiamoll/illa in Mirldk Europe, Sorellsen
and Skne:' who investif;ated ill 1'.141 this plant for
its content:, of matricaria camphor found tht, matri­
caria estl'r (Tahlc 5), ,\s nlt'ntionetlearlier, Russian
chemists' pn'\'iolls\\- had disco\'ered the lachno­
I'hylluIll ('stt'r in th~, I'ssential oil of Lllc/mopltylllt1J1
gossyj>illllm, Hotlt thc stl'llcture of matricaria ester
as well as that of Iachnophyllul11 ,'ster ha\'c IWe'n
firmly establishl'd by synthesis; most of the time
the~' occur jointl~' in (omposita,', This is also true
of stereoisomers, like cis-/ralls matricaria ,'ster
and cis-trailS lachnophyllulll ester. The latter was
also found in roots of Bellis j>acnuis bl' Holmr
and Sorensen"", Their occurrence in 40 other
species of Compositae which an' perhaps of Icss
pharmaceutical interest has been prO\TIl.

Also eis-deh\'<lrolllatricaria estt-r was found in
Arl<'1ll.isia 1I1IL.~aris:I9, and /rtlns-dehydrolllatricaria
ester in the root of j\{a/rifllria inodnra4

", Both
substances occur also in ,1 cltil/NI mil/l1'o!iulIl:"'.
Cis-dihydromatricaria "SiN was isola led, among
sC\'cral plants, from SoHdll,!;o SI'1Ilj>l'Yl'irClls·\o. anrl
dehl'dromatriraria acid i.soIHltl·!amide from .. lell/Hca
j>11l;micll'" CLlhk 5). '

Closely relatt-e! to tllt' (' III esll'rs is till' (' III alcohol,
matriciarianol, whirh has ken isolated Irom some
COlllpositae in which it is pn'St'nt as estt-r.

:\ primar~' CIO alcohol conlainin~ J arch'I"Ill'
and 1 dlll'lene bonds and l'orn'sponc1ing to ,khnlro,
m;ltricaria est"r orcnrs in various Matril':lria s'ler'it"
like Matricarill e/llIlJ/o'li/i//a, according to Christt-n­
~f·n1fo.

TABLE 4 -- TOXIC PHI~CIPLES ISOI.ATEIl FnO:".l Cic"la i'irOSff, Otlllll1thi' tr/l({/Ia~fl.:; .\:'\11 .·ld/l/l.~u /TJ!(lpilllll

Compound

Cicutoxint
Cicutolt
Ocnanthotoxint
Ocnanthcto1 t
Ocnanthctonct
Aethusillt
Acthusanol At
Acthusanol Ht
.\ethusin l'puxide:

.\ethus~lt{ll I; l'p()xid{'~

Slruclul-C

IIOCH, -(CH,), - {C ,'('.),,, (('Il ..CIl),. - -CIl(OlT) - C,.! I,
l'IOCH,-(ClT,l,-(C: ,q,-(Cli CII)"-C,,Il,
1l0CI-t,-CIl~CII-(C;-:q,-(ClkCll),-(ClI,), 'CII(OIl) ("II,
HOCIJ,-Cl-f=CII-(C=£).-(C1I- ClI)" -C,II,.,
Il,,~-~I'hCH-(c:--,C),-{C11=C1I),-(ClI),- t'O - (,)1,
H"C-C11 ~CH -(C:...C),-(CII-.CHIt -C.,II"
H"C-CII~"CH-(C:C),-CII=CII-CII(OIl) --C"II,
I,IOCH; ,-CII =CH - (C. :C), -(CII-CII), -C,II:,
(.I t, -CII ;,CII- ICC), - CII ., ell .. ell -('11-(',11:,

II
ItOUI, ('II" r11 ((' ('), CII-('II -Cl\ -{'II {',II"

" /o
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contains 3 acetylene and 2 ethylene bonds in conju­
gation. This means that allene-acetylene rearrange­
ment has taken place which is accompanied hy a
simultaneous decrease of antibiotic activity toward
Mycobacteriu·/II. tuberculosis.

From culture fluids of various 13asic1iomvcetes
a mixture containing acetylenes having antibiotic
activity was isolated which could be characterized
by Bu'Lock et al. 511 Cfable 6). The mixture con­
sists of an unsaturated ClI acid, I1l'JI1otinic acid,
th,~ corresponding lactone nemotin, and the un­
saturated (12 acid, odyssic acid and its correspond­
ing lactoue odyssin. These 4 substances contain
likewise the allene bond aside from acetl"1ene and
ethylene bonds. Like mycomvcin they' arc un­
stable and optically active. According to Bu'Lock
and Gregory63, nemotinic acid is present as glyco­
side.

From culture fluitls of fungw; Poly/'oYlfs lIu/hracu­
philus seventeen (to acetylene compounds wen'
isolated by Bu'Lock et lilY. Of these compounds
13 were structurally elucidated. They arc partially
identical or similar in structure with cOJl1pounds
isolated from Compositae.

The antibiotics isolated from the culture fluid of
Agrocybe d'ura are derived from a C8 acid. Bu'Lock
and coworkers"" proved for agrocyhin the structure
of an amide of 8-hydroxy-2,4,6-octatriynoic acict
which was also svnthesized. Anchel60 isolated from
culture fluicts of Clitocybe diatr~ta two acetylelw
compounds, namely diatretyne I ami diatrdylw [I.

DiatretVlw [ is th,' s(,illiamidl' of a dicarbon'lic
acid. !)iatretl'ne II Iwars a nitrile group inst~ad
of an amid,,' group. Both substances were s"n­
thesizeel. (Jnly DiatretVI1l' I [ posse'ss,'s antihiotic
activity.

These e'xamplcs lIlal' suffice to show the multi­
plicity of polyacetylelws occurring in nature. Not
onl\' hl'drocarbons of diff('r('nt degree of saturation
La,"e lieen foune! but also those with aromatic or
heterocn'lic substituents, lih poh'ac('tyle'IH'S carry­
in~ various functional groups.

For som(' tinw w,' have bern inl'estit:ating I!ledi­
('inal plants whose constitll('nts being responsible for
the pharmacological action ar(' still unknown. To
these plants belongs AmiCI! 'mon/ana, a classical
medicinal plant, which fr('quentll' bas been th,'
subject of investigations.

Through pharmacological inv('stigations bv For,[
and )Jaunyn-Schmirddlt'rgs6.\ a strong effect on
heart and circulation in rabbits and cats was fonnd
upon par~nt,'ral application of aqueous and ako­
holic extracts of th!' flol\'ers of A. Ill'm/ewa. This
eff!'ct GlIlnot sole'lv be caused bv choline which
occurs in dry no\','ej-s to thl' extent' of about ()., per
cent. According to Forst, the drug must still
contain two I11 0 !'l' nnknown substauces I\'hich
influenc(' the circulation. On!' of them has a toxic
!'ffect on the beart and can be ('xtracted with petro­
leum etber. The other cornpe.H1ntl is I'en' unstable
and exercises a marked blood pr!'ssure increasing
action.

TABLE 6 -- ANTJBIOTlC SUUSTANCE~ IS::H.ATEIJ FRO~I TilE ('lJr.Ttll~1<: FI.\·I])~ OF :\1I<..:RUORGAKISi\lS
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Compound
i.alated

~1.ycoll1ycin

Isomycolllycin

Ncmotink acid
NCl110tin

()ilyssic acid
OJy..in

:\gnwyhin

Uiatrt'tyllC 1
Diatretync 1I

Structure

FRO:'l.l CULTURE FLUIDS OF Slrl'/'lolJly((' .... rllihcallsis

IIC C-C C-CH ~~C=CH -CII =CH- CJ 1~ CH -CII, -- COOII
H,C-C C-C(,-C C-CH=CII-CII=(,H -('II, -('0011

FHO.'I CULTURE FLUIDS OF VAIHOUS VARIETIES OF HASIIlIO:\IYCE'H.S

HC C-C C-CH~,C=C!I-CH(OIl)-CH2-CII,-COOII

HC C-C" C-nI~C=CH--CH-CII,·CH,
I I
0-----·- C=O

H,C-(C- C),-CH=C=CH -CH(OH) -CH,·-CII, C(lOIl
H,C-(CC),-CH =C=CH -CII-CH, -·CH,

I I
(' ---.-- ... - ('0

FH.o:\1 CULTURE I'LlJfl)S OF Pr!I."po,.It.~ tfJllhruttlpI/ifll,'

HO()C-CH=CH-CC -C-C-CH =CII - ('()Oll
tra.ns 11'1111 ...

H3C-CH=CH-C C-·C C-CH=CII-COOII
H,C-CH =CH --C ·'C-C C·-CH ,=CH CI-I.,OIl
HOOC-CH=CI-l-C C-C C-CI-lo--·C!I..":C()OII
HOCH, -CH,-CH, -C C-CC-t'H -~ci-I-·COOH

FI{O~I CllLTUIU.~ FLUIDS OF .".~J'd(\"'" dllra

1-10('1'1,-(; C--C C-C C-CO:-ill,

FROM CULTunE FLUIIJS OF Clilrlrylw dialrrla.

HOOC-CH =CH -c. C -CC-CONII.,
HOOC-CH =CI-I-C C-C_C-C N -

\V II. Cellllt'r <tlld
I .\. SO\OIllOIlS$r,

I D. DlI'!.ockda!.:'l'

.I,D, HII'LnckdaJ.(,j

\1. ;\1lt'h\'la~

\1 ..\ nclu:l'ill
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\othing is knowp about the chemical properties
of these suhstances, except for the presnmption
supported h~' different ohsen'crs that they seem to
be very unstable.

\\'e 'haH ill\Tstigated this drug once more and
focused our attention at lirst on the f'(Jot 65

-
G7

.

Ih ''x traction of air-dry :\rnica roots with pelrolenm
"t'her r:r pentane (ncJnding light and ox\'gen as
far :1S possib!l'), an ('xtract has !It'''n obtain{'(l
which on chromatography yields a mi.xture of
pol\,acl'l\'!l'Ill''; in all amount of 0·2 per ",'nt of till'
petro!l'nin dlll'i' ,'xtraet.I','!wtition of the chro­
matographic procedure IIsing J!elltane-benzent· mix­
Inn's on alumina six different polyacd\'!l'nes han'

been sej)arated; probably two more are pre;,ent.
Mamtam\l1g an atmosphere of nitrogen and a care­
ful application of the chromatographic procedure
are prerequisites for success.

Fur comparison, fresh roots of Arnica foliosa and
.4 rn£ca lOllgifolia were treated in the same manner.
Howel'CJ', on II' a few plants of this material were
at our disposal. As can be seen from Table 7, the
polyynes found in the three Arnica species are not
the same in every case.

The structure of the 4100-compound which re­
presents the larger part of the mixture could be
elncidated relatively fast (Fig. tA), The compound
i,; a (1:' hydrocarbon, tri-t-clecen-3,S,7,9,tt-pentay!1l'.

'1"\1:1.1': 7 . IJ()J.Y.H·I·:TYI.I~:\'I':"" .\:x'D ('lIRO)lnI'IIOI{l<:~ OCCURRI:"G IN ./ruira mOlltal1a, .1. !oliosa ANn ..J. IOllgljolia

.\1'

romp'llliel Occurrence in, °;1
, ._.A- ---,

.-1. IWHl/~wa .-1. folinsa ,-'. long/julia

{IOU
39U5
{020
3985

3760
383U
3630
3540

UI,,-(C C),-('II-.UI,
('II,-CH=CI-l-(C Cli' ('1·1 .('11,
CII,-(C C),-CO -CII"
- IC C), -CO - or
-CII=C1I-(C C),-ClhCI-I
-ClhCI-I -(C C),,'--

3830-compcHlnti (unknown)
3fl30·col11}>ouncl (unknown)
3540-('oIllPOlllld (unknown)

Hl
· :0·]

0,]

<0·3

· :0,3

· :0·3

+
I
I

-1

-\-

-I­
+
-1

+

*ChrOJllDpllon'.

250 350 1,501,50

8 C
2

0 \-1

350 I, SO 250 350 4SO

E F
1-6

1·2

0·8

0·1,

350250

\
250 350 I, 50

o

-1

A,mp

Fi.~. 1 - {"!tr<l\'jold :dls'lrplioll l'un'('" of the rOl1\p(lllll(\S isolated from .,Jrll;({l. /HOI/IUI/U (:\-E) and ,-I. fldios.a (F)
.\, .HOD-compound ill petroleulll \'lhn; Jl, 4020-ctllllpound in pentane; C, 3905-colll]>ound in pentane: D, 3985-compound

in p:nLtlH': E. 3760-1"IIllP(lutld ill pl'lltanv t'olltaining 1 per ((..'nt hl'IlZCIlC: and l~, 3830-colllpollnd in pdr()lclllll etherj
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TABLE <) - l'OLYACETYLE:-.iES isOLATED FI<01ll PULICAIOA

SPECIES A:"-:U TIIEIH I'LTJ~AVIOLET SPECTKAL DATA

[1<. I·:. SCI!l;LTE ('/ al."'[

(l'ltra\'illkt maxilllulll was n'cordnl in thl' long wavl' fpgion)

i.lllax . !l/llirtlri,t

tlVSI'JI- IJlf!.~(/ri-" od"ra Ifligiu. ... iot!.
11'1';10

3905 1- * +
{015 '1- * +
{IOO -f * + + + r
3985 ~*

3825 1- -L

2005 1
3755 1- *
3545 + + +
2635 ./-
3890 +

*Abo isolated from ,"' I'll ira 1/1Ol1lal1(1.

A B
0·2 0·'

0 r, 0...
'".£ ~-0·5

-0'5 .p\ I\f~ f
-O·g • V-J")

200 JOO 400 200 JOO 400

",m,u

Fig. 2 - {"ltraviokt ahsorplioll sp('ctra of (A) 3125- and
3110·compoulHls isolakd from (;I'iHr/dia l'olmsta; and (B)
34S0-compolilld and iSlJlllycomycill isolakd from '{agelt's

I'I'l'r/a

pound (hydrocarbon) has becn found by US'4. The
same hydrocarbon occurs also in the root of Ricinus
com11lunis'·. The overground parts of this plant,
however, contain the lrans-dehydromatricaria ester
Crable 10).

Surprising was it for US'6 to find also in green
sprouts of wheat, polyacetylenes, namely the 3950­
compound, in a later investigation the 3910-com­
pound, and in smaller amounts a 3830-compound,
while the underground parts again contained the
41 DO-hydrocarbon.

While the alkynes described so far were extracted
frolll the plant material with petroleum ether, we'H
were able to isolate from Tageles erecla a poly­
acetylene soluble in water-methanol, which could
be separated from its accompanying byproducts
through cOllllter-current distribution. The sub­
stance has a dienetriyne chromophore which is
very similar to that of isomycomycin, the latter
being formed from mycomycin by alkali treatment.

Isomycomycin is a 3,5-tridecadiene-7,9,II-triynoic
acid. The substance isolated by us has almost the
same ultraviolet maxima; the carbonyl band in the
infrared spectrum is missing. On the other hand,
the' Molisch' reaction is positive. Furthermore, the
infrarcd spectrum shows strong bands (at 1260 and
1070 cm.-') for secondary OH groups.

Moreover, the compound is optically active.
These findings along with the solubility properties
of the substance make it probable that here an
alkyne is bonded to a glycoside. The first alkyne

TABLE 10 -- CO~IPoc~nsISOLATED FROM PulicClria dysentcrica,
Val!'yiana ojficinalis, Hicillus communis .\1'\0 Triticum sativltHt

A~O TIIEIR l'LTRAVIOLET SPECTRAL DATA

(Ultraviolet spectra were taken in the long wave region)

*Chromophore. tK. E. Schulte et al.". tP. Busch"­
§H. Bornflcth". ~J. Rheinbay"-

This result that looks first surprising becomes undl'r­
"tandabk, if we realize tilat both plants stand in
t\\·o neighbouring tribes of the Compositae familv.

Tile strnctures and chromophorl's of the isolated
compounds are summarized in Tablc 10.

Also, the thymol 3-ml'lhyletill'r, ilydroxythymol
dimethyl,·tlH'r and tlte dl·ltydro derivative are asso­
ciall'd wit It acdylclH's in tltis plant.

We were able to isolat,· so far 2 polyacetylenes
from the root of anotlter Illcmber of Compositae,
Grindelia rolmsla'4, which has also been used thera­
peutically. The ultraviolet spectrum (Fig. 2) of the
3123-compound corresponds to the matricarianol
acclate. This ester was identilied in several species
of Compositae by Holme and Sijrensen". One has
re,lson to assume that the second polyacctylene
(3110 A.), according to its optical properties and
behaviour on the alumina column, is thc free
alcohol, the matricarianol, which occurs in Malri­
caria c!zamo11lilla and M. inodora.

From the resin whieh is separated on top of the
flowcr shortly before blooming, two polyacetylenes
could be isolated. Both of them possess an endi­
yncne chromophore and are probably identical with
matricarianol or matricarianol acetate respectively.

It is of interest to note that in the root of Vale­
riana officinalis also a polyacetylcne, 4100-com-

Compound
"max.

4100t
4020t
3905t
3985t
3890t
3825,
3750t
3545t
2665t
2635t

4l00t

4100§

4100~

3910
3950~

3830~

Structure

ISOLATED FRQr-.l P. dysenterica

H,C-(C C),-CH=CH,
H"C-(C -C),-CO-CH3
H,C-CH=CH-(C~C),-CH=CH,

-C~C-C=C-(C C).-C=C-*
-C=C-(C C),-

-C=C-(C-C),-*
-C=C-(C C)3-C=C-*
-C=C-(C C),-*
-(C- C),-*

ISOLATED FRO:\I V. officinalis

CH3- (C- -C),-CI-l=CH,

ISOLATED FRO:\l R. communis

CH,-(C:c-C),-CH=CH,
CH, -CH =CH - (C_C), -COOCH,

tTa'IS
trans-dchydromatricaria ester

ISOLATED FRO:\l T. sativ'lf.ln

CH,=CH-(C C),-CH,
CH3-CH=CH-(C -C),-CH=CH,
-CH=CH-(C ~C),-CH=CH-

?
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5

Thiophene

HC n CH
3 ""./" Js

Alkyno

HC:!OlC-CsCH

Chart 2 - Formaliun of thiophl'lH.'S by tht, in vitru addition uf
II,S to I'olyacelylell",

J. SCI. INDUSTR. RES., YOLo 24, SEI'TEMIlEll 1965

metabolic products of lJaedalea junipcria 1\1urr.,
a fungus which causes the decaying of wood of
Juniperus virginia. The corresponding alkync
having the same number 01 carbon atoms has not
yet been found; it might be that it is 2,4,6-octa­
trivn-I-ol.

