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Bengal Chemical & Pharmaceutical Works Id. 
-,The Largest Chemical Works in India,- 
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RESEARCH 
MICROSCOPE 
The 

world's 
best.. . 

APOCHROMATIC 
OBJECTIVES 

COMPENSATING 
EYEPIECES 

ACHROMATIC 
CONDENSER 

All surfaces 

BALCOTED 

As supplied 
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ALL-INDIA 
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ELECTROTHERMAL

Laboratory Heating Equipment developed and manufactured by ELECTH.O­

THERMAL ENGINEERING LTD., LO DON, provide the ideal means of

heating substances safely, efficiently and economically. Uniform distribution of

heat makes accurate temperature control easy.
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$lease write to : 
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Manufacturers, importers and stockists of complete laboratory equipment and 
suppliers to 

COLLEGES, RESEARCH LABORATORIES, INDUSTRIAL FIRMS, 
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WILD, HEERBRUGG, SWITZERLAND 
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The N e w  

handy and 

easy-to-carry 

MICROSCOPE 
MODEL MII 

suitable for 

field work 

Available as 

* Monocular 

or .. ,A 

W I L D  Binocular Research Microscope 

J, Binocular MI, aRGL with dust-proof steel hood and 
leather carrying strap 

Extra Attachments for : 

* POLARISING * DARK GROUND * PHASE CONTRAST 

* PROJECTION * PHOTOMICROGRAPHY, ETC. ETC. 

Sole Agents Our Sub-Agents 

RAJ-DER-KAR & CO. 
COMMISSARIAT BUILDING 

H O R N B Y  R O A D  
BOMBAY 

Telephonp : Y-UM Telcjrarn : TECHLAB 

The Central Scientific Supplies 
Co. Ltd. 

2 Agaram Road. Tambaram. Madras 

The Upper India Scientific Works 
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A V A I L  
OF OUR EXPERT SERVICES 

In servicing, repairing and designing your Electrical and 
Electronic equipment such as : 

pH Meters, Photometers, Conductivity Bridges, 
Cardiographs, H.F. Equipment, Diathermy 
Units, Induction Heating Devices, etc., etc. 

W e  have been doing this for various Firms and Govern- 
ment Departments for over 15 years past. 

A TRIAL WILL SATISFY YOU 

RADIO ELECTRIC ( PRIVATE ) LTD. 
ZC LAMINGTON CHAMBERS, LAMINGTON ROAD, BOMBAY 4 

"KREMP" MEDICAL MICROSCOPE 
( MODEL ECK 2/31 ) 

This model has a special objective 6 L ( L=long focus ) which is 
essential for blood corpuscle-counting work. It has an own 
magnification of 44x. 

STAND E-Inclinable up t o  90". Standard draw tube (extension) 
of 37 mm. with millimeter scale. Coarse adjustment by 
rack and pinion motion, tine adjustment by micrometer 
.screw with graduated drum (operating knobs on both sides 
of stand ). 

FIXED square state 110 x 110 mm. with mechanical stage Ill de- 
tachable, graduated with scale and vernier reading to  1/10 
mm. with two lens condensor, of n.a. 1.4 with iris diaphragm 
screwed on, and filter bearing movable in a springed sleeve. 

Plane and concave mirror movable t o  all sides. 

O P T I C A L  E Q U I P M E N T  
Nose-piece for 3 objectives: 

Achromatic obiective No.  3 ( 1 0 . 3 ~  ) 
Achromatic obiective No.  6L ( 44x ) 
Achromatic oil immersion objective 1/12 ( 105x ) 

Huyghens eyepieces: 6 x .  lox. 15x 
Total magn~fication 1 5 7 5 ~  

Complete, as described above, i n  a mahogany cabinet w i t h  
lock and key 

Price on request 

UNIQUE TRADING CORPORATION 
Grams : U N ~ L A B  51-53 BABU GENU ROAD, BOMBAY 2 Phone : 30011 
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The design and construction of every modern Precision Balance manifests 
the injluence that STANTONS haue exerted during the past few years 

STANTON were first with : Synthetic Sapphire ( Corundum ) planes. 
Full weight-loading balances in Britain. 

.lances with a special applicati 
IS Density Determination. The 

ion - e.g. 
rmo Re- 

cording work, Remote Control Work. 

< % Model A.D.6 
.?;' 

& Capaci ty:  200 g. 
Sensilivily: 0.1 mg. ptv kal fd i t i i r io~t  

This aperiodic, projection-reading 
balance provides for external weight- 
loading of fractions up to 1 g. by means 
of a single dial. The new graticule reads 

, direct up to 100 mg., resulting in greater 
weighing speed and less fatigue. 

;;$;$$g;$y 
Model B.A.4 .. .-:*.: ....... S<., ;$c*<:.***y.' .$s;::*;~:::.$$: 

This balance represents another 
contribution by Stanton towards 

I greater balance room emciency. 
Only four dials Cive weieht- 
loading up to 200 9, - ~ r a t i g u l e  
reads direct UP to 100 mB.. and 

,*A$ 
' = j X * Z ! + % Y ~ % ~ ? % ~ $ Y & i X % % p ~ ~ ? ; ? @ ~ ~ $ $ ~ ~ ; ~ ~ ; ~ ~ ~ ; ~ ; : : :  ... 

7:or f i t 11  details write to : 

MARTIN & HARRIS Ltd., Savoy Chambers, Wallace St., Fort, Bombay Tel': 30073 

STANTON INSTRUMENTS LTD., LONDON, W.l 
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PHYSIOLOGICAL, 
PATHOLOGICAL, 

BIOLOGICAL & 
PHARMACEUTICAL 

LABORATORY 
REQUIREMENTS 

such as :  
AUTOCLAVES, INCUBATORS, 

DISTILLATION PLANTS, 
OVENS, VACUUM STILLS, 

FILTERS, BATHS & ALL 
SORTS OF GAS, WATER & 

VACUUM TAPS, ANIMAL CAGES 
& BOTTLE FILLING UNITS 

Ma RAMCHANDRA & SONS ' RAM DOOT ' 128 KELEWADI 

~ s t d .  1920 GIRGAUM, BOMBAY 4 

SP/MRS/5 

B O R O S I L  
LABORATORY GLASSWARE 

such as 

FLASKS. BEAKERS. CONDENSERS, MEASURING 

FLASKS, MEASURING CYLINDERS, PIPETTES & 

ANY SPECIAL APPARATUS MADE TO DESIGN 

and 

PENICILLIN VIALS. VACCINE BULBS-WHITE & 

AMBER 

0 

A L L  O T H E R  APPARATUS & E Q U I P M E N T  

M A N U F A C T U R E D  T O  CLIENT'S DESIGN 

INDUSTRIAL & ENGINEERING 
APPARATUS CO. PRIVATE Ltd. 

C H O T A N I  ESTATES. PROCTOR R O A D  
G R A N T  ROAD.  B O M B A Y  7 

Direct Importers 
for 

* LABORATORY CHEMICALS 

* PHARMACEUTICAL 
CHEMICALS 

* FINE CHEMICALS 

* VITAMINS 

* STAINS, etc. 

Please refer to:  

B. BABULAL & CO. 
71 PRINCESS STREET 

POST BOX NO. 2409, BOMBAY 2 

Gram : PETROLNM Phone : 28465 



Chemotherapy of + 

1 TUBERCULOSIS 

T H I Z O N E  
( p-Acetylamino Benzaldehyde 
Thiosemicarbazone ) 

Available in 25 mgm. tablets 
in paclzs of 50 and IOO 

I S O N I A Z I D  B. I. 
( Iso-Nicotinic Acid Hydrazide ) 

Available in 50 mgm. and 
IOO mgm. tablets in paclzs 
of 50, 100, 500 and 1000 

Manufactured by 

BENGAL IMMUNITY f + 
COMPANY LIMITED 

CALCUTTA 13 
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P U B L I C A T I O N S  
of the 

I N D I A N  S C I E N C E  N E W S  A S S O C I A T I O N  
92 UPPER CIRCULAR ROAD, CALCUTTA 9, INDIA 

1. SCIENCE & CULTURE-A leading scientific monthly of India, started 
in 1935. Also a good medium for publicity of scientific and industrial 
products. 

Annual Subscriptions ~ ~ ~ ~ ~ ~ ~ l l ~ r  4.00 { 
*2. INORGANIC CHEMISTRY by PROF. P. RAY (for B.Sc. Pass Students) 

Price Rs. 11 per copy 

*3. RETHINKING OUR FUTURE by DR. M. N. SAHA 
Price Rs. 2181- per copy 

*4. ATOM AND PEACE by EMINENT SCIENTISTS 
Price Rs. 1141- per copy 

*Transmission charges extra. 

For 
Scientific - Medical -Industrial 

LABORATORY EQUIPMENT 

Beck Kassel Microscopes & Accessories 
' Nedoptifa ' Phase-contrast Microscopes 

Refractometers, Spectroscopes, Telescopes 
Metrohm pH Meters & Strrrers 

Memmert Ovens & Incubators 
Palmer's Physiology Apparatus 

Bosch Balances, BHG Centrifuges 
German Summira Calculating Machines 

Original German Blue Seal Microslides and 
Coverslips 

Magnifiers, Binoculars, Telescopes, 
Microprojectors, etc., etc. 

~ CONTACT 

J .  T. J A G T I A N I  
National House, 6 Tulloch Road, Apollo Bunder 

BOMBAY I 
I I Port Box 332 Grams: FACMARE Phone: 35229 I 
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GENERAL LABORATORY & HOSPITAL EQUIPMENT 

' PRECIPEX ' Stills are offered as SINGLE, DOUBLE 

and TRIPLE DISTILLATION UNITS for PYROGEN- 

FREE Water with automatic or  manual control 

' PRECIPEX ' Incubators and Ovens, Water Bath 
offered to  suit your specific requirements 

' GASAFE ' Petrol Gas Plants from 100 cu. ft. t o  1000 
cu. ft. offer automatic gas pressure regulation 

' DEKEL' Electric Heaters offer replacements practi- 

cally for all makes 

ENQUIRE AT 

E N  "",,"2f' 

for laboratory & small scale production . . . 

PASCALL 
E N D  R U N N E R  M I L L S  

Ideal units for laboratory and small-scale production, 

and for grinding and mixing dry and wet materials. 

PASCALL END RUNNER MILLS are available in  

three sizes : lo", IS" and 20" diameter, and with 

either porcelain o r  metal mortars and pestles. Sup- 

plied either complete w i th  direct coupled motor o r  

w i th  pulleys for driving from an existing line shaft. 

GIDVANI & Co. POST B O X  No. 1778 
BOMBAY I 
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ROUTINE CHEMICAL 
BALANCE 

This balance has been designed to meet 
the normal weighings of chemicals with 
speed and accuracy. Its use has been 
wide in dyes laboratory where propor- 
tional weights have to be determined. 

I t  is made from properly selected mate- 
rials. 

Beam & Stand - Gunmetal 
Edges & Planes - Agate 
Case - Teak wood and glass 

As usual it carries our guarantee with 
it for our good worltmanship and service 
after sale. 

For further particuhrs 
please write to : 

SAPLE'S SCALES MANUFACTURING CO. 
(PRIVATE) LTD. 

PROSPECT HOUSE 
29 RAGHUNATH DADAJI STREET 

BOMBAY 1 

FLASK SHAKERS 
* 

CONSTANT 
TEMPERATURE OVENS 

* 
VACUUM EMBEDDING 

BATHS 
* 

PRECISION 
THERMOSTAT BATHS 

Ranges : 37°C. to 100°C. 
+S°C. to + 100°C. 

Variations f 0.0 1 "C. 
50. I "C. 

* 
VARIABLE TEMPERATURE 

INCUBATORS 
* 

MOISTURE 
DETERMINATION OVENS 

* 
NITROGEN ESTIMATION 

APPARATUS, etc. 

* 
Manufactured by 

UDAY SCIENTIFIC 
INDUSTRIES 

(PRIVATE) LTD. 
5 BHABANATH SEN STREET 

CALCUTTA 4 
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Hi lger  

Wavelength - Spectrometer 

7- - -  

An  instrument so designed that it can, in  conjunction 

wi th  a carefully co-ordinated range of  accessories, be turned 

t o  many uses. 

It can be converted into a Visual Spectrophotometer, a 

Monochromatic Illuminator, an Ultraviolet Monochromator 

o r  an Infra-red Spectrometer. 

For particulars write to : 

ASSOCIATED INSTRUMENT MANUFACTURERS (INDIA) 
PRIVATE LTD. 

INDIA HOUSE B5 CLlVE BUILDINGS SUNLIGHT INSURANCE 
FORT STREET P.O. B O X  1136 BUILDING 
P.O. B O X  II? CALCUTTA M I N T 0  ROAD EXTN.  

BOMBAY N E W  DELHl 
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- 

of B.D.H. Amino Acids are now 

WI)eHe malanufm$urd? in normal regular production as 
a result of development work 

1 - carried out in the B.D.H. 
Laboratories since 1945. They are available in 
adequate quantities for laboratory use and 
enquiries for larger amounts are invited. 

I T H E  B R I T I S H  D R U G  H O U S E S  LTD.  
13.1).H. LAUOKATORV CHI3MICAI.S GI<OUI1 

Lists and 1'00LIJ. I:N(.I.ANU 

further information 
may be obtained from 

I P.0. l % O S  1341, l {O\ l l$AY 1 
l(ranc11cs a t :  CALCUTTA - 1)liLl-Il - M A D R A S  

I 

P INCO GAS PLANT 
For Schools, Colleges, Research 
Laboratories, Hospitals and also 
for Cooking Purposes 

It can be placed in any corner of a 
building. It is electrically operated and 
run by petrol o r  by solvent oil. 

OTHER MANUFACTURES 
Physical and Chemical Apparatus, 
Incubators-Bacteriological and 
Hatching. Autoclaves, Ovens, 
Furnaces, etc., etc. 