Alkynes haying the same numher of carhon atoms
as 2-phenyl-5-propinyl-thiophl'I1l' han' he('n iso­
lated from Coreopsis /!,randiftora hy Siirensen and
Sorensenij2 in 1958, and those ha"ing the same'
nUll1b('r of carhon atoms as 5-propinyl-(2-thienyl)­
acrylic acid nlt'thyl('slPr lound in Chrysanthemum
vlIlJ;are hy (;uddal aud Sorensen"" in 1959 haye bN'n
isolated from thc same plants.

or the thn'e thioph('nc deri"ati"es found h~'

SiirensenM in Matricaria i1/.odura, two correspond­
ing alkynes have \)('cn isolat('d from the same
plant. The thienyl-yne-cIH'-estcr has been found";
in Anlhemis ,whilis in addition to dehydromatri­
caria esh'r and artemisia ketone. S6n'nsen and
Siirensen"6 discussed a hypothc:;is according to
which the formation 01 thiophene compoljnds in
plants is supposed to proCl'ed in such a mann('r

CHf:"C~---"'5"'=1
XIll

O-(JLO
S S S

CHDJ[)..(CH~CH' -H
1 5 5 1

xvm

XIX

HZC=CH-C:C..(J.D
S 5

XX

CHJCO -0 -ICHZ)Z-CH=CH-O-O
s s

XX!

CHjC:CQ-CHO

Xl[

CH1-C:COSJ-CH=CH-COOCH1 0-1 CH-CH=CH-(CH I -C-C H
S 22 IllS

o
XV

CH3Dc,c-CH;CH-COOCH15

XVI!

XlV

Q-C"C-ICH~CH)jH
XV[

bonded to a ~lvcoside was described in 1960 by
Bu'Lock and Gregory63. They found that nemotinic
acid isolated from Basidiomycetes is partially gly­
cosidicallv bonded.

From 'ragetes erecta, Zechmeister and Sease79 in
1945 isolated cx.-terthienyl (XIX), Uhlenhrock and
Bijlo080 isolated from Afrir<'In modifications of
T. erecta, 3-butenynyl-2,2'-bithienyl (XX) b('sides
oc-terthienyl; these thiophenes arc the active prin­
ciples against nematodes.

F. Bohlmann and P. Herbst (unpublished work)
found yet another bithienyl derivative (XXI).

The co-occurrence of thiophene and polyacetylene
in the same plant is of special interest from the
point of view of biosynthesis, as in other plants,
too, thiophenes and polyacetyl(,Ill'S containing the
same or a similar numher of carbon atoms ha"e
been found. The thiophene derivatives (XII-XXI)
and acetylenes occurring in the same plant are
given in Table 11.

]unipal was isolated in 1955 by Birkinshaw and
ChaplenS1 from the steam-distilled components of

TAULE It - THIOI'Hb:NE DERlVATIVES ANI) ALKYNES OCCUIOUNli (N TilE SAME PI.ANT

Plant

Dacda/ea. j,,"iperia
Coreopsis grandijl",.a

Chrysanthemum vulgare
A1alricaria inodora
Matricaria inodora
A nthimi.. nobi/is
Biden.. /eucanUlIt ..
Tagetes erceta

Alkync

[CH,-(C-o;C),-CII,OHj
CH, -(C ."C), -C,Il,

CH, - (C C), -CH =C1 I -COOCH,
CH, - (C C), -CH =CH - (CH,), -CO -C,H,
CII, -(C~·C),-(CII=CII),-H
CH, - (CsC), -CH =CH -COaCH,
CH,-CH=CH-(C C).-CH=CH,
[-(C -'C),-(CII=CIl),-j*

(Schulte it at., unpuhlished work)

XII
XIII

XIV
XY
XVI
XVII
XVIII
XIX
XX

XXI

Investigators

J. II. Birkinshaw ancl 1'. Chapkn"
.J. S. SOrenSl'll and
~. A. SOn.'nsl:nMt

E. (;uddal and N. A. Surensen"3

~. A. Son'l\s('nHI

N. 1\. S6rcns('n~1I

F. Bohlmann rl 1l1.M$
F. Bohlmann f'I lll.~s

I .. Z(Thmcisler amI J. \\T. Sl'asclll

J- II. lIhl"nhrock and
J. 1>. Ilijlm"

F. Bohlmann (unpublished
work)
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CharI 3 - SynthcSl's "r 2-I'IH'nyl-;-(l'hclly!t:lhillyl)-thiol'lll'lle and 2-l'hcnyl-5-(phenylblltadiynyl)-thiol'henc

that H.S adds to a diYIH' forming thereby the
thiophelH' ring. TIH"rdon', it was of interest to test
ill l'ilro the f"asibility of HtS addition to polyaccty­
lene cxpecting formation of the corrl"'ponding
thiophenl' ,kri\'ali\'e (CharI 2).

\,"e starll'd our experinH"nlsH7.•• using simple
l,4-disuhstit utl'd butadiyn,'s which arc relatively
I'asily accessibl,' through coupling of l-alkyrll's.
They may 1)(' converled into Ih,' corresponding
thio'ph,'n,'~ upon warming in l'Ihanol-watl'r or
acclone-\\'all'r in weakly :Jikalin" medium. As C:III
be seen from Chart 2, it is possibl,' in this way to
cause H.,S to f('act with bOlh diacdylenc, d,'spite
its two ienninal triple bonds, and mclhyldiaccty­
lene, containing on,· terminal triplp hondo

En'n alkynes containing 3 and 4 acetykne bonds
undergo tli"se reactions. l>il'h"uylh"xatriyne and
diph"Irvl-octatetrayn,' h:I\'" heen found to react
with H.,S under the conditions sl'!"cll'd hy us.

2-Ph,:nyl-S-(phenykthinyl)-thioph"I1l' was formed
from diplH"nylh("(atri~'I1l' and 2-phl'nyl-5-(phenyl­
hutadivnyl)-thiophpne from till' appropriate octa­
tetray'Ill' in good yields (Chart 3). l\cclylpIH' bonds
not taking part in tbe ('('action could be pro\'ed by
hydrogenation, infrared and ultraviolet spectra and
oxidative dpgradation. If th,' solution IS saturated
with H.S and healed up to about 9(J", diphenyl­
dithienyl is formed.

Our ~xpl'rinH'ntsH7,"Hwere then extended to cOI'er
the synthesis by the same mclhod, namely H.S
addition to thl' appropria1l' alkynes, of thiophene
derivatiws found in natun·.

First, we reacted hydrog"n snlphide with phenyl­
1,3,S-lll'ptatriyne (XXIV); the latter was ohtained
in good yield from methyldiacetylcne (XXI II) and
phenyhcl'lykn,' bromide (XXII) according to a

method of Chodkiewicz'9• The expected 2-propynyl­
5-phenyltluophene was not obtained instead two
substances identified as 2-methyl-5-(pbenyl-2-mer­
captoetbenyl)-thiophene (XXVI) and 2-methyl­
?_-(phenylethmyl)-tlllophene (XXV) were isolated.
I IllS means that the ring had not been closed
between C~ and C4 but between C3 and CG' More­
over, partIally. for a second time H.S had added
to the remamlllg acetylene bond. However, the
attempt to convert compound (XXV) into com­
pound (XXVI) by prolonged introduction of H.S
was unsuccessful. If, however, tbe experimental
condItIons were altered such as not to apply to
till' alkyne an excess but equimolar amounts of
hydrogen sulphide (g:enerated from sodium sulphide
and hydrochloflc aCId III solution) only compound
(XX V) could be Isolated using an excess of Na.S,
the pH value was ·maintained at 9-10 during the
reactIon. In the meantime we have been able to
synthesize this thiophene via a different route.

xxx

t 104"02

H3C-C.cDcHO
S

XlI

xxv XXVI

JlJnipol

Chart 4 - Synthesis of junipal (L. Horner")
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Cilart 5 - Synthesis of junip"l (;. H"iin"O)

To prcpare junipa187 ,88 we couplcd lIletilylcli­
acetylenc (XXVII) with bromopropargyl alcohol
(XXVIII) according to thc mcthod of ChodkiewiczH"

already mentioned and obtaincd in good yield
2.f.6-octatriyne-l-01 (XXIX). This was reactcd with
Na2S (Chart f). For thc 5-propynyl-(2-hydroxy­
methyl)-thlophenc (XXX) a characteristic ultra\'iokt
spectrum was observed although the compound
could not be isolatcd immcdiatcly. Therefore,
the raw matcrial W,IS dircctly oxidized I\itll
activated manganese dioxide in mcthylcncchloride to
obtain the cxpected aldchydc, junipal (Xl I), in
3f. per cent yield relatcd to octatriynol. Melting
pomt, ultravIOlet and mfrarecl spectra as well as
degradatlOn products obtaincd oxidatively agreed
both wIth those obtained via a different way

H3C -c= C-C"C-8 r' +H C=C-CH =CH-CH
2

0H

jCu (IJCI
C2H5 NH 2
NH 20H-HCI

H3C-C"C -C =C -C"C-CH =CH -CH
2

0H

Activated 1Mn0 2
H

H3C- CSC -c =C-C2C-CH=CH -c'"
~IerO 0

t H2S
3
0 4 0

H3C-C:C - c;: C-CsC - CH =CH _ c1-
I \.'H
.+H2S

H3C-c .=C UCH=CH- c~o
. S 'OH

CIS +lrons

l CH 2N2

H3C-C=CU-CH=CH-C1'°

S 'OCH
3

XIV
I .~

cis-form tranS-form

Chart 6 - Synthesis of the methyl ester of cis-~-(5-prupynyl­

2-thienyl)-acrylic acid
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(Chart 5) used in my hboratory, ,md with t1lOS('
stated hy Birkinsh<lw and Chapkn".

The mcthykster. (X IV) of cis-r~-(5-propynvl­

2-tlllenyl)-acryhc ,\cld W,\S found by Cuddal and
Siircnsenk3 in Cli:rvsalllliClil'/f1ll 7'1ILr;aris. This com­
pound had till' ;;anl(' nnmber of carbon atom;; a;;
dchydromat.ric,nia ,Icirl, .1 2-decael1l'-f,6-triyn-l-oic
aCId, and could ,t1so 1)(' obLlin,'d t.hrough t.he n'­
action betwe('n t.I,is nlkvl\o[c acid and H,S accord­
ing to t.he method (jpscrilwd in Chart. 6. -

Deh)/dromat.ricarin acid is ncC\';;sihlt- t.hrough
rrduct.ivc conpling of l11etllyldiacdyl,'ne brol11id('
and f-pent.yn-2-cn-l-ol according to Chodkic\\·icz·"
followed hy oxidat.iol\. From t.h,' n',lction of t.11(·
acid with 'H,:;.'I l11i\t.me of ris-Iran,-5-(propyn)'I­
2-tlllenyl)-'lcryhc awl W,IS obt.ained. '\ft.l'r .'stl-ri­
ncat.ion with dia;(oml'than,' t.h.' ri.,- and II'II11S-est('r,
co~tld be ,,'paratl-d hv chromatography on .tlulJ1ina.

J hI' ,;;ln1\' product,; we\"(' obt.ained by preparing
;;eparakly t.h .. Cls- and Iralls-forms of dl'hvdrolJ1at.ri­
caria ('st.er followl'd bv react.ion \\·it.h H·,S. Hen..
I\owe':l:r•.\wlds \\'{'\"(' not as good ,inc.. parti.tI
sapolllhcat.lon took place dming the react.ion of t.ll<'
.';;ter in alkaline n1\'cliunt. In this case also tlte dat.,
obtained by u;; agrl'cd wit.h tho;;l' ;;takd by SiiITnSL'n.

Also, the synt.hesi;; of an "l-krt.hicnyl 'i;; according
t.o am m.ct.hod in considerably heltl'!' yidc! po;;sihJ<.
by reacting. 1,f:dit.hicl,lyldiacdyll'IH' wit.h hydrogen
sulplnck. St.arttng II'\tll t1l1oph('J1\' aldl'hydc and
causing t.hi;; to IT'ICt. wit.h malonic ,Icid, I~ohil and co­
workcrs""·'" obt.ail1\'d t.hiophelH' acrylic acid (XXXI).
Throngh brol11inat.ion, dl'carboxylation and ,'Iimina­
~Ion of HHr he I\btaincd t1liophcnacdylelH' (XXXII).
Il\ls could 1)(' conl'('rted into dit.hil'nvkliacdyIeIH·
(XXXIII) hy oxidat.iyl' coupling. After n,.;ct.ion
with H,S heobt.ainl'U tl'rtilil'nyJ (XXXI\') in good
yICld; 60 per cent. compared t.o ahout 10 per Cl'nt
obtamed by till' mdhod of ZCc!ll11ei,t.('f and S"ase";
melting ,Point, ultraviolet and infran'd spect.ra
agreed With those recordl'd in litt,rature.

O~H+CH2(COOH)2-- UCH=CH-COOH
5 5

1
+ B'2 XXXI
- HBr
- CO 2

Oc=c-c=cD-(JLC,,"CH
5 5 5

XXXIJI! H2S .xXXII

OlJLO555

XXXIV

The sulphur-cont.aining amino carboxylic acid"
cyst.ell1e and homocysteine as well as oligopeptides
hke glutathione lllay function as, respect.ively, H2S
and SH donors 111 t.he cell. The subst.ances men­
tioned may split off hydrogcn sulphide in alkaline
medIUm. In t.he plant t.his splitting is probably



SCHl'I.TE: OCClJHI{I':NCE OF ACETYLI': IE CO:YII'OUNVS I I MEDrC[i\'AL PL,\NTS

Cysteine

O·l!!-kOH

60 -70 ·C.

OCH2-C=C-CH=CH-S-CH3

XL

0" <ii -C=C-CH=CH-S-C H3
- 0

XLI

OH
I
C - CH
I 3
CH

3

OH
I

H3 C-C - C :: C - C == C -
I
C H

3

XXXVI

effected by dl·sldphhydrase. Its maximum of acti­
vity lies around pH 7·4-7·6, that is, in a region in
which according to om findings thiophelw formation
from polyacdyll'!H' ;Ind H2S is po"ihll·.

2,5-Bis-(I' -hydroxyi,opropyl)-thiophl'lll' (XXXVI)
is formed in lJilrn from 2,7-dimdhyl-3,5-octadiyne­
2,7-diol (XXXV) hy warming at 60-7()O for IS hr
lI'jth c\'steine in ()·I:\· 1<01-1'''·\12.

On the other hand, only traces of the correspond­
ing thiophene are formed in the reaction of 7-phenyl­
2-Ill'ptene-4,6-diynl'-I-ol with cysteim' in O·IN KOI-I
and dhano\. Chil·tl" an amphoteric dher insoluble
product ha\'ing an ultra\'iold ;Ibsorption maximum
at 293 ml< is forml·d which is identical with the
substance obtained hy boiling 2-phenyl-5-(3'-hydroxy­
I' -propl·n-I' -yl)-thioplll'ne wit h cy,teinl' in alkaline
solution. It could 1)(' that Wl' here are dealing with
a thioetlll'r aminocarboxylic acid forllled hy cysteine
addition to the doublt- hond of the ,ide chain.

Better n',ult, \I"('re ohtained with glutathione
that ,plits off 1-1 2S in ;dkaline medium more easily.
In the presence of this tripeptide the natural sub­
stances trans -7 - phenyl- 2 - hl'ptl'ne -4,6- diyn -1-0/
(XXXVII), Irans-I;lchnophylium acid (XXXVIII)
and trans-dchydromatricaria acid (XXXIX) arc
read" con\Trted in good yield into the correspond­
ing thiophenes, in O·IN KOH and at room tem­
perature.

It is still an open problem whether the ring
formation in this reaction proceeds via the stage
of addition of the SH group of th(' glutathione to

XLII!

the triple bond followed by elimination of the
remaining moiety of glutathione under proton addi­
tion and formation of the thiophene ring. The
alternative would be the reaction of the triple bond
with SI-I ions generated in the nascent state by the
action of alkali.

In this connection it might he of interest to point
out that Bohlmann el al,52 isolated a new group of
,ulphur-containing polyacetylenes (XL) and (XLI)
which possess an S-methyI group. The com­
pounds isolated from Chrysanlllelllml! segetmn ma\­
formally be derived from benzyldiacetyl('ne or
hl'nzoyldiacetylcne rcspectively by addition of
ml'thyl-mercaptan found in the same plant.

Probably anoth('r mechanism of formation j,

responsible for thiophene compounds bearing,
respectivcly, a -OH or -OCI-I 3 group in 3-position
of the thiophenc rings (XLII) and (XLIII) and
isolated from Artemisia vulgaris. Bohlmann93 used
the hypothesis of thiophenc formation from ~-di­

carbonyl compounds as drawn up by Sorcnsen and
Sorensen ti6 to di"uss it in connection with series of
thiophcnl' c1crivati\·cs.

Schulte and :\1itarb (unpublished work) have
ill\'estigated the formation of the polyacetylene
and of the propynyl-thienyl-acrylic acid cster in the
root of (ItrysallthclIlulll vIIlgare during one vegctation
period (Fig. 3). The dchydromatricaria ester is
formed first and 5 weeks later the thiophene is

0,\ Glulalhiono
_ ~ c=c-C=C-CH=CH-CH20H OH

trans XXXVI!

Glutathion2

Glutathiono

C
3
H

7
-C=C-C=C- CH=CH- COOH

trans

Lachnophyllum acid

CH 3-C =C -oCH=CH-caOH

cis, trons

OH

OH
XXXVl11

CH 3-( C=Clf CH = CH-CaOH
trans

D2hydromalricaria acid

XXXIX
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PERIOD, wleks

Fig. 3 - Formation oj polyacety1cne and propynyl·thienyl·
acrylic acid ester in Cltrysalltlu!lJwm vulgare roots

formed; the latter is at the time of blooming present
in considerably larger amounts than the sulphur­
free compound. The amount of alkyne acetate
changes in a similar manner during the course of
one vegetation period.

We hope to be ahle to shed more light on the
correlation between polyacetylenes and thiophenes
by employing radioactively marked substances.
Thus, we have at first fed cysteine hydrochloride
with the nutrient medium to young growing plants
of Chrysanthemum v·ltlgare (Schulte, K. E. & Mitarh,
unpublished work). After a short period of time,
S-35 could be detected in thiophene. However, this
does not prove that sulphur transfers directly {rom
cysteine into the thiophene ring. It is more likely
that still unknown intermediates are passed.
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the characteristics of some of the fouling' organisms
in Cochin harbour, while investig'ating into the
causes of timber destruction due to marine
organisms.

These researches are bound up with systematic
and detailed fundamental studies on the biological,
anatomical and phy,;iological characteristics of the
marine fouling organisms. The Committee for the
Protection of Timber against Marine Borer Attack,
constituted bv the Forest Research Institntl', Dehra
Dun, in 1955 also included detailed stlIllies on the
marine fouling organisms at different localities along
both the coasts of India. Today studies and investi­
gations pertaining to marine fouling organisms and
their prevention are being supported by many
universities, harbour authorities, navy and defence
org'anization, fisheries departments and varions
other private agencies. Becker in his report 2G to
the Government of India on the protection of wood
against marine horers has offered useful slIggestions
for a similar stlIdy on marine foulers in Indian
waters.

The Fouling Community
The organisms that constitute the fouling com­

munity comprise a large assemblage of more thall
2000 species of both animals and plants2. They
include microscopic forms such as bacteria, fungi,
diatoms, protozoans and rotifers and macroscopic
forms like sponges, coelenterates, flat worms, bryo­
zoans, tubewonns, amphipods, barnacles, molluscs,
etc. The animals that foul arc principally the
sedentary or sessile forms occurring in the shallow
waters along the coast. Different kinds of algae
also contribute to the fOlIling commnnity. The
barnacles, tnbeworms, brvozo~ins and mus~,,'1s arc
by far the most important forms from the point of
view of surface coverage, volume and weight.
Many free living animals are also found amidst
the sedentary organisms that form the fonling
community and they mnst be considered as an
inseparable part of this gronp. The chief among
them are the planarians, nemertines, polychaetes,
isopods, decapods, gastropods and also pisces.

Both qualitative and quantitative differenc('s
have been recorded on the characteristics of the
fouling assemblages on structures or different sub­
strata such as ships' bottom, buoys, concrete, rock,
fibres, wood, metal and glass. Further, in the
different seasons these substrata may hold various
types of fouling flora and fauna depending on their
location in differen t regions along the coast under
varying ecological conditions and also at different
sites within the same harbour27 . The fouling com­
plex that occur on temporary substrata somewhat
differ from that of the natural popnlation accumu­
lated on permanent objects under immersion the
former containing a large number of species.

In India, the different members of the fouling
community have been identified and studied in
some detail at Visakhapatnam22, Madras9,lo,21,
Krusadill and Bombay28. A total of nearly 54
different species of fouling organisms have been
recorded from Visakhapatnam harbour, 60 species
from Madras harbour, 57 species from Krusadi and
about 50 from Bombay and neighbouring areas.
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A newly exposed surface under immersion get,
rapidly coated with microscopic organisms reit'rred
to as primary film or slime film, which comprise
bacteria, diatoms, algal spores, mixed with organic
and inorganic detritus, mud, sand and other parti­
culate materials suspl'IHJ<.d in sl'a water. It ha,
been found that tiH' composition of the priman'
film is difftorent in different areas. Zohell2' found
that the primary film consists mainly of bacteria
on the eastern coast of til(' United Stat('s. In the
sub-tropical waters of Austr:di:l, Wood:\O found
that the film is composed of diatoms and algal
spon's. DanieP" ohserved at ~Iadras that thl'
film is composed of 3S species of diatoms and 14
species of algae and a smaller proportion of baclt'ria.
Balasubramanyan and M,'non2:, have recorded bac­
teria, diatoms and protozoans as foremo,t of all
settling organisms on the test panels in the port
of Cochin American workers like Weiss31 , Phelps
Austin (as cilt'd bv Weiss), and Australian I\'orkers
like Wood"", ScIH'('r"2 support till' \'iew that bacterial
slime forms the primary sdtll'mf'nt. Different
stages in the developnll'nt of the primary film has
been noticed by I'arious workers. According to
Harris3" there an' tim'" stages in (he de\'('lopmult
of the primary film, namely hacterial slimC', diatom
flora and the attacbnll'nt of high,'r animals. But
Kuriyan's ohservations:lI of (I'n-day hlocks ha\'e
not shown any s"parate stages. He adds tbat
although :1 certain amonnt of prim:lrv film i'o
formed consisting probabl.v of bacll'ria and diatoms,
the other organisms eilher settle simult:ulI'ousll' or
follow immediatell·. It Sl'l'ms reasonahle' to
assume that whil,:' some fOlding organisms need
this primary film, others are cap:lble of attaching
to even cle:lIl or llL'wlv suhmerged surfan',;, Proh­
ahly in some species iarval' settle more rf'i\diil" on
filmed surfaces. An'onling to ])anid\" the priinan'
film is an essential prerequisill' for the attacbment
of barnacles and 'oerpulid'o. HOWI'I'l'r, the exact
role of the' priman' film' in the fouling seqlH'ncl'
requires further elucidation.

The primary film is followcd h\' waves of otber
fouling organisms which st't t It' and grow. The
presence of certain species is esscnti:d for facilitating
the subsequent attachment of oth,'r forms, which
lead a sort of intt-rspecific dependence. This bio­
logical succession involves dl'finite relations 111'­
tween organisms and is occasioned hv factors of the
environment. TIll' earlier forms playa role for the
suhsequl'l1t estahlishment of forms that arri\'e latl'r.
In some cases the earlier forms arc displaCf'd or
smothered as a result of snccessiVt' settll'ml'llt.
The result of these is the l'stahlishment of a climax
community comprising forms, which are slow
growing and long living.

The only studies regarding tllis biotic succession
in India an' those of Daniel2l and Antolll' r<aja23

in Maclras and (;~\I1apathy ct af.22 at Visakh:lpatnam.
According to Daniel2l the primary lilm is followed
by barnacles, tubicolous polvchal'(es, polvzoans,
molluscs, ascidians and once again the harnacles,
which finally occupy the whole area crowding out
all other forms. Daniel further observed that the
same sequence of events, taking place, irrespec­
tive of the season during which it is exposed2l .
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barnacles and some species of bryozoans and ship­
worms belong to this category. There are also
certain fouling elements which are characteristic
of estuarine areas and are unable to survive in
marine situations. The extent of fouling by marine
species in estuaries depencts on the degree to which
the salinity varies with the tide.

Pollution - Pollution is yet another phvsical
factor of importance in the biologv of fouling,
particularly within the enclosed waters of the
harbours. Pollution is the outcome of sewage,
industrial waste, oil, etc., finding their exit into
the natural waters and changing both their ph~:sical

and chemical nature. The substances that pollute
may be harmful by possessing toxic effects or mal·
lead to a serious depletion of oxygen of the medium
resulting from oxidation of organic matter. Such
waters are mostly free from any normal life. On
the other hand, certain substances mal' act as
nutrients thereby enriching the medium.· In such
situations detritus feeders, mud tube dwelling
polychaetes and amphipods42 show luxurious growth
and characteristic indicator species can be recog­
nizedu . It mal' also be mentioned that the two
factors, salinity ;Illd pollution, can, to a large extent,
be the limiting factors of the environment causing
a natural check over the fouling community.

Turbidity - The enclosed waters of the harbour
and other bodies of coastal waters contain silt,
detritus and other particulate matter in fine sns­
pension. These particles of suspended matter affect
the organisms in manv ways. It can smother
sessile forms and mal· form a mat-like cover over
the substrata thereby preventing the settlement
of certain species. Large quantities of sllspended
matter can clog the respiratory organs and can
disable normal functioning of the ciliary feeders.
Thick silt and resulting turbidity reduces the pene­
tration of light preventing the growth of green
plants. Those forms, which need plants as a sub­
stratum for settlement, are, therefore, unabl(, to
settle in such a n1l'dium. Studies on fouling inten­
sity in relation to turbidity of the environment
require detailed il1\·estigations.

Waves, tides and currents - Movements of the
medium (water) because of waves, tides and cur­
rents also can affect the dispersal, settlement and
growth of sessile organisms. Water movement
facilitates the existence of sessile animals, since
food particles are brought to them and their was1l'
products in turn are carried away. These move­
ments abo help the distribution of the larvae and
thus prevent overcrowding in ,lIlV particular sub­
strata. These movements of water mass are some­
times harmful when the larvae of these littoral
forms are swept far awal· to the open sea where
settlement is impossible or to places where condi­
tions are unfavourable for settlement. The I·elocity
of water currents on the surface of the substratUln
is important since larvae of foulers select suitable
sites for settlement in relation to the I·elocity gra­
dient of currentsH The attachment and suryil·al
of barnacles are mosth· influenced bl· water cur­
rents. Crisp and Stubbings" hal·e· found that
current has very little influence on the cyprids at
the time of fixation. Regarding the effect of the
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stage of tide on the settlement of barnacle cyprids
conflicting views are expressed by variOus
workers16,'6-'9.

Li{;ht, colour, nature and tnt lire oj sllhstralum­
Many of the larvae of foulP,"" are ll('gatil·c1.v photo­
tropic and they prefer darker snrfac('s, while a
few are positively phototropic Tlwre seems to
be no agreement among 1·;lrious workers as regards
the probable effect of light on the s,·tt kment of
barnacle cvprids. Visscher and Luce" obsen·ed
that the barnacle cl'\lrids ,. n'act Iwgatil·e!I· to
light at the time of attachment ", while Weiss'"
and McDougalJ5" are of the I·iew that thel· are
positivelv phototropic at the time of attachment.
Pyefinch'9 was not able to arrin' at am· (lPfinite
conclusions regarding the dftoct of light on the
settlement of barnacle cyprids. IIlI·('stigations of
Kurivan and Mahadel·an'" at I~rnsadi Island ha\·e
reve~led that barnacles attach mainh· on surface,
deeplv submerged and that tho,e on· a block near
the surface an' confined to its under ,ide aII·a\.
from abundant light. Sunlight, according to them,
has an effect on the sdtlement of barnacles.

Colour of the substratum expo,ed also exerts a
profound infllH'nce on the sdtlPment of sedentan·
organisms I3 ,21,'2,f,",51 It has been found that reci,
black and white attracted large numbers, blue,
green and grey had fewer, and grey panels attracted
the poorest number. These findings hal·e still to
be confirmed by n'peall'd laboratory and service
tests. This information is of great importance
since this would help in incorporating the required
colour pigments in the formulation of antifouling
compositions for commercial ('xploitation.

The nature and textnrc of the substratum han'
marked effect on tile settlement of marine sedentan·
forms·9 ,51-5<. This is particularly true in the cas('
of barnacles probably due to the walking mol"l'­
ment of barnacle cI·prids prior to final settlement
as reported by Vissch(·r"'. He stall's that the·
cyprid larvae make exploraton· mOI·emrnts cOl"l'r­
ing appreciable di,tances before attachment.
Barnes and Powe!'" found that the projecting
bristles of staple cloths bl· their number and stiff
character mal' prol"l' a ,ourn' of irritation or mal·
mechanically restrict the mOI·('n1('nts of the cyprids.
Tluls the quantitv aud quality of fouling organisms
seem to show variations with rden'nce to nature
and texture of the substratum on which th('\' settle
such as rock, concrete, asbestos, earthern tiles, glass,
metallic surfaces and fibrous structures.

Ahrasion - Abrasion or '11101ar action' OYer
fonled surfaces caused by water-borne ston(' parti­
cles and sands througll action of wave and currents
is important for fouling organisms as thel· ma\·
interfere with th(·ir normal growth rate. Marine
boring organisms weakeu the solid structures 1)\·
riddling through the suhstrata. I'rotertin: de\·il'{:s
such as hard slll'lls, anchoring structnres like bl'ssus
threads, and colonization arc probabh· adaptations
to withstand the "brasil·(· action of the medium.

Chemical Factors

The availability of dissoll"l'd gases like oXYgen
and carbon dioxide and nutrient salts like phos­
phates and nitrates in the aquatic environment
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in which the fouling organisms have to complete
their life has a profound influence on the whole
community both directly and indirectly. Their
abundance in the environment is of direct critical
concern to the life of organisms in respective habi­
tats. Oxygen may act as a limiting factor in
certain estuaries and harbour areas with sewage
influence. The decay of organic material may
also deplete the oxygen content which in turn may
restrict or reduce the organisms present in an area.
In certain harbours of India with heavy pollution
the oxygen content is always low and the produc­
tion of hydrogen sulphide is noted55 . Under such
lethal conditions, oysters, mussels and other fouling
organisms remain closed within their shells and
cease feeding. This leads to a temporary cessation
or inadequacy in feeding resulting in their poor
growth or they ultimately perish when such condi­
tions continue to persist for too long. The
presence of phosphates and nitrates affect phyto­
plankton production, which in turn influences zoo­
plankton comprising the free swimming larvae
of many of the fouling organisms and thus these
inorganic salts can indirectly affect the settlement
and growth of fouling organisms in any locality.

The existence of a mutual relationship between
marine fouling and boring organisms has been
noted by various workcrs42 ,56. Many of the fouling
organisms, particularly those with special calcareous
protective structures, offer a physical barrier to
the subsequent borer settlement in the same sub­
stratum or perhaps may be the fouling organisms
prey upon the larvae of the borers. It is also often
questioned whether there is any evi(lence of a casual
relation between the onset of fouling and the initia­
tion of corrosion, or vice versa. Authentic informa­
tion on this subject of fundamental studies on the
mechanism by which marine organisms directly or
indirectly affect corrosion am! the role of fouling
organisms in preventing corrosion in tropical waters
'is still wanting.

The conventional method of preventing fouling
is by the application of traditional antifouling paints
on submerged surfaces. Such paints contain toxic
materials like copper or mercury or arsenic Jloisons.
The problem that is being faced in the use of these
paint compositions arc that the poisonous com­
ponents leaches out at varying rates in the course
of time and as such a standard and regulated
leaching rate for these toxic substances under pro­
longed immersion have to be worked out. The
firm attachment of certain major fouling forms
like barnacles, oysters and tubeworms to the sur­
face also favours their persistence on ship's bottom
in active usc. Susceptibility of the various fouling
organisms to the different poisons has to be studied
in greater details. Suitable metallic sheathing is
also adopted for protecting the hulls of wooden
boats. Copper and copper-based alloys have been
able to resist marine fouling to a great extent under
normal conditions of exposure in the port of Cochin
(Central Institute of Fisheries Technology, un­
published records). The use of mechanical devices
such as ultrasonic vibrations has also been tried
with encouraging results to keep the hulls of ships
clear of fouling organisms57 . I<einforced plastics

with a surface inhibiting settlement are being tried
at present as a new material for boats hull, but it
is too early to arrive at any positive conclusions
regarding its efficacy against marine fouling.

Conclusion

The problem of marine fouling and its successful
prevention thus appears to be an evasive subject
that requires a careful handling. It might be
possible to tackle this important problem with ease
in the coming years provided adequate research
investigations arc taken up to fill up the broad
gaps in the existing knowledge on the subject.
Though the historical background of this subject
dates back to the early nineteenth century, to the
days of Sir Humphry Davy, still the intricacies of
the problem arc not well understood particularly
as regards to their prevention to a level of perfect
satisfaction. A thorough study on the different
marine fouling organisms, their mode of attach­
ment, complete life cycle, their reaction to environ­
mental conditions and other characteristics seems
to be very important without which no further
progress could be made.

The environmental influences that control the
settlement and growth of the organisms must be
given due emphasis in studies on fouling. The
physico-chemical variables of the sea water, the
effects on the time of exposure, the nature of the
substratum and its location in relation to tidal
changes and depth, the mechanical effects of cur­
rents and conditions of illumination are few im­
portant factors that affect a natural population.
Intraspecific and interspecific competitions and the
presence or absence of predators and parasites also
have an abiding influence. The intensity of fouling
in an area is, therefore, dependent upon very many
factors as stated above that are either directly or
indirectly concerned.

Effective methods for the prevention of fouling
can be devised only after a correct appreciation
and assessment of the above-mentioned factors.
The problem very much varies with the quality
and quantity of fouling in any given locality.
The results obtained from investigations have,
therefore, only local application. This makes the
problem of eradication all the more complicated,
expensive and time consuming. The reactions of
closely allied forms are different58 and, therefore, a
precise and accurate determination of the species
occurring in a locality becomes an essential pre­
requisite. This must be the foundation of all fur­
ther enquiries in an approach to the biological
aspect of the marine fouling problem. It is un­
fortunate that there is a tendency to subordinate
the importance of taxonomic enquiries. Even the
most important members of the fouling community
that occur in the major harbours of India have yet
to be correctly identified. Perhaps this is one of
the reasons for the delayed progress in enforcing
suitable antifouling measures.

Realizing the economic importance of the prob­
lem in Indian waters, the Craft Materials Section of
the Central Institute of Fisheries Technology (Craft &
Gear Wing) at Cochin has taken up detailed re­
search investigations on several aspects of marine
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fouling with a view to developing and employing
effective principles of their control particularly on
the hulls of fishing boats whose numbers are con­
stantly on the increase.

Summary
The problem of marine fouling and its prevention

is a subject of very great economical importance to
all maritime nations of the world. A brief review

. of the work on marine fouling in India and else­
where is presented in this paper. The findings
relating to the composition of the fouling community,
their quantitative and qnalitative differences, the
different members that constitute the fouling com­
munity, the role of the primary film and its signi­
ficance, the seasonal and ecological succession of
biotic communities are discussed. Outstanding
contributions relating to such environmental factors
as temperature, salinitv, pollution, turbidity, waves,
tides and currents, light, colour, nature and texture
of the substratum and abrasion have been re­
viewed and discussed with particular reference to
the conditions prevailing in India. The problem of
marine fouling in Indian waters and suggestions for
future work mainly based on the work hitherto
done have been dealt with. Fifty-eight contri­
butions relating to various aspects of marine fouling
carried out till 1964 have been considered.
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REVIEWS

CHElIIST/{Y OF LAC by 1'. K. Bose, Y. Sankara­
narayanan &: S. C. Sen (;npta (Indian Lac Research
Institute, Namkum, Ranchi, Bihar), 1963. I'p.225.
Price Rs 26.60

In the prdace it is stated that" The preparation of
the present \'olume was moti\'atcd by the idea that
an up-to-date re\'iew covering- previous records and
scattered obsen'ations on the chemical aspects of
lac might be of \·;t!ue in understanding- its nature
and in stimulating further researches in this fidd ".
It is further stated that the compilation of this
volume was completed in 1'153-54, but owing to
various reasons, its publication was considerably
delayed.

IIi the meantime the Indiau Lac I~t"search Insti­
tute has published a comprehensi\'e monog-raph on
Lac (1'162), bnt til(' book under review is restricted
l'ssentially to the chemistn' of lac resin.

Chapte'r I gives a short historical re-view of the
subject, some rcle\'ant information about lac cultiva­
tion and the difft"rent tvpes of lac and their uses.
Phvsical properties and chemical constants arc gi\'e-n
in Chapter II; compositiou of various lacs aud
methods of isolation of iudividual compouents are
dealt with in Chapter III. Constitu('nts of lac resin
are treated in the next chapter, which is perhaps the
most important part of this book. The next two
chapters deal \I'ith the strnctnre of the two major
component acids. The remaining- chapters deal with
'Structure 01 lac molecule', 'Miuor constituents "
, Partial smtll('sis and pol\"ll1erizatiou of shellac',
, Miscellalll'ous trl'atnll'nts', aud 'Identification of
shellac'. Thl're is an addendum in which rele\'ant
information, a\'ailable up to 1962, is g-iven. Author
and subject indices and a two-page errata complete
the book.

The authors have done a g-n'at sen'ice in hriuging
together in one \'olume all the relevant information
about lac which should lead to a greater intcrc'st
in this unique material.

Further rl'search on the compositiou and consti­
tution of lac acids is l'ssential, if this Vl'rsatile resin
is to mef't the increasing- competition from the
various S\'nthetic resins.