I M P O R T S  
MICROSCOPES, SCIENTIFIC INSTRUMENTS AND APPLIANCES FOR SCHOOLS. COLLEGES, 

LABORATORIES - RESEARCH AND INDUSTRIAL 

PRECISION INSTRUMENT CORPORATION (INDIA) PRIVATE LTD. 
46 DHARAMTALA STREET. POST BOX No. 8905. CALCUTTA 13 

Telegram: Telephone: 
PlNCO, CALCUTTA 24-3171 
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FOR 
RAPID & ACCURATE 
CHEMICAL ANALYSIS 

use 

TINSLEY 
P O L A R O G R A P H  

with derivative circuit 

Here are some advantages: 

MICRO ANALYSIS 

HIGH SENSITIVITY 

QUALITATIVE & QUANTITATIVE ESTIMATION 

SIMULTANEOUS ESTIMATION OF SEVERAL CONSTITUENTS 
ON ONE POLAROGRAM 

ADAPTABILITY: ANALYSIS OF METALS-ORGANIC & 
INORGANIC SUBSTANCES 

REPEATED ANALYSIS ON THE SAME SAMPLE 

SIMPLIFIED OPERATION FOR USE BY SEMI-SKILLED STAFF 

ROUTINE ANALYSIS WITH SPEED & ACCURhCY 

* 
For furtl~er fiarticulars, please contact 

Sole Age& in India: 

PIONEER INDUSTRIES 
1 MANGOE LANE 139 MEDOWS STREET 193 MOUNT ROAD 

CALCUTTA 1 BOMBAY 1 MADRAS 2 
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We manufacture 

IONONE 100 PER CENT, IONONE ALPHA & 
BETA, GERANIOL & CITRONELLOL PURE, 
EUGENOL, CITRAL, GERANYL ACETATE, 

GUM STYRAX 
and other 

Aromatic Chemicals, Essential Oils, Resinoids 
and various perfume compounds useful for soap 

and other toilet articles 

S. H. KELKAR & CO. (PRIVATE) LTD. 
DEVAKARAN MANSION, 36 MANGALDAS ROAD 

BOMBAY 2 
Bvanch : Gram : 

Opposite City  Post Omce ' SACHEWORKS ' 
BANGALORE C I T Y  BOMBAY-DADAR 

CURRENT SClf NCE 
( Estd. 1932 ) 

The premier science monthly of  India devoted to  the publication of the latest 
advances in pure and applied sciences. Conducted by the CURRENT SCIENCE 

ASSOCIATION with the editorial co-operation of eminent scientists in India. 

A N N U A L  SUBSCRIPTION 
India: Rs. 8 Foreign : Rs. lo; 16 sh; $2.50 

ADVERTISEMENT TARIFF 
Full page Half page Quarter page 

I2  insertions Rs. 750 Rs. 400 Rs. 220 
6 ,, 400 220 I20 
I 9, 75 45 28 

SPECIAL P O S I T I O N S  

Per insertion Per insertion 
Front cover . . Rs. 100 Inside front cover . . Rs. 90 
Back cover . . 100 Inside back cover . . 90 
Facing Editorial . . 100 Facing Sci. News . . 90 

Advertisement charges are payable i n  advance. 

For further particulars apply to : 

THE MANAGER, CURRENT SCIENCE ASSOCIATION 
MALLESWARAM, BANGALORE 3 ( INDIA) 
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' A S C 0 9  
Manufacturers o f  highest grade 

PRECISION OPTICAL & SCIENTIFIC INSTRUMENTS 
for 

RESEARCH, INDUSTRY, LABORATORIES, SURVEY, ETC. 

ASCO 14" DUMPY LEVEL . Microscopes, Spectrometers, Goniometers, Interferometers, Photo-measuring micro- 
scopes, Theodolttes, Dumpy Levels, Precision Engineers' and Builders' Levels and 
Compasses . Laboratory F~t t ings and Semi-scale Industrial Equipment, such as Autoclaves, Small 
Boilers, Sterilizers, Distil l ing Plants, Ovens (Steam and Electrtcal) - almost everything 
from Gas Tanks t o  Gas Burners 

m Balances and Measuring Instruments . Complete Laboratory Equ~pment for Colleges and Schools 

Your valued orders and enquiries are solicited 

THE ANDHRA SCIENTIFIC Co. Ltd. 
(Managing Agents: Srimanth Industrials Private Ltd:) 

Head Ofice & Works : 
MASULIPATAM (S. INDIA) 

Branches at : 

4 Blacker's Road Janmabhoomi Chambers 
Mount Road Ballard Estate 

MADRAS BOMBAY 

Representatrves at. NEW DELHl -CALCUTTA - HYDERABAD (Dn ) -VIZAGAPATAM 

J.S.I.R. - MARCH 1957 A25 



I SCIENCE ASSOCIATION PUBLICATIONS 

I R O N  O R E S  O F  I N D I A  
DR. M. S. KRISHNXN 

In this book the author has surveyed the deposits, quality and quantity of iron 
ores in the different States of the Indian Union and has given a brief history of 
development of the iron and steel industry in Intlia from ancient to motlern times. 

Price : Rs. 51- inland; 10s. 6d. o r  $1.50 foreign ( including postage ) 

I N O N - A Q U E O U S  T I T R A T I O N  

I PROF. S. R. PALIT, DR. M. N. DXS & MR. C;. R. SOM.4YAJULU 

This book is a comprehensive survey of the recently developed methods of 
acid-base titrations in non-aqueous solvents. Acid-base concept, as developed 
by Lowry-Bronsted and Lewis, is succinctly presented in this slender volume. 

Price: Rs. 31- inland; 5s. o r  $ 1.00 foreign ( including postage ) 

JOURNAL OF THE ZOOLOGICAL SOCIETY OF INDIA 
Published bi-annually, containing original papers and reviews in all 

branches of Pure and Applied Zoology 

Annual subs&ption per volume of two issues 

FOREIGN: Rs. 22 INLAND : Rs. 20 

A few back numbers are also available, subjectJo prim sale. 

A few pages are reserved for advertisements at  rates available from the Honorary Treasurer. 

Reprints of a few papers of the Indian helminthologist, the ( late ) Dr. G. D. Bhalerao, 

Indian Journal of Helminthology G. Prof. Thapav sixtieth birthday Coin.memoration Volume, 1953, 

could also now be had from the Oliice of the Honorary Treasurer, Dr. B. S. Chauhan, 

34 Chittaranjan Avenue, Calcutta 12, India. 

A1I orders, remittances and communications regarding above should be addressed to the 

Honorary Treasurer. 
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' \N 1 L D HEERBRUGG (Switzerland ) 

The manufacturers of 

Highest Class Precision Optical 

and Mechanical Instruments 

WORKSHOPS 

LABORATORIES & 

SURVEY I WlLD THEODOLITE T I  I 

* Microscopes for colleges and research 

* Microscopes for angle and thread 
measuring 

* Testing instruments for plane surfaces 
4 * Drawing instruments of stainless steel 1 

* Levels, theodolites and aerial cameras 

* Distance measuring instruments, etc. 

WlLD LEVEL N2 

SOLE AGENTS : 

RAJ-DER-KAR & CO. 
COMMISSARIAT BUILDING, HORNBY ROAD I FORT, BOMBAY 

Telsphone : 26-2304 Telegram : " TECHLAB " 
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SCIENTIFIC RESEARCH & DEVELOPMENT 
'PYREX ' LABORATORY GLASSWARE 

' WESTGLAS' LABORATORY GLASSWARE 

' E-MIL ' GOLD/LINE & GREEN/LINE BURETTES, ETC. 

' H ' BRAND LABORATORY PORCELAIN 

' ROTOFIX ' ELECTRIC CENTRIFUGES 

' W H A T M A N  ' FILTER PAPERS - REAMS & CIRCLES 

m ZEAL'S HYGROMETERS, M A X .  & M I N .  THERMOMETERS, ETC., ETC. 

ALL AVAILABLE FROM STOCK 

Direct Importers & Stockists 

B. PATEL & COMPANY 
27/29 POPATWADI, KALBADEVI ROAD 

Phone: 38609 POST B O X  NO. 2040, BOMBAY 2 Telegram: CLASALSORT 

MANUFACTURERS OF 

NEUTRAL GLASS 
AMPOULES 

For further particulars, write to : 

BOMBAY SCIENTIFIC 
GLASS WORKS 

ARAB HOUSE. KHETWADI  IJTH LANE 

BOMBAY 4 . 
A28 1.S.I.R.- MARCH 1957 

A R V I N D  
for 

@ 
QUALITY FABRICS 

Sanforized-preshrun k 
SHIRTINGS . POPLINS . COATINGS 

and 
Multi-coloured prints 

VOILES . CAMBRICS POPLINS 

THE ARVIND MILLS .LTD. 
NARODA ROAD, AHMEDABAD 2 . 



P R O G R E S S  IN 

GLASS PLATES &d 

R A D I A L  S E P A R A T I O N S  
U S I N G  F I L T E R  P A P E R  D I S C S  KAWERAU'S T E C H N I Q U E  

The paper disc technique, introduced by Rutter, 
hasn~any advantages, especially for the small labora- 
tory. The apparatus is sin~ple, the zones are sharp 
and separate quickly ; furthermore, the chron~ato- 
gram can be analysed in sectors. 
Essential apparatus is a pair of glass plates, a Petri 
dish and other standard iten~s of laboratory glass- 
ware, together with a boxoffilter papcr (Whatn~an 
Nos. I, 4 or 20 are most c o n ~ ~ n o t ~ l y  used). Solvent 
is fed to the test spot through a filter papcr wick at 
the centre of the paper. The technique, with appro- 
priate solvents and developers, has been uscd for 
examining essential oils from plants, dyestuffs and 
an~ino-acid mixtures, and for qualitative and 
scn~iquantitative analysis of inorganic substa~~ces. 
The addition ofbacterial identification to the scope 
of paper disc chron~atography followed Woiwod's 
modification of Rutter's apparatus and procedure. 

Woiwod's technique involves the separation, and 
identification, of the end products of bacterial pro- 
tein n~etabolism. The disc technique has since bcen 
uscd widely for separating other atnino-acid nlix- 
turcs, sugars, dycstuffs, organic acids and inorganic 
substances. 

The i~nproved technique of disc cl~romatography 
by Kawcrau has given the pathologist a simple but 
exact means of investigating urine for sugars-par- 
titularly glucose, lactose and galactose-in cases of 
pregnancy. Kawerau's technique is in principle the 
sarnc as Rutter's, but is made more precise by use 
of the comparatively inexpensive "Kawcrau Cir- 
cular Chrotnatography Apparatus" and the speci- 
ally cut "Pattern KCT" papcr. 
The slots radially p1.1ccd in the paper confer the 
following advantages. They (i) enable vapour-phas 
equilibriu~n to be established speedily throughout 
the entire apparatus (ii) speed the application of test 
spots by prcvcntit~g intcrtnixing (iii) speed testing 
by allowing five spcci~~~cns to be cxarnined 
sin~ultaneously (iv) confine the passage of migrating 
substances thus ensuring more concentrated zones. 
The Kawerau technique is used generally for the 
examination of pathological specit~~ens for amino- 
acids and sugars, but it could equally well be used 
in other fields of chromatographic analysis. The 
"Pattern KCT" paper has bcen applied with im- 
proved results in both the Ruttcr u ~ d  Woiwod 
techniques. 

Now that you have rrad this report it may occur to yotr that Chriirnato- 
graphy cart hrlp yotr in yorrr rrsrnrch or prod~vtiott progrnnlme. IJ'su, our 
lotrg experierrce irr this sprrialisrdjcld is at yorrrJitl1 disposal. DLcuss the 
possibilities oj'chrornatlyraplty tuirh 

H .  R E E V E  A N G E L  & C O .  L T D  
9 B R I D E W E L L  P L A C E  L O N D O N  E C 4  

also a t  52 Dnane Street New York 7 

Sole distributors of 

WHATMAN FILTER PAPERS 
(MdrrriJkturers W. & R. Balsfurr Ltd.) 
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TEDDINGTON CHEMICAL FACTORY PRIVATE LTD. 
(Biological & Pharmaceutical Laboratories) 

SURCN ROAD, ANDHERI, BOMBAY. 
Sole Distributors: 

W. T SUREN & CO. PRIVATE LTD., P.0 .  b x  229, Bombay 1. 

Branches: CALCUTTA: P.O. Box 671 MADRAS: P.O. Box 1186 

..................................................................................... * 
! 
I 1 Equip your 
j laboratory 
1 i with 
I 
I 

1 LABORATORY & PHARMACEUTI- 

1 CAL CHEMICALS, ANALYTICAL & 

! L A B O R A T O R Y  R E A G E N T S ,  

AMINO ACIDS, STAINS, DRUGS, 

i VITAMINS, ETC. 

Directly imported by 

S. MATHURADAS & Co. 
P.O. B O X  No. 2113 
PRINCESS STREET 

BOMBAY 2 

Gram : " SMATHURCO " Phone : 30273 

THE EMlL GREINER CO. 
NEW YORK, U.S.A. 

World's Leading Manufacturers 

of Petroleum Testing Equipment 

for 75 years 

SOLE REPRESENTATIVES 
I N  I N D I A :  

L A B O R A T O R Y  
F U R N I S H E R S  
D H U N  MANSION, VINCENT ROAD 

DADAR, BOMBAY 14 

Branch : AHMEDABAD 
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TEMPO Laboratory Equipment 

KJELDAHL ASSEMBLIES 

for nitrogen estimation 

Distillation Stand 

Digestion Stand 

Six Test Heaters 

Condenser Rack 

A s k  for illustrated leajet 

IiJBLI).\IlL I)ISTILLI\TION ASSBJZI{LY 

u 

Co~rstruclio~r - Double-walled mild steel construc- 
tion with 2" gap between the walls filled with 
fibre glass. Outside finished in silver-grey 
hammered tone synthetic enamel and inside 
painted with heat-resisting aluminium paint. 