The book is particularly recomllleuded to all org-anic
chemists who arc working in the fil'ld of natural
products.

N. R. KAMATH

J1A\nIAI.lAN PHOTEIN METAIlOI.lSM: Vol. I, edited
bv H, N. Munro &: .J. B, Allison (Academic Press
Inc., Nl'w York), 1'164. I'p. xv-I-566. Price
S 18.50

Current awakening- of interest on the importance of
proteins in uutrition and insig-ht into the mechanism
of proteiu s~'nthesis ha\'(' each resulted in a spate of
specialized literature on protl'in m('tabolism as a
whole and the present treatise, in two volumes,
pro\'ides an up-to-date account of the \'arious hio­
chemical, nutritional and pathological aspects of
prote-in metaholism. The volume under review,

confined to biochemical mechanisms, portrays a
wealth of information in eleven chapters written by
12 leading iIl\'estigators in the field from, with one
exception, Britain and the United States.

A historical introduction detailing the origin and
growth of current concepts of protein metabolism
is followed by accounts dealing with digestion and
absorption of proteins in the non-ruminant and
ruminant mammal, transport mechanisms of free
amino acids in various tissues, metabolic trans­
formations and deg-radations of amino acids, defined
steps in protein bios~'nthesis, tissue and plasma pro­
tein turno\'t'r and homeostatic mechanisms, protein­
hormone interrelationships, general aspects of their
regulatory mechanisms and, finally, nitrogen elimina­
tion from the body.

The course of protein metabolislll is determined
by a mosaic of interactions between various agencies,
among them dietar~· supply of amino acids, carbo­
hydrates, fats and other essential nutrients as well as
by the secretory activities of the endocrine glands,
The various aspects of this complex picture have been
ably examined and evaluated by the different
contributors, although it is perhaps inevitable that,
in a compilation of this kind, there should be some
omissions. For example, the re\'iewer would have
liked a reference, in discussing the lability of tissue
proteins, to the effects of dietary proteins on tissue
enznne activities. Again, when considering RNA
metabolism in relation to turno\'Cr, one would have
expected a reference to the rapidly accumulating
knowledge on tissue RJ\A profiles determining protein
s~·nthesis. Likewise, the discussion on nitrogen
excretion products is incomplete without a reference
to the current recognition of various, hitherto un­
known, nitrogenous bases in the urine.

Nc\'ertheless, in its comprehensive approach, the
hook maintains a general continuity of reading from
chapter to chapter and the uniformly critical presenta­
tion of the subject matter together with, oftentimes,
the delineation of Ill'W and unknown areas of research
as well as the selected bibliography appended to each
chapter, marks the volume as a source book, not onh'
for the graduate student who requires an advancecl
survey of the whole subject, but also to the specialist
in nutrition, biochemistry, clinical chemistry, medi­
cine and, iudeed, all aspects of biologv, who needs an
authoritative account of selected areas of protein
metabolism.

A, SREENIVASAN

BIOLOGICAL EFFECTS OF MAGNETIC FIELD edited b\'
Madeleine F. Barnothv (Plenum .Press Inc., Ne\\'
York), 1964. Pp. ix+324. Price $ 16.00

As early as 1818 Amici suggested the possihility of
electric currents being present in living ceils. Later,
Bac!]uerel aud Farada~' thought it possible to produce
biological effects with magnetic fields. In spite of
these early observations, sufficient qualitative and
quantitative work on the biological effects of
magnetic fields has only been done in the last decades
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and it is, therefore, very fascinating for students of
biophysics, to have this excellent volume edited by
Prof. M. F. Barnothy. Even though it is a small
budget of contributions from the leading figures
in this new and exciting field of study, it makes one
realize the immense possibilities of magnetic field
as a powerful analytical and therapeutic tool in
medicine.

The text in the present volume has been divided
into the following parts: theoretical considerations;
effects of strong 'magnetic fields in vitro; effects of
very weak magnetic fields; and an up-to-date
bibliography. Each part is further subdivided into
several chapters, written by well-known workers
in their respective fields. At many places it would
appear that a significant beginning has been made in
different directions and the experiments described
stimulate one to think deeply on the subject. The
elIect of magnetic fields on genetic code has been
ekgantly explained by Prof. Barnothy on the basis
that very similar to Zeeman effect, magnetic field may
bring about a split of the energy levels of nucleotide
bases and may thus exeereise influence upon the
stability of genetic code.. A few expeTiments have
been described to support this view, but it is clearly
stated that a definite connection of magnetic field with
genetic code is yet to be experimentally established .•
Magnetic fields have also been applied to the pheno­
Illena of growth and development and evidence has
been presented to support the general assumption
that magnetic field causes mitotic retardation. In
one of the chapters tumours have been shown to be
rejected in cases of homotransplants due to stress
caused by magnetic fields. The lengthening of life
span of mice with isotransplants in magnetic fields
has also been seen to occur. The experiments
reported on the effect of magnetic field on spontaneous
mammary gland cardnoma may on further study
lead to a solution of cancer therapy.

In one part of the book experiments have been
described to illustrate the interference by magnetic
fields in the production of large molecules such as
proteins, RNA and DNA. Fibroblast proliferation
in wound healing has been observed to be clearly
delayed by magnetic field suggesting that the
enzymatic production of large protein molecules and
other biological polymers is inhibited by magnetic
fields. The observations, although of a preliminary
nature, are interesting and certainly call for further
study.

Studies on inhibition of bacterial growth in
magnetic field have also been described in this book.
One of the chapters is also devoted to the reactivation
of trypsin by magnetic fields after partial loss of its
activity. Magnetic fields have been shown to
probably reorganize the enzyme at or near the active
site.

The exhausti\'e bibliography provided at the
end of the book should prove useful to those interested
in this new field of research. We live encompassed
by physical forces and it is worth while to take up
physical forces separately and investigate their
biological effects. This book shows how a beginn ing
has been made in this direction by investigating
biological effect of magnetic fields.

S. C. AGAHWALA
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Caralia Sa1l/hihi- A SCIENTIFIC SVNOP:iIS bv
Priyadar~lIijan I<;ly &. Hirendra Nath Cupt'a
(i\ational Institute of Scieuces of India, NelV Delhi),
1965. I'p. viii+ 120. Price I<s 15.00 or 20,.

The monograph is a syuoptic sur,·,'V of the Cahlw
sam!lilii, a well-known nH'dical treatise of ancient
Inllia. The distinguishing feature of this monograph
lies in its presentation. Concepts about man, m;ltter
allt] univnse, origin of di:ieases, discussions on health
and longevity, classification, diagnosis and treatment
of diseases, medical education, physicians' role in
society aud llIany other topics of biological interest
which occur in the original treatise in a scattered
manner have been coordinated and systematized
from a scientific point of view. Most of the materials
have beeu arrang<'d in tabular forms for ready rder­
ence and rapid survey. The English and Latin
equivalents of all Sanskrit names are given to avoid
ambiguity in their identilication and the synoptic
smvev is well documen kd.

A lJricl rcsum" of the contents of the monograph
is presented below:

The identification of the anthorship and exact datc
of composition 01 Car,zlliI ,amhitii offers considerable
difficultv. The available evidence indicates the
treatise" to be a record of the deliberations of a
congress of medical experts in anei"nt India.

The appro~imalc date of the composition of the
text by Carallil sall/hitzi which formed the basis of
Drdhabala's redaction is estimated to be ab:mt
A.i)·. 100.

Caralw samhitzi is primarily an exposition of
Ayurveda, the science of life. Besides classification
of diseases, the treatise presents ethical, metaphysical
and philosophical idcas prev;lknt in India dming
tbose times.

The eight branches of AVlIm'da, the ten scientific
topics of coveral(e and the- division to eight sections
for discussion proposed are eatalogucd under the
, Scope and subdivisions' of the treatise.

'The concepts and theories' in (aralia samhilii
deal with the following:

(a) Man and matter: Following the philosophical
doctrine of Sfllllkhva and Vcdfmta, Cai-aka holds that
the individual ma'n and the extern;i1 world arc the
manifestations of one and the saine eternal spirit
(I~rahman) ;md a sound mind and a sound body
are prerequisites for the beautific experience of tIlt'
Divine or Brahman in man.

The demental coin position of man and till' visible
world, the understanding of trntb, the aims anrl
objectives of life, descriptive all;i1ysis of matter,
animate and inanimatl', the 1'01,' of ['IiYltsa or transic'nt
s<'if in the life of the pnson and many other meta­
physical cOllcepts dealing with mind, bodv and
matter are some otlH'r facets of ("aralw Sfllll!lihl's
pl"l'sl'ntation.

(b) Modes of origin of livillg beings: The process of
fertilization, the interr"'ationship of Illind, body and
soul and the conc"!)t that life is ilHl<-strllctible and
that birth is nothing Ilew bnt a tr;\llsition of <In
already e~isting spirit ;llld that spirit is the eternal
self, are some of the philosophical teachings [('atmed
in Caralia sall/hitii.

(c) Cai-aka' also attempts to ('x plain the factors
involved in the origin of the mall' or female foetns,
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the growth and development of the l'mbrvo, and
inheritance of congenital ddects, The importance of
nutrition of the parents on the progenv is emphasized,

The !,'arma 01 the indi,'idual is gin'n a prominent
rok in the nH'ntal make-up and t1H' general well-being
of the pnson,

HI/mura! llicorr of discases postnbtes the well­
known Tridoslia 111!'!!ry for l'~pbining the origin of
diseasl's and considers all pathologic;I! conditions of
the mind and thl' bod\', and I'vI'n t1leir degrel's of
sl'vNih', to I'l' direct rt'snlts of morhid and aggra,'ated
humours,

Factors infiuencing nH'morv, classification and the
interp ..dations of drean!:' form some interesting
features discussed in ('aralia samhilii.

Since philosophv, rl'ligions p,:acticl's ;md healthy
living arc intl'rwo"I'n, the dhics in ('aralia samhilii
constitnte an important fl'ature of healthy Ii~ing.
Cai'aka recognizes thl' three primary dl'sires: desire
fo .. sl'1f-prt'sl'rvation (Pranaisana), desire for wealth
(/!hallaiSl/na) , and a desire for a happy fnture
(/'ara!()liaisana) to 1)(' the springhoards for all action.

The laws of /,aYlJla art' not consilkrt'd immutable
by ("araka. He mentions that fmits of certain actions
cill1 be averted by prop.'r conduct and medication.
Creat importance is hence attached to right conduct
(Sad1'ralla) fo .. prt'servation of ph~'sical and mental
health and in securing Sl'nSl' control (/ndriyallija;va) ,

, Physiological processes' a"e presented under the
divisions of ' Digestion and mdabolism ' ;md ' Mo\'('­
ments of fluids through till' human body and tasll's "

(;re;\t significance is attached to the 'production of
heat which is said to 1)(' till' hasis of life processes,
The prort'S>'l'S of digestion, absorption, mdaholism of
food and incorporation into hody constitul'nts and
e~rretion of wasil' products discussed gin' a glimpse
of biodH'mical and physiological knowledge of the
tinH's,

Till' description of i'lllllml'rahle slrolaJlt.'l' or fluid
currents, their anatomical confignration and the
SOurCl' of indi"idual srolas prt'sents the circulatory
systelTl as c'oncei'Td in the days of Cai-aka, .
. , Taste' is giH'n 'In import;;nt role in the thera­

pentics of ("araka, Task and after-task, the nature
of b;lsic ;Ind complt'~ tasks, inherent propertil's of
tasll'-, thei .. tll'raugenwnt in patho\t;gical conrlitions
and the Il('nl'licia I ph,'siologic;I! ;Ictions of the
sub,tances belonging to the h"sic t"sl<- groups ;11'1'

describ('(] in "l,t"il.
Health "nd longevity: I'nson;I! hygiene r;mks

topmost "Illongst tIll' nll'"snl'l'S for m"inl<-n"nce of
health and ,'igflur. C\I'"ka enjoins" disciplinc'tl lift,
il1\'oh'ing personal cleanliness, ref(nlated physic;t!
"~l'ITi-e and ",'oid"ncl' of l'~Cl'SSl'S of "ny kind,

("rak;, recognizes the infllll'nce of l'n,'ironlllent
on 11l'"lth and physiqul' of the incli,'idllals,

Dietl'lics forms "n important and integral p'lrt
of the (aralia -,amhilll, Stn'" is laid upon tIll'
significilllt roil' of did in hc,;t!th "1ll1 sicknl'''s. 1\0
dist inct ion is mack bet IITl'n food and drug since both
('xert specific actions on the body. Thl' te~t mentions
in detail thl' digl'stibilitv, nlltritiH' ,';t!ue and nll'di­
cinal actions of Sl'I'('ral'hllndreds of diffl'rent l'dible
and potabil' subst;lnCl's of "'Irions classes,

Rejll\Tnation therapy is a prominent fl'atlll'e of
the (aralia Sal!lllila, It is sllggeslt'd that even III

old age it is Fossible to regain youth and remam
youthful for a very long period.

The need for public health measures to prevent the
spread of disease was wdl recognized by Caraka,
Public sanitation and pure water supply are dealt with
in the text.

Physicians in Caralia SlIlIlhila: Selection of
candidates for the study of medicine, the training
programme, the dutic's and responsibilities of the
physician, the code of conduct in dealing with the
patients arl' exhaustively treated by (ai-aka. Friend­
ship towards all, compassion for the ailing, devotion
to professional duties and a philosophical attitude
to cases with fatal l'ndings han' been defined as the
four cornerstonl'S of medical practice,

('aralia sll11lhilii gin's directions for the diagnosis
of a large number of disl'ases from a consideration of
thl'ir etiology, symptoms and prognosis.

Different types of treatnll'nt have been described
by Caraka. These include oral medication, eye drops,
gargles, medicinal smoking, unguents, suppositorie"
l'I1ema, douchl's, sweating, bleeding, surgical excision,
bandaging and psychiatric methods for curing mental
conditions.

Poisons: Thl' types of poisons, toxic effects, tIll'
mode of action and specific antidotes are discussed
'in dc,tail. It was realized that even deadly poisons
c"n be converted into excellent medicines by the
right method of application aud medicinal values of
many venoms "nd vegetable poisons han' been
mentioned.

Wl'ights, nwasures and techniques lIsed for the
compounding of medicines "nd the chemical processes
adopted in the preparation of drllgs present sonll'
inh'n'sting facets of tlw chemical knowledge m'ailabll'
during (araka';; times.

VihltC/!:lIlIaidva or thl' theory of classification is a
fl'ature 'of (afalla samhila, '

The days of SOllll'a/sara (solar year), the nature of
the habitable land, the types of living creatures,
plants and \'('getation, the physiological actions of the
plants, till' medicinal usc's of drall)'a (material
sllbstanCl'), diseases, poisons and hr'/llis have all been
subjected to analysis and classified,

The twenty tablcs co,'ering nearly three-fourths
the space art' the special features of this monograph.
The inform;ltion widcly dispersl'd in the original text
is systclTlatically docullll'nted and scientifically
presented.

M, SIRSI

How TO \\'HITE EFFECTIVE I{EPOHTS, programmed
by Federal Electric Corporation (Addison-Wesley
Publishing Co. Inc., I{eading, Mass.), 1965.
Pp. ix+31O. Pricl' $ 6,95

This book differs from other books on technical
writing in that it is bilsed 01; a new learning technique
called' programmed instruction'. Thc learner works
himself with it, takes active part in it and learns a
small amount of material at a time. When mistakes
are made, he is taught what the mistakl' is and how to
procel'd furthl'r in the study,

Technical writing is a neglected art in India.
Mere accumulation of knowledge without effective
presentation in the form of the written word will not
sl'rve the desired purpose of wide circulation and
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subsequent utilization of the knowledge. The need
for organizing regular courses for technical writing
at the college level to train scientists, engineers,
lawyers and other professionals to express ideas
clearly, accurately and briefly has heen underlined
in the reviewer's earlier review [this journal, 23
(1964), 114]. Cur experience. as also elsewhere. is
that the problems of writing do not merely relate
to spelling. grammar, syntax or semantics. Tke
organization of ideas in the proper sequence in a
manner suited to meet the requirements of the
particular audience to whom they arc directed,
the style and format, choice and arrangement of
contents, graphic and tabular presentation, etc., are
some parts of the mechanics of report writing.
To scientists and engineers. writing for the manager,
the specialist. the semi-technical man or the
layman, the writing exercise is of paramount im­
portance.

This book will be a useful adjunct to numerous
hooks which have apFeared on technical writing and
editing and style manuals. 1t is an effective pro­
grammed instruction course which will enable students
to write successfully in their profession. It trains the
student how to collect ideas. present ideas to a parti­
cular audience. determine the type of report and its
parts, choose the style and words appropriately,
recognizing loaded words and slanted presentations,
and represent his data. The book, being a self­
instructor, can be used by any student. A 17-page
instructor's "uide is also supplied with the book.

K. RAJAGOPALAN

THEOHY OF CRYSTAL DISLOCATIONS by A. H. Cottrell
(Gordon & Breach Science Publishers, New York),
1964. Pp. ix+91. Price S 2.50 (Faper bound);
S 4.50 (cloth bound)

This book is based on a course of lectures given at
Les Houches bv Prof. Cottrell in 1956 and deals with
the basic theory of dislocations in crystals. It
comprises nine chapters. The chapter headings
given below indicate the field covered: (1) Disloca­
tions and slip; (2) Geometrical propertit's of disloca­
tions; (3) Geometry of dislocated crystals; (4) The
elastic field of a dislocation; (5) Dynamics of
moving dislocations; (6) Forces on dislocations;
(7) Structure of the centre of a dislocation; (8) I m­
perfect dislocations; and (9) Dislocations and the
properties of crystals.

The exposition of the subject is systematic and
lucid as is characteristic of Prof. Cottrell. The book
has been meant to be a theoretical one and the reader
unacquainted with the subject will find it profitable
to read a book like Dislocations in crystals by W. T.
}{ead and other books, a list of which is given on
pages 1 and 2.

As the author has remarked, "The amounL of
work on applications of dislocation theory to the
understanding of the structure-sensitive properties
greatly exceeds that on the pure theory itself".
In the concluding chapter a few aspects of the
mechanical properties of the crystals have been
outlined. But a list of references to physical and
chemical properties has been given on pges 80-81 for
those interested in detailed study. Indeed at several
places in different chapters the author has added
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references up to 1962, amI small noks to indicate
recent developments.

It is an excelit'nt hook and condenses in 91 page,
the basic theory of one of the rapidly dewloping and
spectacular fields in ,olid state physics.

A. H. VEHMA

THE CUIlE l\L\llE hTEHE";T1K/; bv Anida Ehrenfeucht:
translated from the Polish hy' \Vaclaw Zawadowski
(Pergamon Press Ltd, ()xforcl). 1964. Pp. \·ii+83.
Price 21s.

Tile cube IIII/de ·':lIt<'Ye.~lillg is the ninth of a series of
Jlopular lecturl'S on mathematics that Pergamon Press
is bringing out on a "ariety of mathematical topics
hy a number of distinguished mathematicians. edited
by I. N. Sneddon and;\1. Stark. The most interesting
feature of this book on the cube by Ehrenfeucht is the
ingl'nious device of employing what arc callcJ
(waglyj>lIs instead of thl' more usual two-dimensional
diagrams CCJmmonly employed to d""elop geometrical
arguments. As the book explains at the yery outsl'l,
anaglyphs arc strange looking two-tone drawings in
red and blue lines so made that the n'd part shows you
what you see with YOllr left eye and blue part shows
what yOll sec with your right l'y". The book also
has been provided with two-tone glasses with which
these anaglyphs are to he se,'n. Whl'n an anaglyph
is viewed through such two-tone glasses. each eye
sees its part of the drawing and yOll sec rising out of
the two-dimensional figure on tIl<' page a three­
dimensional stereoscopic pictun' of a solid cube
made of bars. What is more is that the author
manages to pull out of the cube a din'r,ity of
polyhedrons like the regular octahedrons or Egyptian
pyramids by yarious artifices such as di"iding the
cuhe across one of its planes of syn,n1l'try and joining
the centre of each of the cube's faces to the centre of
each of the neighhouring faces hy straight lines.
You can see the inscribed octahedron inside the cllbe
by looking at the appropriate anaglvph throngh the
coloured glasses as if a solidmodd Wl're placed on the
page in front of you. With the aid of anagl"lJhs
the author expion's some of tIl<' most interesting
properties of the cube.

He begins by classifying the cube as a member of
a larger family of polyhedrons such as prisms,
pyramids. tetrahedrons. and the like. As a memher
of this family the cube is shown to conform to the
well-known theorem of Euler which requires that
V+F-E = 2, wherl' V, F and E arc respectiyely
the number of verticl's. faces and edges possessed by
the solid. As is well known, the cube has eight
vertices, six faces and twelve edges so that Euler's
equation quoted above is satisfied. But this is only
a beginning. The book proceeds to ;;how what
happens when we choose to diYide the cube by a
pbne of symmetry into two mutually symmetric
parts. Through a series of anaglyphs we can actually
see the various kinds of solids that can be can'ed out
of the cube by rotating it around its axes of wmmetrv
in "arious ways. In the next chapter the author
describes the sections of the cube when a plane j;;

made to cut through at least three of its faces. Since
a pbne is fully determined by three points, we may
take three points on three of the edges of the cube.
l! the three points chosen are on the three edges
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meeting in a v('ftex, the section is a triangle. But
if the plane cuts through four parallel edges, the
section is a parallelogram which in special cases may
be turned into a rhomhus, a rectangle, or a square.
.-\nd so on.

The author next proceeds to amuse us by showing
\l'hat one mav rio with a IlIltnbn of cubes of the same
,;ize but of 'different colours. The climax reaches
\l'hen in the last chapter the author considers a
paradoxical problem - how to make a bigger cube
slide through a smaller one. Suppose we have two
cubl's of unequal sides. (an we bore a hole in the
smaller cube so that the bigger can slide through it ?
~lost peaI'll' will answer' No '. However, the true
problem is 1/01 to put a bigger cube completely into the
smaller Olll' which, of course, is impossibk. But it is
possible to cut a hole out of the smaller one so that
the bigger one could only pass through, 'like a
barrel through a loose hoop'. If you want to know
how, you had better read t he hook. It will need
no more than high school geon1l'try to understand,
though a certain amount of m:ltnrity in mathematical
reasoning, in particular mdin1l'nts of group theory,
will be ,ieces,;ary.

The translation into English from the original
Polish is excellent.

,I.\(;J IT SII';';H

X-I<AY A!\J) EI.ECTIWN PHUHE ANALYSIS -Sympo­
siulll held at the Sixty-sixth Annual Meeting,
AST~I, 27 .Iulw 1<J63 (American Society for Testing
&: ~b(('ri:tls, Philadl'!phia), 1964. Pp. v +209.
Price S 10.00

This book contains the proceedings of the symposium
on X-ray and electron probe analysis held under the
auspices of the American Society for Testing &
~[aterials. The papers presented cO\'er X-ray spectro­
chemical :malysis 'md electron probe analysis tech­
niques, They tle;tI with mdhods of production of
X-rays, X-ray altd electron probe optics, detectors
and counting techniques, and the applications of
the"e ll'chniques to analysis of metals, minerals,
trace elements including thin films, and liquids and
solutions, and finally trace elenH'nts in biological
materials.

X-ray specfroscopy proyitles one more tool to the
analyst. As with many oth('l' analytical procedures,
special eire is to be taken to avoid sources of error
if one is to make the best of fhe particular technique.
In X-ray analysis, one such pitfall is the absorption
and enhancement effects. These have been adequate­
ly dealt with in the papers and methods suggested
to avoid them or to ('valuate tlH'm correctly. The
papers also deal with efforts being made to extend
X-ray !m'thods to the lighter elements.

The (,jectron probe method is relatively new.
The papers presented give an idea of the effort made
in the llSA to know what one can do hv this tech­
nique, its limitations and the actual results obtained
to date in till' field of metallography, mineral analysis
and biology. Its usc in dl'tecting 0'01 per cent of an
clement in micron size cells and its distribution
intercellnlarly and extracellularly opens up a vast
new field of application.

The book has been well presented with neat
diagrams and figure,. The inclusion of discw.;sions

makes the book more interesting. The book will be
found valuable to chemists, physicists and metal­
lurgists, and will be welcome addition to libraries of
universities, colleges, scientific laboratories as well as
industries.

]AG])ISH SHANKAR

CHEMICAL AND BIOLOGICAL ASPECTS OF PYRIDOXAL
CATALYSIS edited by E, E. Snell, P. M. Fasella,
A. Braunstein & A. H,ossi Fanelli (Pergamon Press
Ltd, Oxford), 1963. Pp. xv+599. Price £7

The list of reactions of intennediarv metabolism
where the coem~yme pyridoxal phosphate plays a
kev role is a formidable one indeed. Such reactions
include racemization of o:-amino acids, condensation
at cr.-C of glycine, serine, transamination, oxidative
deamination, decarboxylation, elimination of substi­
tuent on ~-carbon, replacement of substitnent on
~-carbon, ~-decarboxylation, hydrolytic cleavage of
,(-keto-o:-amino acids or replacement of substituent
on '(-carbon and arc responsible for the synthesis and
interconversion of amino acids and sulphur containing
compounds. Pyridoxal phosphate also participates
in a number of non-enzymic reactions such as metal
cataivsed transaminations ,md deaminations at
elev,ited temperatures. This property has been
exploited for elucidating the mechanism of action of
the coenzyme.

In a symposium on the chemical and biological
aspects of pyridoxal catalysis organized by the
International Union of Biochemistry at Rome in
October 1962, 48 papers were contributed by
leading workers of the world in this field and of these
46 have been brought together in this volume. In a
prefatory paper, E. E. Snell reviews the historical
aspects of the chemistry of pyridoxin with emphasis
on the need for further work on model systems
to elucidate the mechanism of action of pyridoxal
catalysed reactions and in a concluding chapter,
Braunstein presents an excellent survey ot pyridoxal
phosphate mediated enzymic reactions with particular
reference to the binding of the coenzyme to different
sites on the apoenzyme. In the intervening papers,
a rich and stimulating fare is provided on subjects of
such topical interest as diamine oxidases, trans­
sulphuration, kinetics of transaminase reaction, iso'
nictinic acid pyridoxal antagonisms, etc. The value
of the contributions is enhanced by the faithful record
of discussion at the end of each paper.

The volume would prove to be a very hclpful
companion to research workers engaged on pyridoxal
phosphate mediated reaction.

C. R. KRISHI\A MURT!

PHOGHESS IN BIOPHYSICS AND MOLECULAH BIOLOGY:
Vol. 13, edited by J. A. V. Butler, H. E. Huxley &
R. E. Zirkle (Pergamon Press Ltd, Oxford), 1963.
Pp. vii+32S. Price 90s.

This is the thirteenth volume of the series on Progress
in Biophysics and Biophysical Chemistry. The
title of the present volume has been changed to suit
modern trends in identifying investigations on
structure and function at macromolecular level
with the new discipline of molecular biology. Six
well-documented reviews on radiobiological mecha­
ni;;ms, radiation chemistry of aqueous solutions of
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nucleic acids and nucleoprotein" X-ray angle scat!er­
ing of substances of biological intere,t, ('nzymic
synthesis of nucleic acids, ultrastructure and kinetic
aspects of solute translocation in plant stems and
the mechano-c1ll'mistry of mnscular contraction an'
included in thi, I·olunlt'. Each H'I'iell' repreSt'nls a
wide field of experimental in\'(',tig:ations ,md critical
assessment of their theoretical basis, the rdel'ant
in'formation being drawn from lI'id('l" scat!('r('d
sources. The rel'iews arc of uniformly high standard
and fulfil the expected function of acting a, I'ital
links between text-hooks and ,cientific journab
dealing with the diverse subjl'cts discussed. Th('
reviewer's only regret i, that till' publislwr, han',
by fixing the price at 90s, kept the book Iwyom] the
reach of the ordinary rrsearch 1I'0rkrr.

e. R. KlilSHKA MlII<TI

BOOK NOTES

DICTIONAI1Y OF KUCLEA1l PHYSICS ANI> Nn;I.EAIi
CHEMI:;TIlY - GERMAN-ENGI.ISH/AMEIlICAN EN(;­
L1sH/AMEIUCAN-GEI{MAK, editl'd by Hans Rau
(Reinhold Publishing Co., New York), IlJ64.
Pp. 351. Price $ 8.75

Becau,e of the addition of :1 large numhl'r of nell'
words and terminologies in r('c('nt ~'ears in thc fil'ld
of nuclear technology, a second H'I'ised and enJargl·d
edition of thi, II'cll-knoll'n dictionarv has been found
neces'ary. Thr nell' edition inchides about SOOO
technical word, pertaining to tlH' various branclH's
of nuclear physic, and chemistry, ami gil'l's their
meanings from German to English and I' jet· \'('r'a.
About 1500 nuclear phy,ical and nuclt'ar chemical
symbol, as well as abbreviations arc also cxplained
both in Engli,h and German. The dictionar~' will 1)('
valuable a, a reference book to workers in researcl1
institution:; and unil'er,itirs. It lI'ill also ,er\'(' as a
valuable handbook for person, cugagrd in translation
of ,cientific articlrs.

PUBLICATIONS RECEIVED

NITCLEIC ACIIls; STRI'CTl1I1E, BIOSYKTHESIS AN [)
FUNCTION (Council of Sci('ntific <"I:. Industrial
Re,earch, Nell' Delhi), 1%5. P". xi+360.
Price I~s 20.00; 40s. or S 6.00

ROAD RESEAIiCH SPECIAL REPOIiTS No. I - Pl'ZZ<>­
LANlC CLAYS OF IKlll.\, THEIll ]KDlISTlnAf.
EXPLOITATION ANI> USE 1)/ EXl;I1\EEIHNl; WOI<KS
(Central Road Rc,rarch Institlltl', Nell' Delhi).
1964. Pp. viii+290. Price R, 13.00
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THE lKI>I:\N EI'HE~IEHIS AND NAl;TlC,\L AI.MAX ..\C
1'0(( THE YEAll 1%6 (Jlanagl'r of Pnblications.
Delhi), 1%5. P". wiii+462. Price /{s 14.00;
32s. Hd. or S 5.04

STlWCTUI1E ANI> 1"l'NCTIOX IN I{WI.(,l;ICAf. ~IEM­

nIL\NES: \'01. II,h~' J I.",. Kal·anan(HoldenIJa\·
Inc., San Francisco). 1%5. Pp. x+760. I'ric;'
S 14.75

ENGIKEEIHX(; THEHMOI>YK.UIlCS hI' l\Innir I{. EI­
Sadl'n (D. Van Nostrand ('0. (nc., Nl'\\' York).
IlJ65. Pp. w-\-216. I'rin' S 5.95

;\:\ IxTlWlll1('TlOK TO I{ ..\I'I.HIOX ('IIEMISTHY In'
J. W. T. Spinks ,'i: I{. J WOllds (.Iohn \\'ilel' i\
Sons Inc.. 1"\1' York). (964. 1'". xi+477.
Pricl' S 12.75

AI>VANCIM; hWNTIEHS IX TilE ('flnIlSTI<Y OF
NATll]lAI. I'IWI'l'lTS; \'01. I (Hindnstan I'nhlishing
Cor".. India). 1%5. 1'". wiii-j 311. I'riri·
I{s 35.00; 55". or S X.50

l)/TlWI,llCTIOK TO TilE TIIEOHY OF 1{E1.ATII·ITY ..lXI'
THE PHII\CII'I.ES of JIOI>EHX I'flYSICS hI' Hiis"I'in
Yilmaz (Hlaisd"'l I'nblishing ('11., Lon.lon). 1')65.
I'p. xil'-j 216

ADVANCES IX HETEI10CYCI.IC ('IIE~llSTHY: \'01. 3.
('dilt'd hI' 1\. I{. Katritzkl' (Acad"lllic Pr('ss Inc..
Nell' York). 1964. 1'". xiii-H21. I'ric,' S \.1.00

Rwm MIXIK,; AXI> S..UII'I.IKC TECIINI\!11ES 1:\
BIOCflEMISTHY -/\ SI'm"osinlll of th(' Inlt'r­
national Union of Hioch,·mistn·. "dit('d bl'
Britton (,hancl'. I{udolf H. EiSl'lli,anlt. ~]llt'ntiil
H. (;ihson ,'i: K. Karl Lllnl)('rg-Hollll (Academic
Press Inc.. ~"II' York). 1964. 1'". xii-j 400.
Price S lJ.OO

Qu..INTlIM OI'TlCS ANI' EI.ECTIW:\Il·, edilt'd b.'·
e. D('Witt. 1\. Blandin ,'i: C. ('olH'n-Tannondji
(Cordlln '" 11n'ach Sci('nCt' I'nhlishers Inc., :\"\1'
York), IlJo5. PI'. iN-! 621. I'ric(' S H.50 (paper);
S 10.50 (cloth)

('flEMIC"'. I'HYSKS "" SEmCo)/Ill'CTOHS hI' J. P.
Sllchl'! (D. Van Nllstrand ('0. Inc.. :\('II' York).
IlJ65. 1'". xii+ IlJ7. I'riet, 55s.

B..\SIC THEO((\, OF SI'.\CE ('O.'lMl'XIL\TIO:\S hI'
Fm"'rick J Tiscllt'r (D. \'an Nostrand ('0. Inc:.
Nell' York). 1%5. 1'". xix 1463. Price S 11.75

THE ('HEMICAI. FOllN I>.ITIl'XS OF ~IOf.E'TI..IH BlOl.oc\'
by I{olll'rt F. SteinlT (I>. Van :\ost rand ('0. Inc..
]\"\1' York). 1%5. 1'". xii·-/ 46H. Price S 12.00

INTE1(XATIONAI. SE1(IES OF ~10NOCILII'IIS ox 1'1'10': AXI'
AI'I'I.IEI> HIOI.()(;\,; \'01. 4- ()1.1l;OSACCHA1(lI>ES
by R. W. Baill'Y (1','rganlOn I'n'ss Ltd, Oxford).
IlJ65. PI'. vii-I·171). I'riet, 60,.



A new class of radio source
spectra NOTES & NEWS

Observation of the flux den­
:,ities of 35 non-thermal radio
SOUJU'S made at the Unin'rsity of
:'Ilichigan (using the univers;ty's
85 ft rdh-ctor) has indicalPd the
possibility of existence of a new
elass of radio source spectra.
\\"hen the flux densities of the
radio sources measurcd at HOOO
:'Ile/s. were compared with spectra
of the sallll' sourCes at frequencies
less than 3200 7I'lc/s., -it was found
that most spectra were eithcr
straight or curved downward at
the high frequcncy cnd of the
spectrum. How('ver, thl' radio
,ource 3('H4 which has becn idl'nti­
fied with the Seyfert galaxy Nr;C
1275 was found to have a flux
dcnsity at HOOO Mc/s. which was
four times grl'ater thau that
expected from a straight line
extrapolation of the spl'c1rum
obser\"l'd at frl'quencie,; h-ss than
3200 :'I1e!s. This is t1)(' first
instance where a radio spl'ctrum
ha\'ing such a pronouncl'd upward
turn in its spectrum with incn'as­
ing fn'quency has IWl'n obs('\"\·I'd.
Thus .v(;C 1275 may represent a
nl'W class of radio soilrcl' spectra.

If the low frequency spl'ctrum
of .vee 1275 is linl'arly inter­
polated to high fn'quI'ncies ;IIHI

subtracted from the obsl'rved
composite spectrum, an isolalPd
spectrum of a high frl'quency
componl'nt of the source is oh­
taim·d. This spectrum could be
produC('d hy thermal radiation of
free-fn'(' transitions ill a rl'giou of
ionized hydrogen t hat becomes
0P;ltlw' ncar 8000 Mcls, Based
on the assumption that the high
frequl'ncy compOlwnt is ;1 thermal
source, it is deduced that the
electron temperature cr,-) of thl' gas
is 4500"K. and that the mass of
the source (M) is 4 X 10Io/\olo(about
one-tenth the mass of thl' galaxy).
The prl'dicted free-frec aud PaschL'n
continua at optical frequl'ncies
from the above model is not in­
consistent with the optical magni­
tude of the galaxy. Howl'ver, the
integrated flux density of the H
line is a f('w orders of magnitude
less than the value predicted by
the ahove model. In ordN that
the obsel'\'ed integrated flux den­
sity mav agree with that theore­
tically deduced on the basis of
the thermal interpretation of the

radio spectrum, it is necessary to
adopt a value of 1·5 X 10· oJ(. for 1',.
and 2 X 10"M 0 for the total mass.
Photoelectric measurements of
the H~ flux of the nucleus of Nee
1275 and future angular diameter
measurement of the radio source
at frequeneics greater than 8000
)''lc/s. will be able to test the
validity of the above two models.
It is also possible that the high
frequency component of Nee 1275
is produced by a relatively fiat
synchrotron radiation spectrum
SImilar to that of 3C273B but
with a low frequency spectral cut­
off ncar ROOO Mc/s. due to self­
ahsorption, However, synchrotron
self-absorption at this high fre­
quency requires exceptionally large
magnetic fields [Nature, Lond., 205
(1<)65), 487J,

A new logarithmic scale of
temperature

A suggestion for the construc­
tion of a logarithmic scale of
t<-rnpcrature, since the linear abso­
lute scale of temperature docs
not stress the inaccessibility of
the temperature OOK., has been
made from the Departmcnt of
Chemical Engineering, University
of Ihitish Columbia, Vancouver 8,
Canada. TIll: new scale is based
on the rda tion T = c'F where l' is
the absolute temperature and
'V = J~(O)dO and depcnds on the
thermal properties (0) of the
system. The ')1' values correspond
to the values of the temperatures
in the new scale. The logarithmic
nature of the lI" function assures
tha t the zero value on the linear
ahsolute scale (T-scale) will be
reached asymptotically, that is
T = 0 when ,~. = - 00 and hence
the inaccessibility of the absolute
zero follows generically, not being
subject to imagination as is the
case in the linear scale [Na/ure,
Lond., 205 (1<)65), 489].