S i ze  ( work i~ tg  space ) - 14" x 14" x 14". 

Heating - Electrically operated on 230 V., 50 
cycle, A.C. 

M a x i m u m  tcm;berature - 250°C. 

Temfierature co~ztrol - By  means of a bimetallic OP 

thermostat. Variation not more than & 1°C. HOT A I R  OVEN 

Manufactured by : 

T E M P O  
INDUSTRIAL CORPORATION (PRIVATE) Ltd. 

1ST FLOOR, DEVKARAN MANSION, PRINCESS STREET 
BOMBAY 2 
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METAL NEEDS PROTECTION I Whatever the nature o f  the 
metal surface, it can be protected . 
indefinitely against corrosion 
by the use of a specific 
Shalimar Paint Product. 

. . . That's because only Shalimar 
Paint Products are backed by 
over 55 years of manufacturing 
experience i n  India. The - 
extensive paint research, 
constant progress, and develop- 
ment carried out is a 
guarantee that Shalimar 
Paint Products wil l  stand 
up to the difficult and 
extreme climatic conditions 
in  India. 

I 
I Whatever the need, specify 
I the purpose when you order 

' SHALIMAR 
PAINT PRODUCTS 
W r i t e  to P.B. 68, Calcutta-I, for the Shal imar  
Ready Reference leaflet which w ~ l i  ~ntroduce you 

m 
n 

to the complete range of our products. 
n 

$ 
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ZEISS 

NEOPHOT 

BRIGHT-FIELD . DARK-GROUND . POLARIZATION . PHASE CONTRAST 

Supplementaries for low-power and macro-work as well 

as for the Hanemann method of hardness testing 

VEB CARL ZEISS JENA 
* 

Sole Agents in India 

GORDHANDAS DESAI & CO. 
PHEROZESHAH MEHTA ROAD 

BOMBAY I 

P-7 M I S S I O N  R O W  E X T E N S I O N  22 L l N G H l  C H E T T Y  STREET 
C A L C U T T A  I MADRAS l 
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Prolongs life of refractories up to six times 
Preserves new or old brickwork 
Glazed surface reflects heat 

8 Prevents cracking and spalling 
Affords protection up to 3600F 
Increases boiIer and furnace availability 

BRICKSEAL 
IS IN A CLASS BY ITSELF 

and is extensive- 

ly used by Ship- 
ping Companies, 

also the Royal Navy 
-%&&& 

and the United States Navy 

Department, Power Stations, Rail- 
way Locomotives and has numerous applications in 

Industry where refractory furnaces are employed. 

1 FULL DETAILS FROM SOLE AGENTS & STOCKISTS 1 

Port Box 405 101. PARK STREET. CALCUTTA-16. Telephone 44-4766 (Two Lines) 

Branch Office : 21, Hamam Street, Fort, Bombay. . 
SM.4 
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A// dZll6Lt 
L'SEI) I N  ROUTINE .AND 

SPECIA1,IZISI) C'CII':NTIl~IC 

IN\~ESTIGATIONS CAN 

I IAD I N  .IT,T, SI'I<CIAT. 

QUALITIICS 

fvorn 

Scientifically minded and 
trained Rubber hlanufact~xrers 

MODAK RUBBER PRODUCTS 
PRIVATE LTD. 

VERMA'S BUILDING 
GOLANJEE HILL ROAD, SEWREE 

BOMBAY 15 

Gram : ' MODRUB ' I'l~onr .62139 

M A D E  I N  I N D I A  

HIGH VACUUM 

R O T A R Y  P U M P  
SINGLE STAGE & TWO STAGE 

Suitable for la\,oratory use 
anci similar 111 ptbrformance 
to those made ~n Germany, 

England and U.S.A. 

All Indian materials and construction 

BASIC & SYNTHETIC CHEMICALS, 
PRIVATE LTD. 

P.O. Jadavpur College, Calcutta 32 

From 

A MICRO 

to 

A PHYSICAL BALANCE 

you may depend on 

BR;~  B A L A N C E S  ' 
for their 

SENSITIVITY, CONSTANCY & 

DURABILITY 

Manufactured by 

K e y  I;aclory 9 Limited 
Service Station & Oficr 

335 NADESHWAR. VARANASI CANTT. 32 LATAFAT HUSSAIN LANE. CALCUTTA 10 
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gas PROVED 

cheapest & simplest 

of all 

PLANTS HEATING mediums 
AVAILABLE IN VARIOUS CAPACITIES 

I ' - - - - -  - - - - - -  
I I 

I  I 

also I , : for 
I 
I 1 

MAKERS OF , I : LABORATORY, SCIENTIFIC TESTING, 

SUPERIOR I : ASSAY & TEACHING WORK 

LAB0 RAT0 RY 
I I  

I - - - - - - - - - - - - -  
FITTINGS & 

EQUIPMENT 

viz. 

. GAS BURNERS I INDUSTRIAL PROCESS 
m GAS & WATER TAPS : HEATING in FACTORIES 

CLAMPS & STANDS : & HOSPITALS 
OVENS, BATHS, HOT 
PLATES, SHAKERS. STILLS, 

_ - _ _ _ _ - _ _ - - - - - _  
THERMOSTATS . . . . . . . . . . . . . . . . . . . . . .  

.ATOMIC ENERGY EQUIPMENT, viz. 
0 

Lead Castles, Isotope Containers. i for 
Remote Control Tongs, Geiger t 

Counter Stands : KITCHENS in 

rn FROTH FLOTATION CELLS HOMES, 
BALL MILLS, THICKENERS : HOTELS & 

a 

PUMPS & BLOWERS : DORMITORIES 
m STAINLESS STEEL EQUIPMENT 

I . . . . . . . . . . . . . . . . . . . . . .  

APPLY T O  MANUFACTURERS 

GANSONS EEE 
POST B O X  5576, BOMBAY 14 

DISTRIBUTORS ALL OVER T H E  C O U N T R Y  
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Welding and Cutting Equipment 
MODEL 23 /79  o r  23A/79  

EL" Lane combined welding and cutting 

P Various models in the 
Harris range of Oxy- 
Acetylene Welding and 
C u t t i n g  Equipment 
are available. 

equipment. Suitable for universal 

r-' pressure with 5 welding tips and 
3 cutting tips. Welding range : 

Additional welding 
or cutting to 1/32' t o  I/2", cutting range : 
increase range can , 118' to 6'. L- -....- I:->.. a".-. us ~upy~lcuar  s ~ b ~  o 

cost. 

o l e  D i s t r i b u t o r s  for 
JSA) Welding and ASIATIC A$~JLOXYGEN ATTACHMEN? 

.uctlng Equipment in w 
~ d i a  and Pakistan .) AND ACETYLENE CO., LTD. 

I II 7 v(II/ 8, DALHOUSIE SQUARE, EAST, CALCUTTA-! AOAF-1-S b 
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Advertise in IS1 B U L L E T I N !  
The IS1 BULLETIN i s  the only Standards Journal in  India and, there- 
fore, an excellent medium for advertising goods o f  quality. Its pages 
are at your service. Use them t o  advertise your goods and services. 

SCHEDULE OF ADVERTISEMENT RATES 
In#ertionr Full Page Half Page Quarter Pa#* 

154xl70mm 170xl14mm 144x81mm 
or or 

1S4x82mm 17Ox60mm 
RI Rs Re 

Fourth cover page 180 105 60 
900 525 300 

Third cover page and page facing I: 160 90 50 
second cover page 800 450 250 

i: 140 80 45 
Other pages 700 400 225 

For further particulars please wri te t o  : 

INDIAN STANDARDS INSTITUTION 
19 UNIVERSITY ROAD, DELHl 8 

b 



Details from : 

CHOSE BROS ( P e r f u m e r s )  
50 E Z R A  STREET, C A L C U T T A  I 

RESISTANCE A A N D A R ~ ,  
DIAL TYPE rn NE\\' DESIGN 

MINALPHA COILS 
ACCURACY 0.1 PER CISNT 

ENCLOSED CONTACTS 
NEGLIGIBLE CONTACT RESISTANCE 

T H E  S T A N D A R D  S C I E N T I F I C  
I N S T R U M E N T S  CO. 

115 BRODIES ROAD, MADRAS 28 

precision instrumentation 
problems 

consult us for expert advice 

W E  REPRESENT 

H. TINSLEY & CO. LTD., U.K. 

manufacturers of precision bridges, potentio- 
meters, strain gauger, galvanometers, etc. 

SOUTH-WESTERN INDUSTRIAL 
ELECTRONICS, TEXAS. U.S.A. 

geophysical and seismic instruments 

SHIMADZU SEISAKUSHO. JAPAN 

testing machines, precision scientific and 

laboratory equipment, optical instruments, 
electron microscopes, X-rays 

NIPPON ELECTRIC CO. LTD.. 
TOKYO, JAPAN 

precision telecommunication equipment. 

microwave ~ n d  radar equipment, broad- 
cast and transmitting equipment 

MAGNAFLUX CORPN., CHICAGO. U.S.A. 

non-destructive testing equipment, 
ultrasonic testing sets 

ENDEVCO CORPN., U.S.A. 

precision jet tasting equipment, 
accelerometers 

NORMA, VIENNA, AUSTRIA 

precision electrical and electronic measuring 
and testing equipment 

CARL DRENCK. COPENHAGEN, 
DENMARK 

industrial X-ray equipment, specially for ai r -  

craft, machinery and rtructural inspection 
! 

I ITALOMATEX, MILAN, ITALY 

textile machinery and equipment 

W. 3. ALCOCK & CO. 
PRIVATE LTD. 

7 H A S T I N G S  STREET, C A L C U T T A  I 

Phone: 13:3019 Grams: DECIBEL 
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aeinum 
for chemical analysis 

.The century-long experience of Johnson Matthey in both 
the manufacture and use of platinum apparatus, coupled 
with craftsmanship of the highest order, provides a 
guarantee of quality in all JMC platinum ware. Good 
design, close attention t o  dimensional accuracy and the 
highest standards of finish are combined t o  produce 
units excellently matched t o  their duties and of robust 
construction for long, trouble-free service. 

Jshnson <@i/ 
Matthey 

AVAILABLE EX-STOCK IN INDIA FROM 

R A M  L A B H A Y A  A R O R A  & S O N S  
16111 HARRISON ROAD, CALCUTTA 

Telegram: " METCHEMlKO ". CALCUTTA Telephone : 33-3256 
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Indian skill can make 
ANALYTICAL REAGENT CHEMICALS OF THE SAME 
HIGH STANDARDS OF PURITY AS THOSE MADE BY 
GERMAN. BRITISH 81 AMERICAN TECHNICAL SKILL 

* 
VERY RELIABLE INDIGENOUS SUBSTITUTES OF . 

GUARANTEED ANALYTICAL REAGENTS 
MAY BE FOUND IN 

B A S Y N T H  
B R A N D  

. . . . . . . . .  ACID SULPHURIC sp. gr. 1.84 
ACID HYDROCHLORIC,FUMING. . . . .  1.19 
ACID HYDROCHLORIC . . . . . . . . ,  1.18 
ACID NITRIC . . . . . . . . . . . , .  1-42 . . . . . . .  AMMONIUM HYDROXIDE 0.90 

AND MANY OTHER ITEMS ALL MADE IN INDIA BY 

BASIC & SYNTHETIC CHEMICALS, PRIVATE Ltd. 
P.O. JADAVPUR COLLEGE, CALCUTTA 32 
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Enzymatic Machinery of the Cell* 

0 NE of the most characteristic attri- 
butes of living systems as well as one 
of the most fascinating cellular mys- 

teries is the power of converting energy 
from one form to another. The muscle or 
the heart may be looked upon as a machine 
which converts chemical energy into mecha- 
nical energy. The shortening of the muscle 
fibre is a mechanical process initiated by a 
chemical trigger. The transmission of a 
nerve impulse is an instance of the conversion 
of chemical energy into electrical energy. A 
special chemical compound elaborated by the 
nerve cell sets in motion a train of events 
which leads to the flow of electricity. I'rac- 
tically every organ of the animal body is 
engaged in one form or another of energy 
transformation. The kidney and the red 
blood corpuscle are machines which convert 
chemical energy into osmotic energy. Salts 
like potassium salts are concentrated by these 
machines far beyond the point to which they 
would be present if no driving forces were at  
work. \Ve have in the ear a machine which 
converts sound energy into electrical energy 
in the form of a nerve impulse. The electric 
eel owes its invulnerability to its ability of 
converting chemical energy into electrical 
energy. 'I'he firefly is a remarkable machine 
for transforming chemical energy into radiant 
or light energy. The whole of our world 
economy is based on the capacity of the plant 
cell to transform the energy of visible light 
into chemical energy in the form of sugar ant1 
other products. 

The operational principles of these living 
energy transformers do not clcpend on the 
biological equivalent of pumps, motors, 
dynamos, storage batteries and photoelectric 
cells. The raw materials from which the 
cellular machinery has to be constructed 

- - 

*Popular lecture delivered by Dr. D. B. Grccn, 
consin, U.S.A., at the Forty-fourth Session of t h e  Inc 

have nothing in common with anything with 
which we are familiar in the engineering 
world. Nature has evolved her own unique 
engineering devices based on chemical prin- 
ciples which have been imitated in rare 
instances but never duplicated or equalled. 

Biochemists and physiologists have accu- 
mulated some knowledge in their under- 
standing of the machines or devices which 
Naturc has evolved for effecting energy 
transformations. In some areas very subs- 
tantial progress has been made and we are 
now very close to a detailed and intimate 
appreciation of the working principles. In 
other areas we have a very long way to go. 