Atomic definition of time

The International Committee on
Weights and Measures at its XII
General Conference held at Paris
in 1964 tentatively adopted an

atomic definition of the second, the
international unit of time, The
definition is based on an invariant
transition of the cesium atom,
This definition, which facilitates
the expression of the results of
high precision time and frequency
measuremen ts, is in close agreement
with the definition adopted in 1956
(known as an ephemeris second).
An accuracy of 1 in 100 billion
(200 times that attainable by
the astronomical means) can be
achieved with the adoption of the
new unit, precise measurements
being made in a few minutes.
The exact wording adopted by the
con ference in respect of the pro­
posed definition is: " The standard
to be employed is the transition
between the two hyperfine levels
F=4,MF =OandF=3,MF =0
of the fundamental state 25\ of the
atom of cesium 133 undisturbed
by external fields and the value 9,
192, 631, 770 hertz is assigned ..
ITech. News Butt. U.S. Bllr. Stand.,
48 (1964), 209].

A new natural force

Physicists arc speculating about
the existence of a hitherto unrecog­
nized fifth natural force, in addition
to the existing four forces, viz.
nuclear force, electromagnetic force,
weak force and gravitation in the
decreasing order. The need for the
postulation of such a force arose in
an attempt to explain the two-pi
decay of the neutral K2 meson
which otherwise leads to a contra­
diction of the fundamental time­
reversal in variance principle. The
existence of such a force has been
visualized independently by physi­
cists at the European Organiza­
tion for Nuclear Research (CERN)
and those at the British Atomic
Energy Establishment. According
to them the forbidden two-pi decay
is due to it new natural force that is
weaker than gravity, The proposed
force would have one sign (repre­
senting a basic characteristic) if
produced by ordinary matter and
opposite sign if produced by anti­
matter. Assuming that the whole
of our galaxy consists of ordinary
matter, the potential of the fifth
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force energy at the earth's surface
should be almost entirely that pro­
duced by ordinary matter. If such
an asymmetrical force field exists,
one should expect that its effect
on m:ttter and antimatter will
be different. Its strength and
asymmetry would be just enough
to' convert an occasional neutral
K2 meson into a neutral K 1 meson,
which can decay into two-pi mesons
without violating the CP rule, If
the fifth force exists, the number
of two-pi decays should increase b~'

a factor of 100 if the energy of the
decaying particles is raised by a
factor of 10, Experiments to verify
the proposal are on hand at CER 1

and Brookhaven [Sci, Amer" 211
(No, 6) (1964), 621,

Evidence for the ' weak' force
interaction between protons
and neutrons

Recent observations made on the
directions of spin of gamma-ray
photons released during radioactive
decay of hafnium-181 by Felix H,
Boehm and Egbert Kankeleit of the
California Institute of Technologv
have indicated evidence for the
existence of the 'weak' force
interaction between protons and
neutrons, Protons and neutrons
are known to interact so far only
through the' strong' force (whicil
binds the nucleus together) while
only particles like neutrinos, elec­
trons and mesons interact through
the' weak' forces whose magnitude
is only 10-12 of the strength of the
electromagnetic force that binds
electrons to protons and 10-14 of
that of the nuclear force, It was
predicted several I'ears ago 1)\'
Richard P, Fevnman and Murra\'
Gell-Mann of the California Insti­
tute of Technologv that there
should be also a ' weak' force effect
in the interactions of protons ane!
neutrons, The recent observations
seem to lend evidence to this preclic­
tion, In the experiments designed
by Boehm and Kankeleit, the
directions of spin of gamma-ral'
photons released in the decal' of
hafnium-181 were determined,
This particular isotope has been
selected for the reason that if the[('
were no influence from a 'weak'
force interaction between protons
and neutrons, exactlv half of the
photons produced in the radioactive
decay should emerge with a right­
handed spin and exactly half with a
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left-handed spin, Evidence for the
, weak' force would be indicat('d if
these two numbers were not equal,
since this would indicate a violation
of parity, which is pC'fmitted for
nuclear el'ents associated with the
weak force,

The gamma rays elllerging frolll
hafnium-181 were sent through a
strong electromagnet, the polaritl,
of which was n'vrrsl'd ('vefl' 10 sec.,
thus making the photons to en­
counter electrons of alternating
spin directions, When photons and
electrons hal'(' opposill' spins tllf'
photons would be deflected from
the beam and would not reach a
detector scintillation counll'r. If
the spins were in the same direction,
deflection was less lik('h' and the
photon would be counll'd. Photons
were counted at the rall' of 15
billion a dal' for se\'('ral months,
and it was' [ound that on the'
average left-handed and right­
handed spins did not balance Ol\t
for 3 out of elUl' 10,000 photons,
Thus this ohser\'ation shOll'S that
parit~, is not fulh' ('Qnserl'(~d, indi­
cating that til(' , weak' force was
operative in the case of protons and
neutrons to a corresponding degree
[Sci, Amer" 212 (Ko, 2) (1965),
51],

Carbonaceous fuel cell

A significant step in the devdop­
ment of a practirallarge-scale, mal­
burning fue! cdl svstem for electric
power generation ilas !wen achiewd
b~' the del'('lopment of an exp('ri­
mental 100 W, ful'1 cell batten' at
the \,"estinghouse I{esearch Laliora­
tories, l SA, TIl(' fuel cell batt,'n'
S\'stem consists of 400 cells of tIll'
solid electroh,te !I'pe arranged in
ceramic c\'linders in 20 stacks of
20 cells ;'ach and coupkd to a
chemical reactor which generates
I'olatilc gases from coal. Til"
ceramic l'1('ctro!l'te permits an
all-solid construction, l'1imillating
liquids and paste chemical lIsed
in other tl'pes of cells, In till'
new system a mixture of hydrog('n
ami carbon monoxide gell('ratc'd
at the reactor (by passing sll'am
over hot coal) circulates througil
the stacks of fuel cells, whill' hot air
is kept circulating around the oull'r
surface of the ('('lIs snrrounding the
anode, Negati\'ely charged ions
are formed when electrons removed
from the anode attach themselves
to the oxygen molecules in the air.

MOI'ing through the solid electro­
Il,te the ions collect at the negatil'('
('Ie('(rode and combill(' with atoms
of the fnd gases, fn'eing thE'
electrons picked np at the anode,
Snch a displacement of the electrons
constituks the el(,ctric cnrrent,
The fnd cell hatt('n' is housed in a
heated o\'en to ma'intain the tem­
perature at I HOO''F, C(,II S\'stems
d('vploping s('v(Tal kilowatts, hOIl'­
el'er, could gem'ratl' enough heat
to maintain this operating tempera­
ture without th,' aid of an external
heat suppl,\' 1Me[II, Engllg, 87
(:'\0, 4) (1965), 63].

lon-exchan~e technique based
on reciprocatin~ flow

Studi('s l'Onducted at till' Toronto
Unil'ersit I' Laboratories hal'(' rl'snlt­
I'd ill till' <1"I'dopmellt of a modified
ion-l'xch;llIg(' ll'cilniqne based on
rl'ciprocating flow which holds pro­
mise of exll'ndillg the applicabilitl"
of the tl'rhniqm' in snch an'as wlH'rf'
it was considered nn,'conomiral so
far. A tl'pical application of tIl('
!<'chniqu(' is in th,' n'mol'al of scalr­
forming ions from salim' lI'aters,
S('a waler is Crd to the top of the'
n'sin colnmn, forcing thl' n'gencrant
(brin(' from the distillation) out of
tile' bottom and into a resen'oir,
\\,Il('n sra w;lt('r [('arhes the bottom,
it is dil'('rt('d to the distillation
set-up, At the proper time, th('
direction of the flow is rel'ersed
hy manipulating thl' I'al\','s and the
rrgenerant forn's sea water in the
rohul1n bark ont of the top and
through an exhaust line, Again
the dirrction of flolI' is cilang('d
bl' manipnlating the I'all'('s and
sea lI'a!<'r enkrs the top of till'
cohlmn to start the rl'('''', Sea
watN and regl'nerant ;lI'l' c\'Cled
at l'!'rl' high rates (30-60 seLInTle)
which is possible brcause loll' I'vel;::
of loading arc nsed (5 pN cent of
the available n'sin caparitl'), This
leads to a high rate of l'xchan~e,

which, in turn, makes fast [1'Cling
possihlt-. A significant feature of
tile' ll'chnique is that mixing of
s('a water and rl'generant docs not
occur. Th(' int,'dal'(' is stable as it
travels np and down till' column
during c~'c1ing, A resin bed 4 in,
deep can n'mO\',' 89 per cent of
calcium and 55 J)('r cent of magne­
sium from spa water. This \'olume
is 0'5-2 per cent of that required
in a conventional column fCllelll,
Ellgng NelliS, 43 (8) (1965), 38J,



Sub-micromethod for the
determination of olefinic
unsaturation

The usc of bromine monochloride
as an effecti\"(' reag('nt for dl'lt'r­
mining the degree of unsaturation
on a sub-micro scale in a wick
variety of olefins has been n'ported
if. chem. Soc.. (1965), 1740J. Thl'
procedure for ddennining the un­
saturation consists in the addition
of a slight excess of standard
L:romine monochloride to 40-lm [lg.

of the organic material followed
by an iodimetric dl'l('rmination of
the CXC(',s of til(' rl';lg('nl. The
accuracy of t he met hod va ric'S fmm
±0-4 per cent for isolated douhlc'
bonds and certain iPss reactivl'
olefins to ±3 p<T cent for more
reacti\'e olefins.

A weighed sample of tl,(' un­
saturated compound is dissolvl'd in
1-2 drops of IN sodium h~'droxidl'

(for the majority of (l,r~-unsaturated

acids), or in 0·2 ml. of nwth;\Ilol.
The solution is cooled in ice and
O·IN brominc monochloridc' solu­
tion is then addl'd so that an excess
of 20-100 per cent is pn'sent
(usuallv betwc'cn ()-()2 and 0·10 mI.).
The solution is allowed to stand
in a desiccator containing ice until
thC' reaction is compldl'. Distilled
water (0,5 mI.) is then added to the
titration \'('ssd, and the solution
cooled in ice again for a further
30 sec. A glass-coverl'd rotor is
addl'd and thc tip of the micron1('(('r
containing the standard O·OI!\"
thiosulphate placc'd in thc' solution
before the addition of 2 drops of
15 per cent potassium iodidl' solu­
tion is made. I n this way, tl,,'
losses due to thl' \'olatility 'of the
liberait'd iodine arl' minifTli~(·d.

The solution is titratC'd to a wrv
pale yC'lIow colour, a few mg. of
thyodene are added. and the titra­
tion is continued uutil the dis­
appearance of thl' blul' colour.

With the majority of (l,rl-unsatu­
rated acids, a solution of mercuric
sulphate is addc'd to ad\·antage.
After addition of thl' hromine
monochloride reagl'nt, O·5M n1('r­
curic sulphate solution ('qu;d to
1·5 times (by voluml') the \'ohuul'
of the bromine monocblorick re­
agent is added. This also llL'cc'S­
sitates the addition of sutlicient
potassium iodide to convc'rt all the
iree mercuric ion to (HgI 4J2- before
the titration of the excess of bro­
mine monochloride.

NOTES & NEWS

Improved method for the
preparation of diborane

Diborane has been produced in
yields of up to 98 per cent by
rC'acting sodium hJorohydride with
the halides of mercury and anti­
mony in diglyme or triglyme solu­
tion at room tC'mperature under a
near vacuum. Developed at thC'
Department of Chemi,try. Univer­
sity of Exeter (UK). the method is
highl~' flexible, easily controlled,
and suitable for preparing calculat­
('d quantities of diborane.

Thc' diborane generator consists
of a 500 ml. three-necked flask.
fitted with an inlet tube, tap funnel
and outlet tube leading to a vacuum
pump via a series of traps cooled in
Iiquidnitrogm, except the first trap
which is kept at _78°C. to remO\'c
trac('s of \'olatilized solvent; di­
boranc' is collected in the other
traps. In a typical experiment the
stoichiometric quantity of halide
nC'edcd to react with 4 g. of 95 per
cent sodium borohvdride is placed
in the gener"tor with 20 ml. of
dried digl~'me, which is stirrC'd
magnC'tically. The generator is
,;wl'pt out with nitrogen and the
pressure reduced to near that of
the solvent vapour. The boro­
hydride dissolvcd in diglyme is now
added in small portions from the
tap funnel. Heaction is immediate
and exothermic and does not
require heating, Pumping is con­
tinued for IS min. after the final
addition to ensure complete trans­
ferC'ncc' of the diborane to the
liquid-nitrogen traps [('he111. & Ind.,
(1965), 471].

New source of niobium

Investigations at the Warren
Spring Laboratory in UK have
indicated that pyrochlore mineral,
"rc a potential source of reactor
grade niobium at lower costs.
This eliminates the expensi\"(~ nio­
bium-tantalum liquid-liquid sepa­
ration step required to reduce
tantalum to below 0,15 per cent
hy wcight in the preparation of
reactor grade niobium from the
conyentional source, columbite.

Pvrochlore, a calcinm niohate
(Na: Ca)2N~06(OH, F, 0), has
hcen recently investigated as a
ncw source of niobium. Like
columbite, pyrochlore is a member
of a n isomorphous series with
pyrochlore and microlite as end

members. However, there is a
difference between the two series
in the way they occur in nature.
Columbites always contain appre­
ciable concentrations of tantalum,
while, on the other hand, pyro­
chlare microbite series are clOSE'

to one end or the other, so far as
the niobium and tantalum con­
ten Is are concerned.

The niobium in the samples
was determined by decomposing
sample materials by digestion into
hydrofluoric acid, removing the
precipitated fluorides and evapo­
rating niobium solutions with sul­
phuric aciel. The determinations
were completed spectrophoto­
metrically, using the colour given
by niobium with hydrogen pero­
xide in a sulphuric-phosphoric acid
solution. The tantalum was deter­
mined by measuring the activit~·

of the separated tantalum after
irradiation of the sample materials
for 12 days at a neutron flux of
2 X 1012 n/cm.2 sec. Then, an in­
active tantalum solution was added
as carrier, and decomposition
effected by e\'aporation with hydro­
fluoric acid. The tantalum was
precipitated from a sulphuric­
tartaric acid solution with tannin
at pH 2·3, and converted to oxide.
This was dissolved in a hydro­
fluoric-nitric acid mixture, the
tantalum present extracted into
methylisoblltylketone, back-ex­
tracted into hydrogen peroxide
solution and precipitated with
'tannin at pH 2·3. The tannate
was ignited to oxide, weighed and
the activity of the tantalum-182
isotope measured.

Kiobiumjtantalum ratios as 10\\'
as 500: I may be satisfactory for
reaction grade metal and also for
alloy production as in the pro­
cessing of the mineral some pre­
ferential depletion of tantalum
occurs. The availability of pyro­
chlOl'es as a source of niobium
metal can be expected to make an
important contribution to an even­
tual reduction in the cost of this
element for industrial applications
[Nature, Lond., 204 (1964), 867J,

Use of microcrystalline
cellulose in thin-layer
chromatographic separation of
nucleic acid derivatives

Microcrystalline cellulose, ' Avi­
cel " has been used successfully'
for thin-layer chromatographic
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separation of bases, nucleosides
and nucleotides. Avice! micro­
crystalline cellulose has got a
number of advantages as a mate­
rial for use in thin-layer chro­
matography over the normal
unsubstituted celluloses. It re­
quires no binder for fixing it on
to the glass plate and all the
solvents normally employed in
paper chromatography can be used.
The layer obtained is very consis­
tent and one can even write on it
with a pencil. The very white
colour of the layer permits excel­
lent detection of spots by ultra­
violet light; even 5 ml-'moles of
nucleic acid derivatives can be
revealed on superfine grade Avicel.
Above all, the relative positions
of the spots are quite reproducible.
Utilizing the two-dimensional chro­
matographic procedure, phospho­
kinases of deoxynucleotides have
been successfully assayed.

The separation procedure in­
volves the following steps. Com­
mercial grade Avicel micro­
crystalline cellulose (American
Viscose Corporation, ;\1arcus Hook,
Pa; 30 g.) in 500 ml. of 5 miH
versene is stirred for 10 min., the
mixture filtered through a buchner
funnel, and mixed with doubly
glass-distilled water. Versene
treatment is repeated and then
the cellulose is suspended in 150 ml.
of water and degassed under
vacuum. On shaking, a homo­
geneous slurry, enough for 10
plates (12-7 X 16·7 cm.) is obtained.
Superfine grade Avice! can be
used as a suspension in water
without any pretreatment and it
will give better separations than
the commercial grade. The slurry
is poured on to a plate (preferablv,
wiped with alcohol just before use),
dried overnight at room tempera­
ture and in ventillated oven at
40°C. for I hr. Two-dimensional
chromatography is performed at
room temperature (18-22°C.) in
chromatographic tanks (21 x 21 x 19
cm.) filled with the solvent to a
height of 0-5-1 cm. Spots are
detected with the aid of a minera­
light short wave lamp [Biochim.
biophys. Acla, 95 (No. I) (1965), I].

A new deposition technique
for making high purity
thin films

Refractory metal films of high
purity can now be produced
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simply, easily and without an
ultrahigh vacuum by a new de­
position technique called getter
sputtering developed by H. C.
Theuerer of Bell Telephone La bora­
tories. In getter sputtering, the
metal being deposited acts like a
, getter' in an electronic vacuum
tube, reacting with and eliminating
unwanted gaseous impurities. The
new technique makes use of cathode
sputtering, a process widely used
to deposit thin films.

Previously, a vacuum as high
as 10-12 Torr (one lorr is equi­
valent to I mm. of mercury or
1/760 of a standard atmosphere)
was necessary to prevent contami­
nation of reactive metal films
formed by a vacuum deposition
process. This required special
equipment (the higher the vacuum,
the purer the film). With gett,'!'
sputtering, the same results arc
achieved with conventional labora­
tory equipment which operates at
much lower vacuums ranging from
10-3 to 10-6 Torr. Getter sputter­
ing can be used to deposit a wid,~

range of materials that require
strict control of composition, in­
cluding superconducting metals,
magnetic films, epitaxial semi­
conductors, compound films and
alloy films.

Unlike conventional cathode
sputtering, getter sputtering con­
fines the deposition of material to
the inside of a cylindrical con­
tainer (Fig. I). Inside the con­
tainer, which serves as the anode,
is a metal cathode and a thin
film substrate. The entire appa­
ratus is placed in a vacuum system.
The metal cathode is bombarded
by an inert ionized gas such as

Sh.LJU

Fig. t - Schematic drawing showing
the principa.l componcnts IIsed in getter

spnttcring

argon, causin~ tbe cathode to
emit or ' sputter' in all directions.