One can take apart a machine like a watch 
or a timepiece and disassemble it into a large 
number of component parts each of which 
plays a role in the overall operation. Bio- 
logical machines do not lend themselves to 
this type of disassembly. Everything is 
woven together as it were in such an intimate 
fashion that no separation of parts is either 
possible or conceivable. In the functional 
units which carry out the rhythmic beating 
of a heart, the parts which are engaged in 
providing the chemical energy are so inter- 
woven with the contractile elements that dis- 
assembly in the mechanical sense is imprac- 
tical. The cellular machines have not been 
designed to facilitate analysis by the bio- 
chemist and biophysicist. More important 
considerations undoubtedly underlie their 
design. 

We must recognize that Naturc rarely 
constructs one machine to do a particular 
job of energy transformation. The rule to 
which there are few exceptions is that large 
numbers of identical machines are construc- 
ted which collaborate in effecting the overall 
performance. Think of a beating heart for 

Instilute of Enzyme Rcscarch. University of Wis- 
iian Science Congress, Calcutta, on 14 January 1957. 
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example. This can be subdivided progress- 
ively into smaller and smaller units which 
still exhibit the capacity for rhythmic con- 
traction. The process of subdivision can be 
continued down to the microscopic level and 
eventually to the molecular level which is 
beyond the reach either of the light or elec- 
tron microscope. In other words, the unit 
of the biological machine is a molecular unit 
and it is thus at the level of molecules that 
we have to undertake our analysis. This is 
true whether we study the beating of the 
heart, the reception of visual impulses, the 
phenomena of the kidney, the transmission 
of a nerve impulse, the transformation of 
radiant energy into chemical energy by the 
chlorophyll-containing cells of the green 
plant or the light emission of the firefly. We 
cannot see how the machine works by direct 
examination. Indirect and analytical me- 
thods have to be relied upon in order to gain 
insight. 

The cellular machines are obliged to work 
within a narrow range of temperature 
(0" to 40') and are, therefore, subjected in- 
exorably to the laws which regulate the well- 
being and happiness of the cell. If nutrition 
is inadequate, the cells fail, and by the same 
token, the cellular machines grind to a halt. 
All the factors which affect the well-being of 
the cell like oxygen tension, concentration of 
salts and nutrients, and temperature ob- 
viously must affect to an equal degree the 
cellular machines. 

In the conversion of chemical energy into 
other forms of energy Nature has elected one 
special compound, adenosine triphosphate 
(ATP), to serve as the storage form of che- 
mical energy. This compound has some 
special features. The purine base adenine is 
linked to ribose and finally to three phos- 
phate groups in a row. The special pro- 
perties which make this compound so suitable 
as a source of chemical energy are: (1) the 
'energy-rich' bonds between two phosphorus 
atoms through the oxygen bridge atom 
(P-0-P), which can be utilized for energy- 
requiring reactions and (2) the number of 
negative charges, four in all, which the mole- 
cule carries a t  the pH of the cell by virtue of 
the three adjacent charged phosphate groups. 
There are few biologically important com- 
pounds of similar molecular size which carry 
suchaconcentrated and high negative charge. 
In theory other compounds of similar com- 
position could have worked out just as well 

as ATP. But the cellular machinery is de- 
signed specifically for A'rP and so there can 
be no substitute. 

Role of ATP in energy transfmmation - 
The contraction of a muscle, a complex and 
not too well understood process, is initiated 
or set off by ATP. In this case, the essence of 
chemical energy is the concentration of a high 
negative charge on a specific organic molecule. 
When the contractile elements are exposed 
to thissubstancecarrying the negative charge, 
a wave of contraction is propagated through 
the muscle fibre. 

ATP plays an equally key role in the 
initiation of a nerve impulse but not quite 
in the same way. I t  provides the driving 
force for synthesizing a compound, acetyl 
choline, from acetic acid and choline. Acetyl 
choline has the same relation to the initiation 
of a nerve impulse that ATP has to the 
initiation of muscular contraction. I t  sets 
off a wave of disturbances along the nerve 
fibre which results in the passage of an 
electric current and in the transmission of a 
nerve impulse. 

In photosynthesis ATP does not initiate 
but instead it is formed as the end product of 
the process. Light energy is absorbed by 
the chlorophyll system and one of the end 
results of the whole elaborate sequence of 
chemical change which follows the absorp- 
tion of light is the formation of ATP from 
inorganic phosphate and adenosine diphos- 
phate. 

Role of enzymes in energy transformation - 
In all the energy transformations that we are 
concerned with in the cell we have come to 
recognize a universal principle, namely that 
of enzymes. The machinery of the cell is 
invariably based on the use and exploitation 
of enzymes. Every chemical reaction of 
the cell requires its own enzyme or catalyst. 
Taking the case of the beating heart in which 
chemical energy is converted into mechanical 
energy, the myosin fibres, which are the con- 
tractile elements of heart or muscle, inter- 
penetrate small rod-shaped particles, called 
mitochondria. These mitochondria are at 
the extreme limit of visibility of the light 
microscope. Large numbers of them are 
found in all living cells which take up oxygen. 
Within these particles is housed the enzy- 
matic machinery by which ATP is produced 
by the oxidation of a derivative of sugar. 
ATP produced in the mitochondria then 
triggers or initiates muscular contraction. 
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In the process ATP is broken down and then 
has to be resynthesized in the mitochondrion. 
The chemical reactions catalysecl or facili- 
tated by enzymes are thus interwoven with 
wondrously constructed materials like myo- 
sin of muscle or chlorophyll of green plants 
or the rods and cones of the eye. These 
materials then effect the actual energy trans- 
formation. 

Mitochondrion - A detailed examination 
of the mitochondrion is important for several 
reasons. Firstly it is a cell machine about 
which we know most. Secondly it is per- 
haps the prototype of all cell machines and 
lastly it is the most fundamental machine 
which Nature has elaborated - a machine 
without which all living cells which depend 
upon oxygen could not survive. The size 
of the mitochondrion particle is about that 
of a small bacterium. Every cell which 
depends upon oxygen, whether animal, plant 
or bacterial, contains similar particles with 
similar, if not identical, enzymatic functions. 
The mitochondrion appears to consist of an 
outer membrane with a double layer while 
throughout the whole of the interior there is a 
membranous ribbon which twists from one 
side to the other extending the length of the 
mitochondrion. The membranous ribbons 
in the interior are known as the cristae and 
it is probable that both the external mem- 
brane and the internal cristae have the same 
chemical composition and function. 

I t  is possible to shatter mitochondria into 
smaller fragments which still exhibit all the 
enzymatic functions and properties of the 
original mitochondrion. The mitochondrion 
is thus an aggregate or polymer of a large 
number of sub-units, all identical and capable 
of reproducing any and all of the enzymatic 
functions of the mitochondrion. 

The mitochondrion functions as a cellular 
power house in which pyruvic acid (derived 
from carbohydrate) and fatty acids (from 
fats) are burnt with molecular oxygen to 
carbon dioxide and water. In- the process 
of this combustion or oxidation ATP is 
formed. 

The oxidation of pyruvic acid to carbon 
dioxide and water is not a direct oxidative 
breakdown of the acid, one carbon atom at a 
time. Rather, Nature has evolved a remark- 
able cyclical process by which the 'complete 
oxidation of pyruvic acid is accomplished - 
the well-known citric acid cycle, so called 
because one of the compounds formed in the 

cycle is citric acid. The principle of this 
cyclical oxidation process can be elucidated 
by the following instance. The substance 
to  be oxidized (No. 1) reacts with another 
substance (No. 2). In the process a third 
substance (No. 3) is formed which then 
goes through a cycle of change and at the 
end the starting substance (No. 2) is formed 
again while No. 1 has disappeared in the 
process. This cycle is met with everywhere 
in the living world where oxygen is needed - 
in animals, plants and bacteria. The uni- 
versality of the citric acid cycle suggests that 
the mitochondrion was evolved during the 
earliest development of life and that the 
emergence of the mitochondrion was one of 
the earliest triumphs of biochemical evolu- 
tion. 

The citric acid cycle is an enzymatic or 
catalytic device by which a sugar derivative 
is burned by oxygen to carbon dioxide and 
water just as coal is burned in the furnace to 
carbon dioxide and water. But there the 
analogy stops. When coal is burned only 
heat and light are given off. But when 
sugar is burned in the citric acid cycle useful 
chemical work is accomplished at the same 
time. 

When sugar is oxidized by molecular 
oxygen electrons are extracted from the sugar 
and transferred indirectly to  molecular 
oxygen. Nature has evolved a complex 
chain along which the electrons are trans- 
ferred. Each of the members of this chain 
receives and then passes on electrons to the 
next in the chain until finally the electrons 
are handed on to molecular oxygen. Not 
much can be said with certainty about the 
chemical composition of the various members 
of the electron transfer sequence. Some of 
them contain haeme, the active group of 
haemoglobin; others contain flavin (vitamin 
B,) and still others contain niacin. 

Oxidative phosphorylation - I t  is the struc- 
ture of the electron transfer system which 
accounts for the fact that when electrons 
move through the electron transfer chain, 
inorganic phosphate becomes linked to 
adenosine diphosphate to  form ATP. For 
every two electrons which go down the chain, 
three molecules of ATP are formed. This 
process is referred to as oxidative phosphory- 
lation -the linking of oxidation with the 
synthesis of ATP. Although we have some 
vague ideas as to how electron flow and ATP 
formation are linked we have yet to under- 
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stand the process thoroughly. The oxidation 
Drocess involves transformation of oxidative 
energy into the energy inherent in the che- 
mical bonds of ATP - which the biochemists 
call phosphate bond energy. Since ATP is 
the current of the cell which impels a large 
number of processes, the conversion of osi- 
dative energy to phospliatc bond cnergy is 
rightly considered one of the most funda- 
mental processes of the living cell. 

Structure of mitochondria - Several hun- 
dred different enzymes are involved in the 
implementation of mitochondria1 reactions. 
These are not separate enzymes in the mito- 
chondrion. Instead, they form an intricate 
structural pattern like tiles in a mosaic or 
pieces in a jigsaw puzzle. We have reason to 
believe that just as the enzymatic reactions 
take place in a regular sequence or order, so 
the enzymes which catalyse or facilitate 
these reactions are attached to one another 
in just that sequence. There is one bundle 
of enzymes which carries out the citric acid 
cycle, another bundle which carries out 
electron transfer and oxidative phosphoryla- 
tion and still another which carries out fatty 
acid oxidation. In turn, these bundles are 
attached one to the other and an exact overall 
pattern can be recognized. The interlinking 
of chemical processes has its counterpart in 
the interlinking of bundles of enzymes. The 
regular following of one reaction after an- 
other also has its counterpart in the ordered 
arrangement of enzymes within each bundle. 

Recent electron microscopic studies of 
mitochondria have revealed clearly and 
unambiguously evidence of ordered arrange- 
ment a t  the molecular level. The cristae 
are found to consist of alternate light and 
dark zones. Since it is known that the 
str~ictural clcmcnts of t l ~ c  crist:w contain 
both protein ant1 lipid in nborit cc111al 
amounts we I~avc a lxlsis for postulating 
an ortlered array of proteins and lipids 
which supplies the framework for mito- 
chondrial organization. 

Conclusion 

A discussion of any other cellular machine 
would involve us sooner or later in mole- 
cular processes and of a complexity equal to 
that of the mitochondrion, since all cellular 
machines are molecular machines. 

When we understand fully how life's 
machines work, we will be close to an under- 
standing of many of the disease processes to 
which man is still heir. The mitochondrion 
and the rest of the contractile machine are 
basic to an understanding of what makes the 
heart beat and why it fails in disease. Simi- 
larly all the other cellular machines are the 
most fundamental elements in each of the 
organs in which they are present. \lie shall 
have to draw our experimental tools from 
many disciplines and we shall have to test 
the ingenuity of scientists to the full before 
we shall have come close to an understanding 
of these living machines. 



Modern Large Reflecting Telescopes 
W. M. VAIDYA 
National Physical Laboratory of Iiidia. New Dclhi 

T HE large telescopes described in the 
previous article1 are conventional 
parabolic, mainly used for spectro- 

scopic work. Since spectroscopic observa- 
tions yield valuable data regarding the 
physical and chemical constitution of the 
stars large observatories devote a major part 
of their time to studies on stellar spectra. 
However, for another important class of 
observations, namely studying nebulae, 
star clusters, galaxies and meteors, a differ- 
ent type of telescope, combining wide angle 
photography with high speed, is required. 
This is achieved by the Schmidt telescope. 
The useful field of large parabolic tele- 
scopes is only in minutes of arc; the dete- 
rioration of the off axis image in these tele- 
scopes is principally due to coma, whereas 
in Schmidt telescopes the useful field is 
in matter of degrees, which is achieved by 
the removal of off axis coma by placing 
an aspherical correcting plate at  the centre 
of curvature of the spherical mirror (Fig. 1). 
The correctinrr d a t e  removes the s~herical 
aberration ofuthe mirror and its iocation 
removes the coma. The largest Schmidt 
telescope is installed at Mt. Palomar. The 
corrector plate of this telescope has an aper- 
ture of 48 in. for a spherical reflector of 72 in. 
working at f12.5. The telescope is now being 

Correction 

employed for taking photographs of nebulae 
and stars, which will be used in the compila- 
tion of a sky atlas. The atlas should pro- 
vide valuable information about clusters of 
nebulae and their relative frequency, since 
stars down to magnitude 20 can be photo- 
graphed by this telescope. 

To give an idea of the design and cons- 
truction of a Schmidt telescope a detailed 
description of the second largest telescope 
of this type (Fig. 2), installed at Hamburg 
in 1955, is given below. 

The spherical mirror has an aperture of 
48 in. with a focal length of 96 in. The 
mirror is made of 2K7 Schott glass of low 
thermal expansion. The back of the mirror is 
convex, so that it is bounded by two con- 
centric spherical surfaces and this is ex- 
pected to provide better thermal homo- 
geneity. The correcting plate, having an 
aperature of 32 in., is made from UBK 7 
glass, which transmits in the ultraviolet. 

FIG. 1 - OPTICAL ARRANGEMENT OF THE SCHMIDT FIG. 2 - SCHMIDT TELESCOPE AT THE HAMBURG 
TELESCOPE OBSERVATORY 
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The telescope tube is double-walled. For 
providing automatic compensation of focus 
changes due to temperature, three rods, 
whose coefficient of linear thermal expansion 
corresponds exactly to that of the mirror, 
are placed between the mirror and the plate- 
holder assembly. In order that the tem- 
perature compensating system may func- 
tion satisfactorily, it is necessary that rapid 
changes in temperature do not occur inside 
the tube. The whole tube is, therefore, 
covered with felt, over which canvas is 
stretched and the dome is also cork-lined. 

The double-walled externally insulated 
tube consists of the rear, central and front 
tubes, tube cap, cradle and dew cap. The 
rear tube carries the mirror with mount, the 
mirror ventilators, the mirror covering and 
its mechanical operating mechanism. De- 
clination pivots and connecting strips for 
torsion cable are attached to the telescope 
cradle. Installed in the central tube are 
the supporting cross (spider) with focussing 
arrangement, and the plateholder with its 
various attachments. On the outside of the 
central tube is fixed the reading telescope 
for setting the focus, while the corrector plate 
as well as the objective prism with mount 
are supported in the front tube. A movable 
frame carries the plateholder and the colour 
filters. The frame can be focussed in the 
supporting cross and accurately adjusted 
transverse to the declination axis about the 
centre of curvature of the reflector. A tube- 
compensating device together with the reflec- 
tor-compensating device results in excellent 
stabilization of the focus. The dimensions 
of the photo plates are 24 x 24 cm.; they are 
bent spherically in a special type plateholder. 

The declination pivots, attached to the 
tube cradle are frictionless and are supported 
in the yoke spars. Power is supplied to the 
tube by means of the torsion cable through 
the boring of the pivots. The large driving 
worm wheel for the movement of the tele- 
scope tube is tightly connected with the 
tube cradle. 

The yoke is made of an inherently stable 
welding construction consisting of northern 
and southern yoke bases and two attached 
yoke spars. The declination axis bearings 
are situated approximately a t  the middle of 
the yoke. Drives and gears for the declina- 
tion movement are housecl within the bear- 
ing yoke. Fitted to the northern and 
southern yoke bases are the hour axis bear- 

ings. The radial and axial forces are borne 
by self-aligning ball bearings. Pole and 
azimuth adjustments are effected between 
the northern base of the instrument and the 
base plate of the concrete base. The drive 
of the hour axis for coarse, fine and micro- 
motion as well as of the diurnal movement 
is situated below the south bearing of the 
hour axis. The hour worm wheel having 
a diameter of 1200 mm. is precision-geared, 
thus reducing the periodical and dividing 
errors to a minimum. 

Position indication in declination and right 
ascension is effected by electrical long-range 
transmission and can be read off the switch 
desk and a t  the observation points of the 
telescope. 

The mounting of the tube is of the fork 
type and is based on an interesting new idea 
as a consequence of which it becomes possible 
to adjust the polar axis of the telescope 
without appreciable work against gravity. 
The arrangement is shown in Fig. 3. An 
imaginary sphere is drawn with C (the 
centre of gravity of all the moving parts of 
the instrument) as the centre. Concentric 
with the polar axis, a zone (Z) of this sphere 
has been constructed as a bearing of steel, 
which rests on the vertical steel pier directly 
under the centre of gravity. The bearing 
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turns on two oil pad bearings (0) which 
support the entire weight of the instrument. 
By this arrangement no weight has to be 
supported a t  the lower end of the polar axis, 
which, however, has to be restrained in posi- 
tion by an adjustable ball bearing assembly. 
Thus, the telescope turns in hour angle on 
bearing.2, which floats on the film produced 
by the oil pads. 

The driving gear for right ascension is 
located at the lower end of the polar axis. 
The whole instrument is electrically operated 
from one desk. In order to point the telescope 
a t  a particular heavenly object, the observer 
fixes its position on a keyboard to one second 
of time in right ascension and one-tenth of 
a minute of arc in declination. By pressing 
a button, the telescope automatically turns 
into the desired position. For the observer, 
there is a portable electro-hydraulic observing 
platform. 

Variants of the Schmidt telescopz 

In the original Schmidt telescope, the field 
surface is not flat but spherical and concen- 
tric with the mirror. This necessitates the 
photographic plate being curved. Moreover, 
the plateholder is located in an inaccessible 
position in between the mirror and the 
corrector plate. Another serious drawback 
is that the overall length of the system is a 
little more than twice its focal length, which 
increases considerably the cost of mounting 
the dome. 

The curved field of the Schmidt camera 
can be flattened by adding a convex secon- 
dary mirror to the system (Fig. 4). In this 
case, the first corrector plate is shifted to the 
focus which reduces the overall length by 
half. Such a modified Schmidt telescope, 
known as Baker-Schmidt telescope, was ins- 
talled in 1951 at Bloemfontein (S. Africa). 
The telescope is owned and operated jointly 
by the Armagh Observatory of the Northern 
Ireland, the Dunsink Observatory of Eire 
and the Harvard College Observatory, U.S.A. 

The primary mirror, which is spherical, has 
an aperture of 36 in. The corrector plate, 

FIG. 4 -OPTICAL ARRANGEMENT OF THE A.D.H. 
BAKER-SCHMIDT TELESCOPE 

with an aperture of 33 in., is placed closer 
to the primary mirror than in the original 
Schmidt design. The total length of the tube 
is only 168 in. The light from a star first 
passes through the correcting plate and is then 
reflected by a primary mirror to a convex 
spherical mirror of 17 in. diameter which 
brings the star light to a focus on the photo- 
graphic plate, placed only 9 in. from the 
primary mirror. With this optical system, 
perfect definition is obtained on the entire 
photographic plate with a circular diameter 
of 103 in. 

The programme of work carried out with 
Baker-Schmidt telescope comprises photo- 
graphy of (1) star clusters, (2) Magellanic 
clouds and (3) Milky way. 

Photography of star clusters -A photo- 
graph of the globular cluster Omega Centauri 
taken with. this telescope showed that this 
cluster consists of 100,000 stars even though 
to the naked eye it appears as a star of the 
fourth magnitude. Even large-sized para- 
bolic telescopes are not able to photograph 
the whole range of this cluster on a single 
photograph. But the Baker-Schmidt tele- 
scope covers with perfection a much larger 
area of the sky than that of the cluster. Such 
photographs are required for studies of the 
star numbers at various distances from the 
centre of the cluster and the shape of the 
cluster. They also throw light on the rela- 
tion of colours of stars to their apparent 
magnitude a t  various points in the cluster 
when comparative studies of photographs 
on blue sensitive and red sensitive plates are 
made. 

Magellanic clouds - The large Magellanic 
clouds and the small Magellanic clouds are 
two stretches of luminosity in the Southern 
Hemisphere. Fig. 5 shows, in the extreme 
left region, a section with many star clusters 
and patches of dark and bright nebulosity. 
Such photographs are required to obtain a 
precise knowledge of the varieties of stars, 
clusters and nebulae ifi the clouds in order 
to determine the character of these clouds. 

The study of the structure of the Southern 
Milky way forms the main programme of the 
Bloemfontein Observatory. The power of 
this type of telescope is shown by a photo- 
graph of Eta Carinae nebula in a portion of 
the South Milky way (Fig. 6 ) .  By studying 
the nature and distribution of the stars in 
the nebula, valuable information regarding 
the galaxy is obtained. 
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By placing a large objective prism in front 
of the corrector plate photographs of the 
spectra have also been obtained. 'I'hese have 
been of great help in identifying the n, a t urc 
of the stars composing the nebulae. 

Another variant of the Schmidt telescope 
is being installed a t  the University of St. 
Andrews in Scotland. In this particular case, 
the final image is made to fall behind the 
main mirror. This is achieved by locating 
the secondary convex mirror along with the 
Schmidt plate in such a way that the focal 
plane falls behind the central hole of the 
mirror in an accessible position. Hefore 
embarking on the final project of a 37 in. 
telescope, a pilot model was constructed of 
half tlie size ancl the results obtainccl wit11 
the latter have been very encouraging. 

In the pilot model, the primary concave 
mirror is of 18$ in. diameter with a central 
hole of 6.3 in. and the seconclary conves 
mirror has a diameter of 9-6 in.; both are 
of Hysil glass. The Schmidt plate is made 
from Pilkington's white plate of optical 
purity. The focal surface is flat and acces- 
sible. Arrangements are available for squar- 

1:lti. 6 - ENLARGED PHOTOGRAP11 01: ISTA CAHINAE 
NEBULA TAKEN WITH A.D.H. BAKER-SCHMIDT 

TELESCOPE 

ing both the mirrors as well as for asial and 
lateral movement of the Schmidt plate. The 
axial movement is essential to compensate 
for the primary coma, wliile the lateral shift 
enablcs stigmatic imaging along tlie asis. 
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I ~ U T I N  A N D  RELATED FLAVONOIDS: CHE- 
MISTRY, PHARMACOLOGY AND CLINICAL 
APPLICATIONS by Griffith, Krewson & 
Naghski (Mack Publishing Co., Easton, 
Pa.). Pp. xiii + 275 

BIOFLAVONOIDS .4ND THE CAPILLARY. Edit- 
ed by Gustav J. Martin & Albert Szent 
Gyorgyi [Anitals of the New York Academy 
of Sciences, 61 (1955), 1-1001 

In recent years there has been considerable 
advance in the study of the vitamin P-like 
activity of flavonoids and this progress is 
fully summed up in two recent and interesting 
publications. The first book, entitled Rutin 
ur~d  Related 1;lavotzoids : Chemistry, Pharma- 
cology and Clinical Applications, presents a 
concise account of the authors' researches on 
rutin and quercetin and the extensive clinical 
trials carried out by them with flavonoids. 
The first part of the book (6 chapters, 123 
pages) is devoted to chemistry and pharmaco- 
logy and the second part (7 chapters, 120 
pages) to the presentation of clinical data 
and their evaluation. Detailed references to 
original literature (800) are provided. For 
evaluating clinical effectiveness of rutin 
therapy they have utilized mortality statis- 
tics based on actuarial data provided by life 
insurance statisticians. The data represent- 
ing a nine-year study involve 3140 hyperten- 
sive patients. Treatment of capillary fault 
with rutin prevents 88 out of 100 expected 
deaths due to apoplexy and causes 65 per cent 
reduction in deaths due to coronary occlusion. 

A three-year study of the clinical effective- 
ness of quercetin has proved the superiority 
of this flavonoid over rutin, especially in the 
treatment of cases refractory to rutin, and 
these have responded almost 100 per cent to 
quercetin. This is highly significant and it 
has an added advantage in that it is more 
easy to obtain quercetin in a purer form than 
rutin. 

I t  is remarkable how an intensive study of 
the subject of capillary fragility and flavo- 
noids has opened out so many possibilities 
of application. As coming under conditions 
that can be treated by the administration 
of flavonoids a large number of vascular ab- 
normalities are listed : retinal haemorrhage, 
purpura, drug idiosyncrasies, glaucoma, here- 

ditary telangiectasia, hemophilia, pemphi- 
gus, rheumatic fever, hen~aturia, proteinuria, 
edema, hydrocele, idiopathic pulmonary 
bleeding, toxemia of pregnancy, bleeding 
gums, thrombophlebitis, scarlet fever, shock, 
allergy and geriatrics. 

The interest of the United States Depart- 
ment of Agriculture in this work has been 
based on the programme of research on the 
utilization of farm products. Flavonoids 
occur in a wide variety of plants and exten- 
sive use of these provides oppx-tunity for a 
new industry based on agriculture. 

The second publication, entitled Bio$azco- 
rzoids alzd the Capillary, edited by Gustav 
J. Martin and Albert Szent Gyorgyi, is a 
collection of papers and has been published 
in the Annals of the New York Academy 
of Sciences. The papers included in this 
publication were presented at a conference 
on the " Bioflavonoids and the Capillary " 
held by the section of Biology of the New 
York Academy of Sciences m 1955. It 
consists of two parts. Part I relates to 
certain papers dealing with the chemistry 
and biochemistry of bioflavonoids. Some of 
the more important chemical and physical 
characteristics of bioflavonoids, which have 
achieved chemical and pharmaceutical im- 
portance, have been discussed along with 
their availability and economical production. 
Special mention has been made of the com- 
pounds made from citrus fruits. Physio- 
logical action of flavonoids particularly as 
regards their effects on the vascular system 
have been considered briefly and explanations 
suggested. The estrogenic activity of some 
naturally occurring isoflavones has recently 
attracted considerable attention and a brief 
discussion of this subject is provided in this 
part. Probably the most interesting paper 
in the volume is the one on biogenesis which 
describes the use of the alga Chlamydomonas 
eugametos in such studies; quercetin has been 
placed in the centre of the scheme. 

Part I1 deals with clinical studies and dis- 
cusses observations on the use of bioflavo- 
noids in rheumatic fever, residual bleeding 
and pregnancy. The concluding paper by 
Szent Gyorgyi is extremely stimulating. 
He suggests that flavonoids are normal 
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constituents of animals and his experiments 
using thymus glands support this suggestion. 
He has shown that bioflavonoids are present 
in the thymus tissue to the extent of 0.1 
mg./g. According to him the animal body 
poss~bly attaches an amino group to the 
flavone molecule to make it fit into its 
machinery. 

T. R. SESHADRI 

CHEMISTRY OF CARBON COMPOUNDS : VOL. 
I I IB  - AROMATIC COMPOUNDS. Edited 
by E. H. Rodd (Elsevier Publishing Co., 
Amsterdam ; Distributovs : Cleaver-Hume 
Press Ltd., London), 1956. Pp. 687-1670. 
Price jG 8 10s. 