Contaminating ~ases such as
water vapour, carbon monoxide,
OX\'gen allll nitrogen enter the
va;'uum svst,'m through openings
that admit the cathode leads and
electrodes. However, as the gases
,~ntl'r thl' innlT container, the)' are
, gettered' by some of the metal
atoms being emitted from the
cathode. Some of the metal atoms
absorb the gases and deposit them
on the wall of the container. A
shutter shields the substrate from
sputtered metal until proper con­
ditions arc reachell and the
contaminating gases have been
gettered. Then the sbutter is
swung out of the way and catho,k
atoms sputt<-r on to the substrate,
forming a very thin, uniform film
of high purity, that is, a film with
the same composition as the
cathode material [News from. Bell
Telepholle I.aboraloric.<, 9 April
1965J.

Oscillopolarographic
estimation of denatured DNA

Denatured DNA in amounts as
small as 0'2 {lg. can be estimated
in tIll' presence of large e~cess of
natin' DNA hv an .'h-gant tech­
nique den'lop,'d at the Institntl' of
Hiopb~'sics, Czechuslovak Academy
of Sci,'nces, Hmo (Czecboslo\·akia).
TIll' simple :l11d rapid mL'thod is
based on the cathodic indentation
on the oscillogr:lm of dE/dt ag:,inst
Ii if dl'natured ])~A is subjected to
a.c. oscillographic polarograpllv.
Nati\'e D1\,\ docs not produce th,·
sanle inlh-ntation. lht' aplll'arance
of th,' cathodic indentation on the
oscillogr:lm of ])1\'\ is a rcli,hk
sign of lknaturation and can he
,'mplowd both to follow the roursl'
of ]);\,A den:lturation and to
nll'a-url' th,' e~lt'nt of den:lturation.
As litth- as 0·2 ml. of the sample is
suflicient; protein and I~NA do not
iukrr,.r,·. I\part fronl a polaro­
,'(ope, a "lwciall\' constructed
oscillograph clp:lhle of rt'6ist''ling
, lirst curn's' is required for the
,'stimalion of tl", ,'xlt'nt of ,h-­
naturation. As the electroh'\('
mediulu, a solution of alllmoni;lm
formate (0'3J1l) and sodium phos­
phate (O'05J1l, pH 7) can he used.
lb., dropping mtTcury electrode
can be polarized bv allt'mating
currl'nt of sinusoidal or rectangular
Sb:lp", and a fn'qtll'ncy of 50 cis.



Venaturation of DKA can he
carried out hy hl'ating J)NA
in a dilute ~olution of ~odinm

chloride and citrate for 10 min. at
100°e. and cooling the ~ample

"uddenh' iJl icc. Til(' 11('11' nwthod
cOlllpar('~ faYonrahly with ml'lhod"
ba~ed on til('. commonly ,'mployl'd
tl'c1m iq ue" of nit ra I'ioll'l "pl'ct ro­
photonll'try, I'i,;co~inl('try, :lIld
ultracentrifn!::<Itioll, h"th in it.­
SCO!-'l' and rapidity.

The o,;cillopobrographic IIldh"d
repn''''nls a nell' approach in till'
fidd of nnckic acid n',,'arch and
holds mnch promise to nnran,l
furthl'r information on till' pro­
pertie,; of the 1)l\A molecnle 18io­
chim. hiof>hv:<. Acta, 94 (11)(,5),
2<.13 .

A new immuno-electron­
microscope technique using
metal chelate antibody

Immuno-l'Iectronmicro'!'oPY, till'
identification of antigens nlade
\'isible und('\' l'!eclrnnmicroscopl'
by comhinin/-( thl'm \I·ith dectron
oj)aqul' antibodil''; modi tied hI'
conjngating with fnritin or by
introducing wit h tl'lracl'loxy­
Illl'rCUI'l' ar:<anilic acid and f>­
alllinophenyl nll'I'CIlr~' an'tall', ha,;
b('l'n ,;ucce"full~' "mplowd in til\'
"tudie" of intran'lInlar (knlopnl\'n(
of "l'\'(:ral I·in!','''. The dillicnlti,',;
,·ncounten·d during till' inkrprda­
tioJl of l'Il'ctronmicro/-(raph,; dlll' to
a numh('\' of lkpo,;it,; of fre(' ferritin
antibodi,'~ and non-conju/-(all'd
fl'lTitin particll'~ occurring on thl'
background and abo til\' non­
"pl'citic ad"orption to th,' non-anli­
gl'nic suhstance" ban' heen OITr­
come hI' till' 1ll'\I' melal c1Il'bll'
antibod,' (MCA) ll'chniqll\', d,',,­
cril1l'd hI' n''''arcb worker" at til\'
Depart nient of Bactniolog~', School
of Ml'diciJ1(', Kyu"hu \ 'nin'l"sit ",
Japan. In tid" (echJliqnl', onl~' tilt,
antigel]-;nltihod~' conlpl,·.\ i" fonrl\'d
and t he non-specific dl'I)()~i(,; on the
background are diminall'd.

Tvro,;ine n'~idul''; of y-gluhulin
molecu!L'" when di:lzocoupled with
allthr:lnilic acid act a" a c1l\'btinl(
agent for hean' nwl:lk "ii'll"
particle" of inflltenza I'im" (t~·P(' A,
"train PRH) tn'ated with MCA
"hOlH'd dl'lN' rin/-( at the onll'r
margin of the I'iru" particle OJl
ekctronmicrograph,;, indicating
that ~I){'cific antigen-antihod" n'­
action occurs on the "urfan' of thl'
particle. f';either hackground COII-
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tamination nor non-specific adsorp­
tion could be obscn·ed.

Identitication of small \'iru"cs
and localization of their antigenic
"uhunils hal'e b('en madl' po",ibll'
hy this Ill'\\' tl'chniquc U, Elcrlrrl1l­
mirrosc., 13 (1<.164), 133].

Study of membrane transport
phenomena by calorimetry

The applicatiou of moc\<orn Tian­
Call'l't calorinwlPr in the stud\' of
nH'mhranl' tran"port phl'nomeilon,
employing modd ,;y"lPm,; iu which
till' memhran(' con"titult'" 011(' of
Ihl' elements, ha~ been "ugi(e"ted.
Such a ")'''ll'm elllplo\'ing the
glucose oxidaSl' catal~'sl'd reaction
SI',;lPm (gluco"e+()2-?>gluconic acid
+H2()2) a" the "omce of hea t ha"
n'ITail'd thl' character of th,' tran,;­
port or the diffu~ion intl'rpo,;('d
nwml,ralll·s.

Singh' cdl thick lower leaf e!-,i­
dennis of th,' onion bulb quilt'
tolerant to l'n\'ironmental condi­
t ion" ha~ be('n int('J'posed lH'tween
an enclo"ure containing the ,'nz.\'me
gluco,,' ox ida",', and a ,;olution
into which gluco,;" "olution i" added
to initiate the reaction. To prlll'ide
an appropriate osmotic concentra­
tion prior to the arldition of gluco<e,
solution" on "it her side of the
nH'mbraJl(' containl'd I.-arahinose,
which i" n"ith('r metabolized hI' the
nwmhrane nor utilized a" a' ,;uh­
"Irate by the enZVIlll'. The heat
('I'oll'l'l! CIming the' reaction gin'" a
nH'a"ml' of tIll' migration of ghlco,,(,
:ICro", the m(·mhraue.

Thi" techniqne l'nahle~ iu a ,;ingle
reactiou to "tud\' the diffu,;ion or
tran,;port kinl'li'cs of "ub"tancl's
through nll'1ll hraJl('" ~ Hivelli1ll. lJifl­
f>hvs. Acta, 94 (1lJ65), 302].

A method for obtainin~ cell
monolayers from tissue
surfaces usin~ membrane
filters

The diHicultil'" encountered in
ohtainiug the \,'ucocylL',; from peri­
tum'al surface" of tIl(' j'(lstc/lrell(l
j>sl'lltlIJlllhl'Tl'IIlusi., infected mice and
guiuea-pigs han' been O\'erCOllll'
by u"ing a thin membrane tilter
(Millipore til tel', grade HA, LO\'ell
Chemical Co., WaterstOll'J1, Ma",.),
in"t<'ad of the COIl\'cntionalmcthod
of u"ing micro,;copic "Iides. Squares
of nll'lllbrane fillt'r~ (0'5-1'0 cm.)
placl'd plain ~icl(' down on the omen­
tUlll, p('J'itOlwal wall and I'isceral

surface of the diaphragm adhere
instantly to tis"ue surfaces, presum­
ably because of electrostatic char­
ges. Using a cotton applicator the
upper surfaces of the squares are
gently brushed to ensure ol'erall
contact and :Ire then carefllllv
pl'elt>d off and fixed by floating on
forlllol sa line. The peeled off
"quare~ are usually found to have a
monolaYPr of c('11s adhering to th('
contact ~urfacl'. TIll' fixed squares
:Ire stainpd and mounted with thpir
plain sides up for examination.

This ml'thod l'nables specific
arl'a" of ti",ue surface to be sampled
with recolw)' of intact cell mono­
l:JVl'rs and is particularly useful in
sampling the delicate tissues of
omentum. The location of til('
bacteria, whether extracellular or
intracl'ilular in the phagocytes, can
be det('rminrd by sampling animals
at intlTYal" afti'!' intraperitOlwal
inj('ction [J"lIturc,/,nnd., 205 (1<.165),
1134].

Isolation of enzyme-substrate
complex

A crl'stallinc purple enzyml'­
substrate complex has been iso­
latcd at the Unil·ersit~· of lago~'a,

Japan. Isolation of this enzyme­
substrate complex stems from thl'
stud\' of enzl'me eatall'sis using
f)-amino acid oxidase as the enzvme
and IJ-alanine as the substrate'.

In a general enzymic reaction
the enzl'lne (E) and substrate (S)
form an unstable intermediate
(E-S); at this stage the substrate
is actil'<lted b\' the enZ\'me to
E-S'. The intermediate gl\,es the
l'nd product (1') amI the free
enz\,me. The enzYme-substrate
coniplex i~ isolated il)' crystalliza­
tion by hrin!(ing the reaction
mixture to a condition under
which it accumulates.

The fla voprotein v-amino acid
oxidase was selected for charac­
terizing t he enzyme steps of the
reaction. Flayin (the coenzyme)
undergoes oxidation and reduction.
Tlw redox reaction can be followed
hI' chang('s in the absorption or
fluorescence of the enzyme.

In the experiment, 1 g. of the cn­
Z\'me (as a benzoate complex) wa"
dissoh'ed in 50 m!. of oxygen-free
pITophosphatc buffer (0·02M at
f>H 8,3) and I /-(. of v-alinine added
with stirring. TIll' enzyme re­
action was interrupted by elimi­
nating the molecular oxygen (an
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electron acceptor) from the re­
action and by lowering the pH
and temperature below the' opti­
mum. The purple crystals of the
enzyme-substrate complex so ob­
tained are hexagonal prisms with
bipyramids. Excess benzoate
added to the crystal solution (under
anaerobic conditions) liberates free
alanine molecules. But aeration
in the presence of a trace of
catalase gives pyruvate (P). Thus
the crystals appear to be com­
posed of a semiquinoid form of
the holoenzyme and the partially
oxidized substrate (E-S').

The crystalline enzyme-product
complex (E-P) has also been iso­
lated.. A suspension of crystals
of the enzyme-substrate complex
was dialysed overnight against
distil1ed water at 5°C. The sample
gradual1y oxidizes during dialysis
with the suspension changing from
purple to yel10w [Chem. Eugng
News, 42 (32) (1964), 34].

A haemoprotein from the
lipid of peanuts

The Plant Industry Station of
the US Department of Agriculture,
Betsvil1e, Maryland, has reported
a natural1y occurring haematin
protein in lipid fraction of peanuts
and other seeds [Nature, Lond.,
205 (1965), 1319J.

Both dry and imbibed peanuts
were ground amI extracted with
O,4M sucrose, and the extract was
fractionated by differential centri­
fugation. The only fraction that
showed appreciable amount of the
635 mil- absorbing material was
the white lipid layer eollected
from the top of the centrifuge
tube. The lipid also showed a
carotene-like absorption band at
480 mil-. The 635 mil- pigment
remained with the residue after
thorough extraction of the lipid
with methanol, acetone, ether,
chloroform or butanol, and the
extraction did not render the
pigment soluble to aqueous sys­
tems. A part of the 635 mil­
absorbing material could be solubi­
lized by extracting the acetone
powder with 2 per cent digitonin.
The concentration of the 635 mil­
absorbing pigment in the lipid
fraction was estimated and found
to be 9 X 10-6M.

The protein content of the digi­
tonin-solubilized solution, mea­
sured by the biuret test after
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dialysis and precipitation of the
protein with 10 per cent trichloro­
acetic acid, was 10 mg.jml. The
haem content, estimated from the
absorption spectrum of the solu­
tion after addition of CaC03, as­
suming an extinction coefficient of
lOmM-1 cm.- J anda scatter intensi­
fication of 10, was 5 X 1O-6M.
This gives a ratio of 2 X 10-6 g.
protein per mole haem. The
strong affinity of the protein for
the lipid and the partial solubi­
lization by digitonin suggest that
the haem is attached to a lipo­
protein. Tbe digitonin-solubilized
material showed moderate catalase
activity and essentially no peroxi­
dase acti\·ity. The lipoprotein,
however, may not catalyse a speci­
fic reaction in vivo. In general, the
action of haematin compounds in
the oxidation of unsaturateel fats
is quite non-specific.

To ascertain how germination
affects the 635 mil- pigment, ab­
sorption spectra were measured on
intact peanut cotyledons from
seedling plants which were germi­
nated in the dark. There was no
loss of lipid content in the coty­
ledons during the first 7 days.
However, after that period lipid
content abruptly decreased. Thm;,
the haemoprotein appears to be
broken down as the lipid is utilized.
When haematin compounds cata­
lyse the oxidation of unsatura ted
fatty acids they arc destroyed,
presumably through reactions with
lipid peroxides.

Haemoglobin could either cata­
lyse or inhibit the oxidation of
linoleic acid, depending on the
ratio of the two compounds. At
a concentration of 1·2 X lO-"M,
haemoglobin inhibited the oxida­
tion of 0'017M linoleic acid, while
at a concentration of 4 X 10-6M
it was a strong catalyst with
5 X 1O-3M linoleic acid; however,
4 X 10-6M haemoglobin inhibited
the oxidation. The relatively high
concentration of haemoprotein in
peanut fat suggests that it could
have a protective effect, parti­
cularly in preventing the peanut
from becoming rancid during long
periods of storage. Howl'ver, if
the degree of lipid unsaturation
increased during germination, the
haemoprotein might change from
being an inhibition to being a
catalyst of lipid oxidation [/Jio­
chillt. biophys, Acta, 70 (1963),
336].

Automatic analysis of
bacterial ~rowth

Automatic instrumental analyti­
cal tl'chnique" usinl-: Technicon
autoanalys('r components (Techni­
con !u,trunwnts Corp., Chauncey,
NY) have bel'n de\'eloped by
scient ish at l<utW·rs State Univer­
sity, U~A, which enable the mea­
sun'Int'nt simult;ll1('ous!v, automati­
cally ,lIld continuously' of the r,lte
of growth and enzyme syntlu',is in
bacteria. Employing this facility,
the ratl's of formation of turbidity,
total protein and m:ckic acid,
(HNA and DNA) in Escherichia
coli growing in simple media have
bcenllll'asured. ~Ietho(bhaw al,o
be('n developed for continuously
monitoring th(' ,ynt!w,is of the
,'nzyml's r~-galactosidase, acid phos­
phata,.e and alkaline phosphat;lse.

Turbidity of the culture Illt'dium
indicating backrial growth was
measured aft"r mixing a stn'am
of the culturl' with a strt',lm con­
taining a lixati\'e (formaldehyde)
and a surfactant (Tween-20), and
passing the str('am through a
Technicon coloriml'ter flow c('11.
The absorbancv of solution i,
mea,ured at 55(j miL and read on a
recordl'r.

The biuret nwthod i, uSl'd for
prote'in d('[('rmination. Thi, i,
C<lrril'd out by partial hydrolvsis
of a stream of whole culture wit h
hot alkaline tartrate to dis,;oll"t·
the protl'in. The re,ulting dig('st
is filtercd through filtl'r pap'r
using autoanalys('r continuous
device. The lilt rate is combined
with til(' colour d('wloping reagl'nt
stream (copp('r tartrate solution).
The two solution, react to form
the biuret colour and the r(,'ldting
colour('d solution is pumFd
through the colorimeter flow cdl
and til(' optical density mea,ured
,I t 550 miL and r('ad on a recorder.

For nucleic acids determination,
a hot acid extr,lct of the whoh'
cultlll"(' i, pr('pared by combining
the culture stream with hydro­
chloric acid and passing the com­
bined stream through a coil im­
nwrsed in a bath at 95°[. Th(,
insoluble materials arc dacankd
and the extract is split into two
stre,lIlls, one for RNA and the other
for DNA analy,i,. RNA is ml'a­
sured u,ing the orcinol (3,5-di­
hydroxy toluene) reaction. Thl'
strealll for HNA is mixed \vith an
orcinol reagent stream and h('ated



at 95°e. to develop the colour for
the determination. Afte!" cooling,
thc' coloured solution is pumped
through the flow cell of the colori­
meter and the optical density
measured at 660 mil, The stream
for DNA is comhined with di­
pll\'nylamine and ;liso heated at
95'C. for colour clt-Vl'lopnH'nt.
.-\fler cooling, tht, coloured solu­
tion is pumped through the colori­
mc·tc·r flow cell and til(' optic;li
densitv measured ;It 600 mil.

L;ilig autoanalyser compouenls
Delay and lImhrt'it Ilave !nl'asured
~j-gafactosidasl' hv hydrolysis of
o-liitrophenyl<~-l >-gal;lctoside; acid
phosphatase is detl'l"mint'd hy tht·
hydrolysis of p-nitrophenyl phos­
phalC' at pH 4·0 while alkaline
phosphatase is ddennined the S;lIlH'
wav at pH 8·8. For t'ach t'nzymt'
determination the optic;li clt-nsity
of nitrophenol forllled on hydro­
Iv,;i,; is measured ;tt 420 mil undl'r
:llkaline conditions.

The automatic analysis system
ha,; heen usc'd to determine til\'
('Hecls of antihiotic treatments.
"'heu streptomycin is ;ldded to
an Esc!l. coli culture, U\l'rt· is ;1

delav befo!"e the rat!" of turbidity
fomiation slows down and hc'fort·
the protein, ]<NA and DNA syn­
thesc's are inhihit!"d. But if chloro­
amph('nicol is added, the incre;lst'
in culture turhidity and protein
stops immediatl'iy, ;lIld I<NA and
DNA svnthescs continue for some
time. 'Other studies using this
syslC'm include tht, effect of sul­
phur compounds on thc' regulation
of I<NA, and protein synthesis
and the effect of n1l'thionine on
the protein synthesizing ability of
I<NA.

The disadvantages involved in
the study of the hacterial growth
by manual mc·thods haw bl'l'n
overcome by using the automatic
continuous analysis system I(!lCIII.
Engnr; News, 43 (3) (1965),38].

Mutational analysis and
protein structure

Studies with the tryptophan
synthetase A-protein mutants of
Esclleric!lia coli have revealed a
structural relationshi p between the
amino acid position and the
changes associated with forward
and second site reverse Illuta­
tion.

I t was observed that seven diffe­
rent amino acids could occupy the
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same position in A-protein. Two
mutants of A-protein (A-23 and
A-46) were enzymatically non­
functional. One of the mutants,
A-46, undergoes a reversion at a
second site in the A-gene, which
It,,1 to a change in the amino acid
situated 36 residues from the posi­
tion at which the original amino
acid change occurred in mutant
A-46. Anah'sis of priman' struc­
ture of six protcins rrom second
site revertants indicates that all
the second site changes involv(>
the same tvrosine-cystine rrplm'c,
nH'nt. The studies of forward
mutation reveal those mutational
events which lead to a loss of
funclion and tlte reverse analvsis
revc'als the spectrum of mutatlon­
allv permissible changes in amino
aci'ds that can restore a functional
protein. Additional information
on the relation between changes
in primar\' structure ;Jnd enzvme
function was obtained dming rever­
sion studil's carried out on another
mutant, A-IS7.

This mutational approach may
be of considerable help in the
elucidation of those tertiarv struc­
tural relationships which' are of
significance in determining enzyme
;Jclivity in vivo [Science, 146 (1964),
1593].

Role of sulphur in the
genesis of petroleum

Investigations at the Petroleum
I<eseardl Laboratory of Carnegie
Institute of Technology, Pitts­
hurgh, have thrown light on the
possible role of sulphur in the
genesis o[ petroleum. The amount
of sulphur in the organic material
from plants and animals seems to
be too small to account for the
large amounts of sulphur com­
pounds in some petroleums. A
thermal reaction between elemental
sulphur and the organic material
of the sediment may be responsible
[or the gencsis of the sulphur­
containing compounds.

Cholesterol reacts readih' with
sulphur at 150°C. with the" evolu­
tion of hydrogen sulphide and the
product of reaction contains hydro­
carbons. Some of these have a
benzene, some a naphthalene and
some a phenanthrene ring system
as part of the molecule. Farnesol
reacts with sulphur at 135°e. and
cadalene has been identified as
one of the products of reaction,

When famesol (25 g.) and sul­
phur (3 g.) were heated witb
stirring at 135°e. for 23 days,
hydrogen sulphide was slowly
evolved and the reaction product
obtained as a black tar (26 g.).

Thus these studies indicate that
petroleum type hydrocarbons are
produced relatively rapidly b\'
rcacting cholesterol and farnesol
with sulphur at temperatures no
mon' tban 5ooe, above those pre­
\'ailing in some sediments which
are com mOil I\' regarded as source
heds of petroleum, The reaction
at a temperature ncar 100°e.
would take place very slowly, but
over a long period of time may be
expccted to produce the same or
similar hydrocarbons [Science, 147
(1965), 499].

Progress Reports

Ford Foundation

The Ford Foundation has,
since its inception, spent amounts
totalling $ 2,2 billion by way of
grants to 5261 institutions and
organizations all over the world
including the USA and 76 other
countries. The highlight of the
last vear's (1963-64) programmes
was the Foundation's support to
population control. Out of a total
approved grant of $ 235 million,
nearl" $ 35 million were earmarked
to programmes on population
control. Aided projects include
researclt in reproductive biolog\'
which may lead to improved birth
control methods, and training faci­
lities for personnel ranging from
demographers and public health
specialists to midwives and medical
subprofessionals. As the branch
o[ phvsiology of reproduction has
not received due attention in
medical research, there is a shortag(·
of skilled scientific workers, and the
Foundation in its efforts to attract
more specialists has given grants
to encourage talented medical
and postdoctoral science students
to elect careers in reproduction
studies. The institutions that haw
been strengthened by the Founda­
tion to be the training grounds
for future personnel include the
Population Council's Biomedical
Division, the Zoology Department
of the University of Wisconsin,
the Weizmann Institute, and the
Zoological Society of London,
among others.

SOl



J. seT. INDUSTH. RES., VOL. 24, ~EI'TEM BElt 1965

The largest beneficiary of
the Foundation's programme on
population studies is India.
Implementing a $ 5 million pro­
gramme to reduce birth rates, the
Foundation granted S 1,246,000
to help intensive projects and
set up a national institute of family
planning, an institute of health
administration ami education, and
a central unit for research and
training in the collection of
population statistics. Work on
family planning in rural commu­
nities is being carried out at
Gandhigram in Madras. Grants
were made to 12 research labora­
tories and many training centres,
and funds, cquipments and
consultants have been pro\'ided
in fields ranging from statistical
analvsis to contraceptive manu­
fact~re and motivational factors
in the various population groups.
The Foundation also helped in the
establishment of essential govern­
ment agencies for research co­
ordination, evaluation and per­
sonnel development in the fields
of demography and family plan­
ning. The Institute of Obste­
trics and Gynecology at Madras
will extend its research to use of
intrauterine devices, female sterili­
zation techniques, and the
immunological aspects of repro­
duction,

In the field of food production,
the Foundation has given grants
totalling $ 1,012,000 for training
agricultural engineers, improving
irrigation and drainage systems,
etc. Grants were given to the
Allahabad Agricultural Institute,
the Indian Institute of Technology,
Kharagpur, and the Punjab AgTi­
cultural University for training
agricultural engineers. Grants
($ 1·4 million) have also been
given for setting up four electrol11c
computer centres in India and
strengthening the Administrative
Staff College of India and the Insti­
tutes of Management at Calcutta
and Ahmedabad.
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Besides grants to educational
institutions, research programmes
on economic development and ad­
ministration, etc., several grants
were made to programmes con­
cerned with science and engineering
education and reproductive biologv.
The problems that are being studied
at various lahoratoril's with til<'
Foundation's grants include til<'
use of oral contraceptiVl's, tlll'ir
physiological and psychological
effects: usc of intrauterine devices
and their ph~!siological effects;
prediction of ovulatiou from hor­
mone extraction; and a method of
inoculation against pregnancy.

New Periodicals

International Journal of
Powder Metallurgy

The American Powder Metal­
lurgy Institute has commenced a
new quarterly International ]oltYllal
oj Powder Metallurt;y. Devoted to
basic and applied powder metal­
lurgy, this is the first journal in
the US devoted exclusively to the
subject. The journal is ,ivailahk
at $ 10 per year from the Institute
at 60 East 42nd Street, New York
10017, NY, USA.

Building Science

A new quarterly Building Science
has been commenced hy the
Pergamon Press Ltd, Headington
Hill Hall, Oxford, England, It
will cany original papers con­
cerned with the application of
science and technology to the
design, construction and mainte-.
nance of buildings. The annual
subscription rates ilrc: £ 10 ($ 30)
for libraries, etc" and £ 5 ($ 15)
for individuals.

Announcements

• The Lady Tata 1'v1 emorial Trust.
has awarded international awards
of the total value of £ 8100 to the

following for research in diseases of
the blood, with special refcrcncc to
leukacmias; .J. de Mileyer (France),
A. Agostoni (Italy), \!. Corneo
(Italy), D. \2uaglino (ltal~'), F.
S'lnartini (ltah'), (;. Tridcnte
(ltah'), U. Buonassisi (France),
.J. W. (;orrod (UI\) and i\I. :\latsu­
yama (Japan). Indian scholarships
for scientific investigations h,l\'ing
a bearing on the alle\'iation of
human suffering from disease han
been awarded to: Fredy .J. Danil'!
(;.s.V.M. Medical College, I\iln­
pur), A. K. Oeshpande (Uninrsit\·
of Poona), E. Lakshmi (Co\'l'ni­
n1<'nt (;l'ueral Hospital, i\ladras),
Nirmala Lakshminarayanan (All
India Inst itu1l' of Medical Sciences,
New Delhi), D. K. Manghani
(Sir .I. .J. (;roup of Hospitals,
Bombay), P. (;, I~. Pillai (G.S.\·.i\I.
Medical College, Kanpur), R Y.
Prabhu (Oepartment of Chemical
Technology, Bomhay), and I~.

Selvarajan (A.C. College of Techno­
logy, Madras).

• The Pulyuolu!!,ical Suciety oj India
- The Society, founded during the
comhined fifty-first - fifty-slcond
session of the Indian Science Con­
gress, offers life, ordinary and insti­
tution memberships. The Societ\·
proposes to issue two annual puhl1­
cations - the l'ulynolo{!,ical Bulletin
and the Journal oj Polyuulog\'.
Details regarding membership allll
other particulars can he had
from the General Secretan'­
Treasurer, Polynological Societ\· of
India, Nationitl Botanic C;ardcns,
Lucknow.

• ;In Intonatiunal Symposium on
C01llparatil'e HaCil/oglo1Jin Structure
will be held hv the Creek Bio­
chcmical Societ'y and the Oepart­
mcnt of BioclH'mistrv of the Aristo­
telian University o'f TIH'ssaloniki
in Thessaloniki during 11-13 April
1966. Enquiries may be address­
ed to the Secretary of the sympo­
sium, P.O. Box 201, Thessaloniki
(Greece).



Gallenham~
FLAME PHOTOMETER
MARK 2

still faster-more convenient

accurate determi nations
of sodium and potassium

* Accurate readings in 5 sec.

* Sodium 2 ppm full scale

* Potassium 5 ppm full scale

* Tropicalized photocell

* Immediate operation, no warming up

* Operates on town or bottled gas

* Easy servicing and cleaning

applications
Sodium and potassium determinations in:

Biochemical samples. pharmaceuticals. cosmetics, foods

Plant and animal tissues

Fertilizers, soils, water. oils

Cement, glass. ceramics and many other materials

performance
Sodium 2 ppm (0.087 mE/I) for full scale deflection

Potassium S ppm (0.12S mE/I) for full scale deflection

Sample uptake rate: '" ml/min.

Minimum volume for one reading: 0.5 ml (for accurate
results, the average of several readings should be taken)

Repeatability: I per cent

Gollenhom~

Ask for Publication 616

TECHNICO HOUSE, CHRISTOPHER STREET

LONDON E.C.2

Accredited Agents

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

SAVOY CHAMBERS, WALLACE STREET, BOMBAY I
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Contact Sale Selling Agents:

DEALERS IN LABORATORY EQUIPMENT
OF EVERY DESCRIPTION

'LAB-CHEN'

Gram: • Esvijack •

•
BOMBAY II

ANALYTICAL BALANCES &

WEIGHTS

PEERBHOY MANSION

460 SARDAR VALLABHBHAI PATEL ROAD

BOMBAY 4 (BR)

INDIA SCIENTIFIC TRADERS

Phone: 76336

for

INDUSTRIAL, RESEARCH & COLLEGE

LABORATORIES

Manufactu red by

LAB-CHEM BALANCE WORKS

SETT & DE
16 Ganesh Chandra Avenue

Calcutta 13
Phone: 23-9588

manufacturers of
MOVING COIL & MOVING IRON TYPE VOLTMETERS, AMMETERS (PORTABLE &

SWITCHBOARD TYPES), RESISTANCE BOXES, P.O. BOXES (PLUG &

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

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

for

LABORATORY AND INDUSTRY

OUR SERVICE DEPARTMENT IS ALSO AT YOUR DISPOSAL
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~~AT R~StSTANT AND

SCl~NTI~IC

GLASS VIAR~S

OLUCOSE SALINE BOTTLE

A SPECIALITY, ND_

CAN TAKE UP THE

F AB RICATION OF ANY

o
e>OMe>AY OffiCE

Co. operative Insurance e>ldQ,.
2nd floor, Sir P, Mehta goad.

I!>ombay I

Phone : 2~1791
aram : NUrgALGlAS

WORKS
Bom!lay Poona Road. AKUlIDI
'HItiICHW~. Poona'l9.
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SODIUM HYDROXIDE
PELLETS IN B.P. AND G.R. GRADES

A26

• Locally manufactured for the first time in
India under the internationally reputed
standards of E. Merck.

• Regular supply assured.

• Ease of handling and weighing.

• For Research, the Guaranteed Reagent
grade of Sodium Hydroxide is the
reagent of choice the world over.

Manufactured in collaboration with
E. MERCK A.G. Darmstadt, Germany

Sales Enquiries:

SARABHAI MERCK LTD.
P.O. Box No. 16555, Bombay 18
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S. H. KELKAR & CO. (PRIVATE) LTD.
DEVAKARAN MANSION. 36 MANGALDAS ROAD

BOMBAY 2

Gram: 'SACHEWORKS', RO~mAY-I)AUAT\

Manufacturers of

NATURAL ESSENTIAL OILS, AROMATIC CHEMICALS, RESINOIDS

& WELL-KNOWN' COBRA BRAND' PERFUMES, USEFUL

FOR ALL COSMETIC & TOILET PERFUMES SUCH

AS HAIR OILS, BRILLIANTINES, SOAPS,

AGARBATTIES, FACE POWDERS, ETC.

FOR SAMPLE AND PRICE, PLEASE WRITE TO THE ABOVE ADDRESS

WE MANUFACTURE

• AUDIO OSCILLATORS • BATTERY CHARGERS • BATIERY

SUBSTITUTES • DOUBLE WOUND SINGLE PHASE

TRANSFORMERS • ELECTRONICALLY

REGULATED POWER SUPPLIES

VARITRAN
(substitute for ordinary toroidal wound auto-transformers)

Detailed literature available on request

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

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

Branch Office: Kapasia Bazar, Ahmedabad
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Available from Stock

'lit ;."'j
.JIff;

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

accuracy: 0.1 pH, 10 mV

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

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

* ENDECOTT'S STANDARD TEST SIEVES

Contact:

PHARMA TRUST
114 PRINCESS STREET, BOMBAY 2

A28 jSIR-SEPTEMBER 1965



THE TEST OF EXCELLENCE. Consistently high quality and
unfailing reliability-tested and proved time and again in laboratories all
over the world! These make

BDH LABORATORY CHEMICALS the first choice in all
important analytical work. BDH Laboratory reagents, 'AnalaR' chemicals.
microanalytical reagents, testing outfits, stains, etc. today playa vital role in
industry, education, medicine and research.• Recent BDH booklets,
available free on request, include "Biological Stains and Staining Methods",
"Sugar Phosphates and Related Substances" .••

BRITISH DRUG HOUSES (INDIA) PRIVATE LTD..
Laboratory Chemicals Di.ision, 8 Graham Road, Bombay 1
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Over twenty years' proved
performance

(INDIA MADE)

X-RAY DIFFRACTION
APPARATUS

complete with

MAC H LETT Shockproof Beryllium
Window Sealed Tubes of different

Target Materials

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

•
MACHINE already incorporates voltage com­

pensator to compensate plus or minus
IS volts supply change

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

MACHINE for further STABILIZATION

CAMERAS of various types can also be
supplied for the MACHINE

•
also

X-RAY PLANT FOR BIOLOGICAL
RESEARCH & INDUSTRIAL RADIO­

GRAPHY & HIGH TENSION
TESTING SETS

•
DELIVERY EX-STOCK

NO LICENCE REQUIRED

Further details from

RADON HOUSE
PRIVATE LIMITED
7 SARDAR SANKAR ROAD

CALCUTTA 26
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RAW MATERIALS FOR

RESEARCH AND INDUSTRY-9

CERBERUS AG.
(SWITZERLAN D)

Special purpose electronic tubes, namely

cold cathode relay tubes, decade counter

tubes, voltage reference tubes and other

special purpose tubes

For further particulars contact:

K. S. HIRLEKAR
Western India House

Sir Pherozshah Mehta Road
BOMBAY I

Gram: INDBUREAU, Bombay' Phone: 251931/252073

MODERN SCIENTIFIC INSTRUMENT
COMPANY

48Aj48B SADASHIV CROSS LANE

BOMBAY 4

*
Direct Importers & Stockists of

'PYREX' Brand
Laboratory Glassware and

Apparatus

*
Manufacturers of

, MODERN' Brand
Laboratory Equipment

JSIR-SEPTEMBER 1965



Extinction Recorder with Integrator" ERI 10"
SALIENT FEATURES

• Double Beam Compensation Method. Autom2tic Optical Null Compensation. Extinction Curve with
Adjustable Height. Transmitted or Reflected Light Measurement as Selected. Filter for Various
Dyestuffs. Setting of Various Scanning Widths. Integral Curve with a Choice of 12 Integration

Constants. Device for Automatic Elimination of Trailing Defect

(GERMAN DEMOCRATIC REPUBLIC)

Birthplace and Centre of Modern Optics•"
IliiiQi

Sole Agents in India:

VEB Carl Zeiss dENA

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

KERMANI BUILDING. SIR P. M. ROAD. BOMBAY·' BR

NO. 22. lINGI CHETTY STREET, • p., MISSION ROW EXTENTION,. 4fl8,lWALA MANSION, MAl AU ROAD"
MADRAS-I CALCUTTII NEW DEL.HI
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>Mechrolab, Inc. 1062 linda Vista Avenue, Mountain View 3, California

VAPOR PRESSURE OSMOMETER

Model 301A

>PR ECISE, RAPID, AND CONVENIENT

Mechrolab V/P/O a new answer to • Molecular Weight

Determinations _ Osmotic Concentrations and Pressures.

Study of Association and Activity Coefficients

For • Research Laboratories • Process Monitoring • In­
spection and Quality Control. Medical Diagnosis. College

Instruction
FOR FURTH£R DETAILS:

GORDHANDAS DESAI PVT. LTD.
PHEROZSHAH MEHTA ROAD, FORT, BOMBAY-I.

P-7 MISSION ROW EXTENSION.

CALCUTTA-I.
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BRANCHES AT:
4/2 B. JWALA MANSION. No. 22. L1NGI CHETTY STREET.

ASAF ALI ROAD. NEW DELHI. MADRAS-I.



The Bausch & Lomb SPECTRONIC 20 has an unequalled extended range from
340 m:~ to 950 m:~. Here's a range almost twice that of any other Colorimeter ... reason
enough to put it in a class by itself -the only high quality colorimeter in its price
range using precision gratings. It has remarkable stability ... needle never fluctuates
even under severe power changes. There's no sacrifice in sensitivity ... even at the
lowest wavelengths. Reproducibility ... far better than any other. It's the easiest
one to use, too. That's why it's the top seller - with over 30,000 in use today,
throughout the world.
The SPECTRONIC 20 may be purchased separately or as part of a complete Data
Acquisition System . , . that can process 4 samples a minute.

BAUSCH & LOMB •

SOLE AGENTS:

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

SAVOY CHAMBERS, WALLACE STREET, BOMBAY I
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