The earlier volumes in this series have 
already been reviewed in this Journal. The 
present volume completes the description 
of important classes of benzene derivatives 
and covers nearly one thousand pages in 
twelve chapters (Chapters X I  to XXII).  

Chapter XI  deals with the chemistry of 
quinones and related compounds of the 
benzene series. I t  is followed by three 
chapters dealing with alcohols, aldehydes, 
carboxylic acids and their derivatives. 
Chapter XV gives an account of benzene 
derivatives with one or more unsaturated 
side chains. A good account of diphenyl and 
its derivatives is given in Chapter XVI. The 
next two chapters are on di-, tri- and poly- 
phenylmethanes and other phenyl substi- 
tuted paraffins. The modern extended con- 
ception of aromaticity has been developed 
in Chapter XIX on quasi-aromatic compounds 
in which the chemistry of tropolones and 
related compounds as well a s .  that of 
the pseudo-aromatic metal derivatives of 
cyclopentadiene is discussed. The last three 
chapters describe aromatic compx~nds with 
condensed nuclei, first with two, such as 
indene and naphthalene, then with three 
as ih anthracene and phenanthrene, fluorene 
and acenaphthene and finally polycyclic 
compounds. 

The most interesting part of this impres- 
sive volume is the treatment of the chemistry 
of many types of natural products which 
are presented in their appropriate places. 
Special mention may be made of tannins 
and depsides, adrenaline and thyroxine, 
the eugenol group, cotoin and its deriva- 
tives, stilbenes and estrogens, pulvinic acid 
derivatives, antibiotics (chloromycetin) and 
azulenes. The index is very comprehensive 

and occupies 135 pages. The literature has 
been brought up to very recent years in most 
chapters, e.g. pulvinic acid derivatives (1955), 
brevifolin trimethyl ether (1955), though 
in some there seems to be a gap of nearly ten 
years, e.g. in the account of myristicin, 
elemicin and asarone papers published after 
1945 do not seem to have received attention. 

Unlike the previous volumes the corri- 
genda for this particular volume have been 
sent along with it. Still in a work of this 
magnitude it is not possible to recognize all 
of them at the same time. A few of them 
that have escaped detection are: Page 775, 
hemipinic acid (4: 5-dimethoxy-phthalic acid). 
Page 782, galloflavin (IV), a yellow dye of 
the xanthone group; the formula does not 
correspond to a xanthone. Page 881, old 
prefixes 1 and d are used though in other 
places L and D and (+) and (-) have been 
used. Page 1008, o-methyl coumaric acid is 
reported to be obtained from coumarin by 
treatment with methyl iodide; actually so- 
dium methoxide and methanol are necessary 
besides methyl iodide. 

But the errors are only a few and quite 
minor. The reviewer would like to record 
his feelings of pleasure in going through 
the volume and also his conclusion that it is 
suitable both for reading and for reference. 
He is sure that all organic chemists will be 
grateful to the editor for this highly useful 
publication. 

T. R. S E ~ H A D R I  

PETROLEUM REFINING WITH CHEMICALS by 
V. A. Kalichevsky & K. A. Kobe (Elsevier 
Publishing Co., New York ; Distributovs : 
Cleaver-Hume Press Ltd., London), 1956. 
Pp. xi + 780. Price 95s. 

The refining of petroleum has been receiving 
increased attention in recent months in this 
country as a result of the two major oil 
refineries established already at Bombay, a 
third large unit due to go on stream a t  
Visakhapatnam sometime this year and the 
proposed fourth large unit to be established 
in the eastern portion of the country to refine 
the new oil finds in Assam. However, the 
intricacies of chemical refining of petroleum 
are not generally known in this country since 
the subject is not covered by any university 
as a part of its curricula. Knowledge on the 
subject has been limited almost exclusively 
to the few experienced foreign petroleum 
technologists who have come to this country 
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to set up and operate the refineries or to 
initiate local blending of additive-type lubri- 
cating oils. 

The publication of this book is, therefore, 
particuiarly timely and should make avail- 
able most of the knowledge on the subject 
tothe peopleof thiscountry. The text is fair- 
ly comprehensive starting with the ' nature 
of crude oil and preliminary refining ' a d  
ending with ' lubricating oil additives ', and 
covering a wide variety of topics. There is 
perhaps no other text-book at present which 
covers adequately this interesting subject. 

The chapter on ' evaluation of petroleum 
products' is of particular interest to the 
various purchasing authorities and to the 
various petroleum testing lab~atories.  
' Additives for non-viscous petroleum frac- 
tions ' should be of general interest in con- 
nection with the additives for gasoline so 
widely used and advertised in this country. 
The chapter on ' lubricating oil additives ' 
is most interesting since the largest number 
of customers for petroleum products are 
those using detergent oils or lubricating oils 
containing additives of some sort or the 
other. 

A particularly useful section of the book 
is the complete review of the literature on 
the subject and the comprehensive list of 
references and patents. Four indices have 
been furnished dealing respectively with 
authors, subjects, chemicals and patents. 
This makes the work of reference to any 
particular topic easy. This is further facili- 
tated by the appropriate chapter ,headings 
given at the top of every page. 

The format of the book is pleasing and the 
cloth binding durable and attractive. The 
book serves a very useful purpose indeed and 
should be of much use to everyone interested 
in petroleum. In future editions it may be 
possible for the authors to include a compara- 
tive evaluation and the relative importance 
of the various methods of refining dealt with. 
Obviously since this is a controversial aspect 
the authors have perhaps preferred not to 
deal with it in the present edition. 

T. R. DOKAS\VAMY 

PHASE DIAGRAMS F O R  CERAMISTS by 
McMurdie & F. P. Hall (The American 
Ceramic Society Inc., Columbus, Ohio), 
1956. Pp. 286. Price $10.00 

The American Ceramic Society had pre- 
viously compiled and published phase dia- 

grams of importance to the ceramic science 
in 1935, 1938, 1947 and 1949. This b ~ o k  is 
fifth in succession to bring the m ~ t t e r  up to 
date. In the chapter on general discussion 
of phase diagrams, glossary of terms used, 
statement and limitations of the phase rule 
and interpretation of phase diagrams of one, 
two, three and multi-comp3nent systems 
have been ably presented. Experimental 
methods for the study of high temperature 
heterogeneous equilibrium have also been 
indicated. A selected bibliography on the 
theory, methods and technique, mathe- 
matical treatment, thermodynamic calcula- 
tions, and silicate chemistry is included in 
the book which will be of help to the intending 
investigators in the field. The book contains 
811 diagrams. Author index and system 
index provided a t  the end of the book are 
very convenient for ready reference. The 
book is of great value to p2rs3ns interested 
in the field of glass and ceramics, for whom 
the book is primarily intended, as als:, to 
others like geochemists, mineralogists and 
petrologists. 

R. L. THAKUR 

SHELLAC by the Staff of Messrs Angelo Bros. 
Ltd., Cossipore, Calcutta (Distributors: 
Rhodes & Co. Ltd., London and Wil- 
liam Zinsser & Co., New York), 1956. 
Pp. i + 161 

Messrs Angelo Bros. Ltd., Cossipore, Cal- 
cutta, one of the oldest and largest manu- 
facturers of shellac, are understandably best- 
equipped to bring out a publication of the 
kind under review. This book - in its 
second edition (the first edition was printed 
in 1938) -does not claim to be a compre- 
hensive treatise on shellac and sticks to the 
original conception of offering a practical 
handbook to the Company's many customers. 
Naturally it is more objective than compre- 
hensive and has dealt briefly, in its 12 chap- 
ters, with all aspects of lac and lac industry 
including the description of the traditional 
indigenous process of shellac manufacture as 
well as the manufacture of machine-made 
shellac. 

The first chapter gives the summary of the 
book besides elucidating the terms Lac and 
Shellac both of which are being used quite 
often synonymously although incorrectly. 
The second chapter deals with lac insect and 
its enemies, the parasites and the predators. 
Chapter 111 gives the history of lac, informa- 
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tion for which has been compiled from vari- 
ous sources and has been traced as far back 
as the Vedas. 

The story of cultivation of lac and the 
indigenous method of refining it into seedlac 
and shellac together with a passing refcrence 
to the refining process adopted in foreign 
countries specially for bleached lacare given 
in chapters IV and V respectively. Chapter 
VI is devoted to the history and growth of 
the organization of Messrs Angelo Bros. Ltd. 
I t  is this factory, established over 100 years 
ago, which first manufactured pure shellac 
by a solvent process and also introduced 
new heat processes for its manufacture. 

Lac trade is the subject of Chapter VII. 
Production data for the export of shellac 
for India, Thailand and Burma are given. 
It  also deals with the organization of lac 
trade and price fluctuations, etc. Chapter 
VIII deals with the chemical constitution 
and physical and chemical properties of 
lac. 

Few products have such wide and varied 
uses as lac and new uses are continually being 
developed. I t  is aptly described as a resin 
of a thousand and one uses. Chapter IX 
deals with its numerous uses and also men- 
tions the scientific uses of particular grades 
of Angelo's lac. Typical compositions are 
also suggested. 

Chapters X, XI and XI1 deal respectively 
with lac wax, specifications and analysis, and 
tests. In the analytical section of the 
handbook the aim seems to have been to 
make selection in thc methods considered 
most useful and reliable and to draw atten- 
tion in appended notes to the practical 
aspccts of the methods, their value, limita- 
tions and probable sources of error. The 
methods themselves have been described in 
full detail. 

The addition of a bibliographv at the end 
of each chapter has made the"b3ok parti- 
cularly valuable. The book is an unpriced 
publication presumably intended for distri- 
bution to the Company's various customers. 
Its service to the industry will be even m x e  
pronounced if it could be mzde freely avail- 
able to the general public in the form of a 
moderately priced edition. 

Printed on art paper and profusely illus- 
trated with both coloured and black and 
white photographs, mapsandcharts, the book 
has an excellent get up and will, no doubt, 
be valued not only by the dealers and con- 
sumers, but also by all those who are con- 
nected with shellac. 

There are a few typographical errors and 
omissions in the book which are sure to be 
eliminated in subsequent editions. 

S. V. PUNTAMBEKAR 
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Genetics and Plant Breeding 

i\ FOI7,R-DA\' SYMPOSIUM ON 
" Genetirs and T'lant Breeding in 
South-east i\si;l " was held during 
21-24 January 1957 a t  the Indian 
Agricultural Research Institute, 
Sew Delhi, under the joint aus- 
pices of the Indian Society of 
Genetics and I'lant Breeding and 
Unesco South Asia Science Co- 
operation Office. IJlant breeding 
experts and geneticists from India, 
Sweden, U.S..4.. Australia, Burma, 
Ceylon and Pakistan participated 
in the symposium. In his inaugu- 
ral address, Dr. B. N. Uppal re- 
viewed the work done in India on 
plant breeding. He pointed out 
that genetics contributed not only 
to the conventional methods of 
plant breeding which aimed a t  
evolving new varieties but it  had 
also helped to devise altogether 
new techniques which had given 
spectacular results. 

Twenty-four papers were pre- 
sented for discussion in the follow- 
ing five sections: Plant Breeding, 
Cytogenetics, Plant Introduction, 
Genetics, and Plant Physiology. A 
popular lecture on the plant breed- 
ing and food supply was delivered 
by Prof. G. L. Stebbins (U.S.A.). 

Plant Breeding - Twelve papers 
were discussed in this section 
dealing msinly with the problems 
of breeding improved varieties of 
crop plants, such as rice, wheat 
and other cereals, millets, fibres, 
potato and other tuber crops, oil- 
seeds and tobacco, with particular 
reference to South-east Asia. In 
his paper entitled " Genetics, Evo- 
lution and Plant Breeding " Prof. 
G. L. Stebbins pointed out that a 
knowledge of the wild relatives of 
a species of crop plant had become 
necessary in a modern plant breed- 
ing programme. The value of such 
knowledge had increased marked- 
ly owing to the presence of genes 
for disease resistance and exceed- 
ingly efficient methods have been 
developed for incorporating such 
genes into the germ plasm of the 
crop species. 
' Cytogenetics - The discussion 
on modern trends in cytogenetics 
was initiated by Prof. A. Gustafs- 
son (Sweden). He emphasized the 
indispensability of mutation re- 
search for the progress of plant 

breeding. High yields could 1)e 
sccnred through mutation research 
which was also helpful for agricul- 
tural i~ilprovcmcnt in gencr;ll. 

IJ1an6 Introdt8clion - Three 
papers were presented in this 
section including the principles 
and problems of plant introduc- 
tion and tlie scope and importance 
of plant introduction in S.E. Asia. 
I t  was stated that plant migration 
had provided vast new areas for 
the evolutionary development of 
old and new crops. Historical and 
biological data on this subject 
were, however, scanty and it was 
not possible to  learn much abqut 
the introduction of old plants into 
the new world. 

Three papers were read on Gene- 
lirs covering such topics as linkage 
studies in rice and jute, genetics of 
resistance to diseases and pests in 
crop plants and genetics of quanti- 
tative characters in relation to  
plant breeding. The three contri- 
butions in Plant Physiolog,~ section 
were devoted to the subjects of 
recent developments in the use of 
plant hormones, the problem of 
assessment of drought resistance 
in crop plants, and studies in the 
photoperiodic response of crop 
plants of S.E. Asia. 

Free surface of heated liquids 

INTERESTING RESULTS ON THE 
form of free surface of a liquid 
which might have an important 
bearing on various heat transfer 
problems have been obtained re- 
cently by Russian research work- 
ers and described in the Soviet 
Journal of Academy of Sciences. 
Distilled water was made to fall 
in a fine spray past horizontally 
mounted polished duralumin tubes 
which could be electrically heated. 
Depending upon the rate of flow 
of the water and the diameter of 
the cylinder, a thin film of the 
liquid is formed on the cylindrical 
surface. At room temperature 
the thickness varies with the rate 
of flow, but the thickness varies 
little around the perimeter of the 
tube though drops leave the 
lowest point of the cylinder. As 
the temperature of the cylinder 
surface increases, the liquid eva- 
porates a t  an increased rate. 
Below 80' the liquid surface 

along the length of'the cylinder. 
The wavelength is found to be 
little affected by alterations in the 
flow rate and temperature (if i t  is 
kept above 80"). This form of 
surface is ohser\.erl to be stable 
u p  to tempcraturrs closc to tlie 
boiling point of tlic liquid (when 
evaporation oi the film a t  tlie 
troughs of the waves occurs) and 
for considerable temperature gra- 
dients through the layer. 

The wave formation is ex- 
plained as follows: Due to a tem- 
perature difference between two 
points of the fluid surface, flow 
takes place along the surface from 
the point of a higher to that of a 
lower surface tension. This flow 
along the curved surface causes a 
pressure gradient in the layer of 
fluid adjacent to the cylinder re- 
sulting in a movement of fluid 
along the surface of the cylinder in 
the opposite direction. The effect 
of weight of the liquid appears 
to be negligible as the wave 
pattern is the same on both the 
top and bottom surfaces of the 
cylinder [Chem. Age, 76 (1956). 
2901. 

Production and volume 
determination of droplets 

TECHNIQUES FOR THE PRODUCTION 
and determination of the volume 
of droplets, useful in the study of 
the concentration of sub-micro- 
scopic particles in colloidal sus- 
pensions, have been described 
[Ckem. Prod., 19(11) (1956), 4561. 

Calibration methods for the 
determination of droplet volume 
require the production of droplets 
of a constant size. The usual ato- 
mizer of the scent spray type is 
capable of providing droplets less 
than 100 y in diameter, but there 
is a wide spread of droplet dia- 
meters. An atomizer giving a 
uniform droplet diameter has been 
developed in which the liquid falls 
upon the upper horizontal surface 
of an invertedsolid metal cone kept 
spinning a t  constant speed by an 
air turbine. The liquid is disinte- 
grated and the droplets are thrown 
off tangentially outwards, travel- 
ling horizontally until they are 
arrested by air resistance. 

Determination of the volume of 
droplets of 1-100 y size range pre- 
sents difficulties due to the tran- 
sient nature of the droplet. A 
method has been developed in 
which holes caused by impinging 
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the droplets on a layer of magne- 
sium oxide, coated over a glass 
slide, are examined under the 
microscope. lJrevious calibration 
related the observed drop impress 
diameter to the true droplet dia- 
meter and the ratio was found to  
be 0.86 for all liquid clroplets 
greater than 20 p in diameter. 
Other surfaces which have been 
used for recording droplet impact 
include layers of lamp black smok- 
edon microscope slides and films of 
dyes. An alternative technique is 
t o  incorporate within the droplet 
a number of unifornily small 
particles. The ratio of the number 
within the droplet t o  the number 
in 1 ml, of the original suspension 
from which i t  was produced 
(determined by a pycnometer or 
a haemocytometer) is an  accurate 
measure of the volume of the 
droplets. 

Physical bas i s  of 
insect repellency 

WITH A VIEW TO GAIN MORE 
understanding of the physical 
basis of insect repellency, R. H. 
Wright of the British Columbia 
Research Council, Vancouver, 
Canada, undertook a study of the 
infrared spectra of a number of 
commercial insect repellents in- 
cluding dimethyl phthalate, inda- 
lone, 2-ethyl hexanediol, benzyl 
benzoate, n-propyl-N. N-diethyl 
succinamate and butoxy propy- 
lene glycol. He recorded iourteen 
infrared absorption curves for dif- 
ferent substances in the region 
400-700 cm.-1 using a Perkin- 
Elmer infrared spectrophotometer. 
The results revealed a striking 
correlation and showed that most 
of the repellents exhibited an ab- 
sorption peak near 460 cm.-I and 
pointed to  the conclusion that  the 
physical basis of mosquito repel- 
lency is the 1 res: nce rf a mole- 
cular vibrational mode capable of 
giving rise to  infrared absorption 
near 460 cm.-1. Though i t  is not 
yet known whether other insects 
are repelled by molecules exhibit- 
ing this or other characteristic 
frequency, these results have con- 
siderable practical value in the 
screening of new mosquito repel- 
lents. They also support the 
hypothesis that the low-frequency 
molecular vibrations provide the 
physical basis of odours [Nature, 
3-olrd., 178 (1956). 6381. 

monceaux Castle, Sussex, Eng- 
land, has recently suggested that  
a process closely siniilar t o  the 
' pinch effect ' observed in the 
recent Russian thermonuclear 
fusion experiments may be res-. 
ponsible for the solar flares. 

Dr. Kurchatov, lending Russian 
authority on atomic energy, dis- 
closed recently that attempts to  
produce the unusually high tem- 
peratures of the order of a million 
degrees centigrade for extremely 
short periods have been successful. 
This was achieved by passing 
large discharge currents through 
gases like deuterium, using a 
strong magnetic field to  keep the 
gas ions away from the container 
walls. In  these experiments a 
second constriction of the spark 
or the ' pinch effect ' has been 
observed to be related to  the 
appearance of a few particles with 
energies much higher than expect- 
ed; these have been detected by 
the neutrons and gamma rays pro- 
duced. The ' pinch effect ' can be 
used to  obtain high temperatures 
to  fuse the light elements into 
heavier ones with release of 
energy. 

Dr. Gold has pointed out that  in 
sparks constricted in their own 
magnetic fields there is a con- 
ceivable mechanism for accelera- 
ting a small fraction of the parti- 
cles to  very high energies. and has 
suggested the presence of such 
particles as a probable mechanism 
for the occurrence of the solar 
flare. Electric currents, evenly 
distributed through large volumes, 
normally flow in the vicinity of 
sunspots. When the current den- 
sity becomes too high, instability 
sets in, causing the currents t o  
become constricted along one or  
several lines due to their own 
magnetic field. 

If this interpretation were to be 
correct, the Russian experiments 
provide an analytical laboratory 
method to study this important 
solar phenomenon. Conversely. 
the phenomenal energy releases 
known t o  take place in the sun 
may also, in due course, be at- 
tained artificially on the earth by 
knowine more about such pro- 
cesses ki. News Left., wash.; 70 
(11) (1956). 1741. 

New geographic  fea tures  
of t h e  Antarc t ica  

ing in July 1957 have sighted two 
important new features of the 
Antarctica. They are (1) an un- 
charted ice-shelf gulf, 100 miles 
long, near Amundsen Bay in 
Enderby Land and (2) a gigantic 
glacier, about 300 miles wide and 
150 miles long, flowing down 
the Antarctic mountains to I'rydz 
Bay. 'The two discoveries provide 
fresh data for the new map of 
Antarctica to  be prepared during 
the International Geophysical 
Year [Unesco Feature No .  211 
(1956), 21. 

Remote-eye r a d a r  

THE MARCONI RESEARCH LABO- 
ratories, England, have developed 
an equipment which enables com- 
plete separation of the radar dis- 
play from the source of the radar 
information or the radar head. 
The development of this equip- 
ment known as ' Remote-eye' 
radar obviates the hitherto in- 
evitable necessity of situating the 
operation centre in the imme- 
diate vicinity of the radar head 
and permits the two being locat- 
ed miles apart. I t  also makes 
possible the routing of ' raw ' 
radar information from a number 
of remote radar heads to a central 
operations centre. This is achieved 
by providing a microwave radar 
link equipped with high quality 
repeaters using travelling wave 
tubes and capable of relaying 
three radar or television pictures. 

The characteristic working of a 
distant airport can be viewed 
niiles away by using this equip- 
ment. At the airport two T.\-. 
cameras are used, one to  view the 
radar head and the other to  scan 
the general scene from the control 
tower. Selected picture signals 
and the radio commentary are 
routed to a microwave link trans- 
mitter which is also fed with two 
sets of P.P.I. radar picture sig- 
nals, synchronizing and turning 
information originating from the 
radar head. This microwave 
transmission is relayed by a num- 
ber of repeater stations situated 
successively a t  a distance of up 
to  15 miles (or even 40 miles if the  
terrain is favourable) with satis- 
factory signal-to-noise ratio after 
allowing for normal fading. At 
the receiving end, the mobile 
receiving van picks up the sig- 
nals and re-routes them to  their 

So la r  flares AUSTRALIAN PILOTS CARRYING OUT respective display consoles. A 
preliminary reconnaissance flights video map could be superimposed 

DR. T. GOLD OF THE ROYAL in preparation for the Inter- on either P.P.I. picture permitting. 
Greenwich Observatory, Herst- national Geophysical Year start- on the tube-face the applicable 
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grid co-ordinates, together with 
any topographical features like 
runways and navigational bea- 
cons [Indian east. Engr., 119(5) 
(1956), 3321. 

Radiological measurements 

ACCORDING TO THE UNITED NA- 
tions Scientific Committee on the 
Effects of Atomic Radiation, diag- 
nostic radiology and radiotherapy 
now constitute in some countries 
the principal source of artificial 
radiation in amounts approxi- 
mately equal to natural radiation. 
I t  has been actually demonstrated 
in some cases that populations 
are subjected to  more radiation 
from medical radiology than from 
' fall-out ' or effects of nuclear 
waste disposal. I t  has also been 
noticed that many countries have 
no primary standard for X-ray 
measurement and have no faci- 
lity of checking them with stan- 
dards in use in scientifically more 
advanced countries. To meet 
this problem the United States 
National Bureau of Standards has 
developed an ionization chamber 
with necessary equipment for 
checking radiological measure- 
ments. 

A proposal regarding the world- 
wide circulation of the ionization 
chamber has been approved by 
the General Conference of the 
Unesco. In co-operation with the 
World Health Organization and 
the United States National Bureau 
of Standards (NBS), the Unesco 
has formulated a programme of 
circulating the ionization cham- 
ber to various requesting coun- 
tries for intercomparisons of 
radiological measurements. The 
project, it is hoped, will even- 
tually contribute to uniform stan- 
dards and lead to the reduction 
to the minimum of the medical 
irradiation of populations with- 
out impairment of its efficient 
medical use. 

The chamber being designed 
and constructed by the NBS a t  
a cost of $2500, is expected to 
be available early in 1957. The 
apparatus with a volume of a 
few cubic centimeters will be of 
the guarded type to  avoid insula- 
tor leakage problems. Its res- 
ponse will be nearly independent 
of X-ray energy over the range 
50-250 kV. medium filtration. It 
would be used with the same null- 
type charge measuring system as 
is employed with the standard 
free-air chamber, thus avoiding 
the error due to  the shifts in elec- 

trometer sensitivity inherent in 
secondary instruments. Along 
with the chamber, an X-ray beam 
defining diaphragm and a cali- 
brated charge-compensating capa- 
citor (1000 ppF.) will be supplied 
to various national laboratories 
to facilitate comparison with their 
own corresponding equipment 
[Unesco Science News No. 39 
(1957)l. 

Fluothane 

' FLUOTHANE ', 2-BROMO-2-CHLORO- 
1, 1, 1-trifluoro-ethane, a new 
volatile anaesthetic agent. has 
been developed by Imperial Che- 
mical Industries. I t  is a clear, 
colourless, heavy liquid with a 
specific gravity of 1860 (cf. chloro- 
form, 1500), a boiling point of 
51°C., and a sweetish odour like 
chloroform. Induction is smooth, 
rapid and not unpleasant; recov- 
ery also is rapid and unassociated 
with complications. The range of 
anaesthetic concentration lies be- 
tween 1 and 3 per cent fluothane 
in air and within these limits ade- 
quate conditions can be provided 
for most types of surgery. Fluo- 
thane causes respiratory depres- 
sion which may be sufficient to  
cause cyanosis and carbon dioxide 
retention. This and other un- 
desirable features can be over- 
come by partly assisting or con- 
trolling respiration and ensur- 
ing that it is handled only by 
skilled anaesthetists [BY. med. J., 
(1956), 9691. 

A new weed control agent 

MAY & BAKER LTD. HAVE DEVEL- 

oped a new compound, M.C.P.B. 
('Tropotox') y(4-chloro-2-methyl- 
phenoxy butyric acid), for weed 
control. It introduces a new 
approach to selective weed con- 
trol, employing the new principle 
of using a non-toxic substance 
which certain plants are able to  
make toxic. The product can be 
safely used in crops containing 
clovers. The resistance of clovers 
to this compound is such that 
even a t  the first trifoliate leaf 
stage they are unharmed, a t  the 
same time controlling a range of 
common weeds. Furthermore, 
cereals may be sprayed a t  growth 
stage much earlier than hitherto 
possible without risk of subse- 
quent ear malformation. 

Organo-tin compounds 

THE HIGH SELECTIVE REACTIVITY 
of organo-tin hydrides has led to  

the production of a series of 
organo-tin compounds by the 
Institute of Organic Chemistry, 
Utrecht. Organo-tin hydride 
molecule contains a t  least one tin- 
hydrogen bond, which can easily 
enter into an addition reaction 
with a wide variety of unsaturated 
carbon-carbon bonds. The re- 
action R,SnH + CH, = CH -R'+ 
R,SnCH,CH,R' can be carried out 
without difficulty, and yields are 
over 80 per cent. The functional 
groups introduced are so firmly 
attached to the tin atom that they 
can enter into specific reactions 
without the remaining part of the 
molecule being affected [Chem. Tr .  
J., 139 (1956), 10991. 

Rain repellent for jets 

A RAIN REPELLENT, COMPOSED 
essentially of silicones and a 
combination of natural and syn- 
thetic waxes, has been formulated 
by the U.S. Navy Department's 
Bureau of Aeronautics to elimi- 
nate the need of mechanical wind- 
shield wipers in high speed jet 
aircraft. Prior to coating the 
glass or plastic wind-shields with 
the repellent, a black bonding 
paste is applied to the solvent- 
cleaned surface, followed by an 
application of wax, which is 
buffed in with a cloth until i t  
disappears. Each application 
lasts for several days of heavy 
rain. The repellent sets up a 
hard coating on the wind-shield 
which makes water behave like 
heavy beads of mercury. The 
rain is swept off in beady drop- 
let form by the wind and speed 
of the plane [Ckem. Age, 75 
(1956), 4571. 

Welded graphite 

DR. R. G. BRECKENRIDGE O F  THE 
National Carbon Co., U.S.A., has 
succeeded in welding pieces of 
graphite for the first time by 
heating them to a high tempera- 
ture under high pressure. The 
process also yielded new forms of 
graphite that have the maximum 
degree of crystalline perfection 
attained in artificial graphites 
up to now. Welded graphite 
is used to prefabricate sheets and 
panels for the assembly of nuclear 
reactor moderators [Sri. News 
Lett., Wash., 70 (1956), 1991. 

Microwave detection 
of metallic ions 

INVESTIGATIONS CARRIED OUT AT 
the Duke University, U.S.A., have 
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indicated the possibility of using 
microwaves for the detection of 
specific metallic ions and organic 
radicals in plant materials. 

Materials from some plants or 
from the ground below, when 
placed in a microwa\~e absorption 
cell, gave electron-magnetic reso- 
nances corresponding to  nlanga- 
rtesc ions in aqueous solut~ons 
showing that the manganese ions 
found in plants may he present 
dissolved in their water content. 
A single sharp line superin~posed 
on the  manganese hyperfine struc- 
ture in the case of pine cones 
and pine needles, fallen oak 
leaves, naturally dried ivy stems 
and dead plant materials, has been 
attributed to  bound or semi- 
bound oxygen. A third type of 
broad resonance observed in seve- 
ral plant materials has been inter- 
preted as being due t o  cupric ions 
[Science, 124 (1956). 221. 

Hydrogen and  oxygen 
in  g e r m a n i u m  

GERMANIUM IS SO SENSITIVE TO 
the  presence of impurities such as 
gallium and arsenic that  a con- 
centration of one part in ten 
billion is sufficient to produce e 
measurable change in its con- 
ductivity a t  room temperature. 
Since there are about 4.4 x 
germanium atomslml., a concen- 
tration of the order of 1013 atoms 
of the impurity/nil. of germanium 
is significant. 

The levels of impurity concen- 
tration often defy detection by the 
usual analytical procedures. Poor- 
l y  identified impurities which 
cause resistivity changes in ger- 
manium as a result of heat trcat- 
ment havc been called ' ther- 
mium ' and those which cause 
electron-hole lifetimes to  diminish 
have been termed ' deathnium '. 
On the other hand, there are other 
impurities which, even if present 
in amounts a hundred thousand 
times greater than thermium and 
deathnium, produce no known 
electrical effects; two of these are 
hydrogen and oxygen which have 
recently been found to occur in 
concentrations greater than 10'8 
:ttoms/ml. 

Special samples of germanium 
were prepared for these studies 
by  hydrogen reduction of pure 
germanium oxide in purified gra- 
phite crucibles. Single crystals 
were then grown from these 
samples in graphite crucibles 
under hydrogen, and one crystal 
was grown in vacuum. Tests indi- 

cated that  all of these crystals 
were n-type semiconductors with 
resistivities ranging from 1 to  10 
ohm-cm. The lifetime of mino- 
rity carriers was around 100 psec. 

These crystals, as well as the 
polycrystalline germanium from 
which they were grnwn, were ana- 
lpsed for hydrogen and oxygen 
by it refined v:tcuum fusion tech- 
nique. The analysis showed no 
significant v;~riations in hydrogen 
and oxygen content among the 
samples prepared under hydrogen, 
althouglc results on the single 
crystals were more uniform. In 
these crystals the hydrogen con- 
tent was 3-4 x lo1& atomslml. and 
the oxygen was between 1 and 
2 x 1018 atoms/ml. I n  the crystals 
grown in vacuo, hydrogen was not 
greater than 1 to  2 x lo1' and 
oxygen about 6 x 1016 atoms/ml. 
less by  a factor of about 15 than 
in those grown in hydrogen. 

These results provide conclusive 
evidence that  oxygen and hydro- 
gen are both present in the 
interior of germanium singlc crys- 
tals. However, despite amounts 
greater than 1018 atomslml. the 
electronic states of these gases are 
such that  neither holes nor elec- 
trons are contributed in adequate 
numbers to  affect the conduction 
process in germanium. Since 
about twice as many hydrogen as 
oxygen atoms are present, i t  is 
possible that  these two gases 
react in germanium and exist as 
water molecules, thus accounting, 
in part, for their electrical neutra- 
lity [Bell TelepJtone Lab. News]. 

New technique f o r  
olefine polymerization 

A NBW TECHNIQUE FOR THE POLY- 
merization of olefines involving the 
use of sodium hydride for reducing 
titanium halide employed as an  
activator or co-catalyst has been 
developed by  Metal Hydrides 
Inc., Beverly, 1J.S.A. This pro- 
cess eliminates the  use of highly 
inflammable and costly alumin- 
ium trialkyls used in the conven- 
tional Ziegler catalysts. ]-or poly- 
merizing ethylene a t  low or 
moderate pressures, sodium hy- 
dride is dispersed in oil, alumin- 
ium chloride and titanium tetra- 
chloride along with an  inert 
diluent, e.g. mineral oil, in a 
polymerization vessel a t  100". 
In  the presence of a small amount 
of ethylene, the  catalyst is form- 
ed and polymerization initiated. 
More ethylene is added and high- 
ly  crystalline. Ziegler-type poly- 

thenes in the 40,000 to more than 
200,000 molecular weight range 
are formed. 

At higher temperatures and 
pressures (500 Ib./sq. in.) alumin- 
ium chloride is not necessary 
sodium hydride-reduced titanium 
halides are sufficient to catalyse 
the polymerization [ C h e w .  .4ge. 
75 (1956), 5401. 

Micro  technique 
for cata lys t  d a t a  

GULF RESEARCH & DEVELOPMEHT 
Co., U.S.A., havc developed a 
micro-catalytic chromatographic 
technique for studying catalytic 
reactions, which promises to speed 
up the accumulation of data on 
new catalysts. This is achieved 
by combining a catalytic reactor 
with a gaseous chromatographic 
column into a single unit. .In- 
other technique involving the use 
of radioactive tracers has als? 
been applied to  the system suc- 
cessfully. I n  this method, the exit 
products from the  reactor pass 
first through a gaseous chromato- 
graphic column, then through a 
thermal conductivity unit, and 
finally through a Geiger counter, 
giving two simultaneous records 
on a single recorder chart [Ckenz. 
Tr .  J., 139 (1956), 4811. 

Elect ron diffraction 
i n  indus t ry  

THE ELECTRON DIFFRACTION TECH- 
nique, developed on the basis of 
the wave properties of electrons, 
is a valuable new addition t o  
existing methods of determining 
the structure and composition of 
materials. In  general, X-ray dif- 
fraction and electron diffraction 
are complementary methods in 
that  each has distinct fields of 
application. While the procedure 
in interpretation is very similar 
for both techniques, there are dif- 
ferences in apparatus and the 
experimental set-up. An impor- 
tant  feature wlticlt distinguishes 
electron diffraction from X-rav 
diffraction is the very small depth 
of penetration of electrons (less 
than 50A when incident a t  :In 
angle of 2' on the surface) and the 
consequent ease with which they 
are scattered by materials, making 
i t  a valuable tool for the investi- 
gation of surface phenomena or  
structure of thin films. For ob- 
taining a useful and clear diffrac- 
tion pattern the  sample, in the  
form of a thin film or fine powder 
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or even the immediate surface of a 
massive specimen, should have 
sufficient regularity of structure 
to  exhibit diffraction effects with 
fast electrons and must be stable 
i?a vaczlo and under electron bom- 
bardment. Some of the technical 
problems of importance studied 
by the electron diffraction tech- 
nique are: oxidation and corrosion 
of metals and alloys; formation 
of protective surface coatings; 
grinding and polishing of sur- 
faces ; lubrication ; and rectifying 
contacts. 

The essential components of 
electron diffraction equipment 
are: (1) a means of producing a 
beam of electrons of uniform arid 
constant velocity, (2) magnetic 
lenses mounted axially outside the 
vacuum chamber, one for focusing 
the electron beam to a fine spot on 
the specimen and another to focus 
the reflected or transmitted beam 
on to the photographic plate. 
(3)  a device for holding and mani- 
pulating the test specimen and 
(4)  a fluorescent screen for observ- 
Ing the diffraction and a camera to 
obtain a permanent record. All 
these constituent parts are en- 
closed in a chamber which can be 
evacuated to a pressure of 10-4 
mm. of Hg. Two important ser- 
vices to be provided for the opera- 
tion of the various parts of the 
instrument are the stabilized 
electrical supply for the accelerat- 
ing high voltage and the energiz- 
ing current and the high vacuum 
equipment with accessories. 

Specimens easily removable 
and mountable in a specimen 
holder, e.g. thin films formed by 
evaporation and deposition in 
vacuo, thin cleavage slices from 
single crystals, fine powders, etc., 
can be examined by the transmis- 
sion technique in which the result- 
ing diffraction pattern is produced 
by the incidence, on the photo- 
graphic plate, of the undiffracted 
beam and the various diffracted 
beams of electrons. 

Surface layers on a parent sub- 
strate, which are of technical and 
industrial importance but are not 
readily removable and have to be 
studied in situ, are examined by 
the reflection method. A beam of 
electrons is allowed to strike the 
specimen surface a t  grazing inci- 
dence (c. l o ) ;  the electrons pass 
through the surface excrescences 
(of about 20-30 atomic diam.) and 
undergo diffraction. The resulting 
patterns are similar to  the trans- 
mission patterns except for that 
part of the pattern where the 

shadow of the bulk of the specimen 
occupies the viewing screen. Any 
trace of surface contamination is 
to be avoided as the method is 
very sensitive. 

With transmission type speci- 
mens, when the sample contains a 
large number of very small crys- 
tals randomly oriented with res- 
pect to the electron beam, a pat- 
tern of continuous rings, each cor- 
responding to diffraction a t  a 
particular crystallographic plane, 
is obtained. If there are only a 
few crystals, the individual dif- 
fracted beams may be insufficient 
to make up continuous rings and 
the rings develop a spotty appear- 
ance. With reflection type speci- 
mens consisting of a continuous 
layer, the presence of fewer crys- 
tals in the path of the electron 
beam implies that they are larger. 
Thus differences in crystal growth 
in two chemically identical sam- 
ples can be observed from the dif- 
ference in the degree of spottiness. 
Strong intensity of the rings a t  
certain positions on their circum- 
ference indicates a certain degree 
of preferred orientation of the 
individual crystals. As the crys- 
tal size progressively decreases the 
rings become more and more dif- 
fuse and no characteristic pattern 
results with amorphous samples. 
For single crystals, the patterns 
usually consist of a number of 
spots, sometimes accompanied by 
pairs of parallel lines. Such pat- 
terns are more valuable in deter- 
mining the orientation of the 
single crystal than in its identi- 
fication. Special types of charac- 
teristic patterns are obtained with 
particular samples like the surface 
of a polished metal or thin films of 
oils or greases. The interpretation 
is similar to  the established pro- 
cedure in X-ray diffraction work. 
The diameters of the various rings 
are measured accurately from 
which the interplaner spacings are 
calculated, knowing the geometry 
of the apparatus and the equi- 
valent wavelength of the electron 
beam. If the standard data for 
the substance of the sample is 
already indexed, it can be identi- 
fied by comparison with the in- 
dexed data. 

An idea of the extent to which 
the electron diffraction method 
supplements, in a large measure, 
the analytical facilities in a large 
industrial organization, may be 
had from a consideration of a few 
problems investigated a t  the Re- 
search Laboratory of the General 
Electric Co. Ltd., England. A few 

of the problems studied are con- 
sidered below. 

Visual examination of the 
cathodes of cathode-ray tubes 
giving poor emission showed a 
small darkened area in the centre 
of the cathode coating. X-ray 
methods failed to reveal the pre- 
sence of any crystalline phase 
other than the normal cathode 
coating. However, reflection elec- 
tron diffraction clearly demons- 
trated the presence of graphite 
as a contaminant of the coating 
surface. 

In the application of an emis- 
sive coating to certain batches of 
nickel cathodes for radio receiving 
tubes, after normal processing, the 
coating flaked away from the 
nickel base. These batches too 
complied with the normal accep- 
tance tests and could not other- 
wise be distinguished from those 
with satisfactory adhesion. How- 
ever, samples from each of the 
batches in which the flaking 
trouble was observed have given 
a pattern of hydrated calcium 
sulphate, while those of the satis- 
factory nickel did not give it. 
Thus, the cause of the trouble, not 
detectable by other means, has 
been traced by the electron dif- 
fraction method. 

Due to failure of the metal 
to  amalgamate properly, the reco- 
very of gold by the ' amalgama- 
tion ' method is incomplete. The 
' rusty gold ', i.e. the improperly 
amalgamated gold particles which 
have a tarnished appearance, has 
been studied by this technique. 
The gold particles concerned have 
been found to be coated with a 
layer of iron sulphide (pyrite) 
[G.E.C. J . .  23 (1956), 1301. 

Mauna Loa 
High-altitude Observatory 

A HIGH-ALTITUDE OBSERVATORY 
located a t  an altitude of 11,134 ft. 
on the Hawaiian volcano, Mauna 
Loa, started functioning on 28 
June 1956. Its strategic location 
for the study of the huge air 
masses of the tropics which are 
responsible for most of the wea- 
ther characteristics in other parts 
of the world makes it a valuable 
research centre in improved long- 
range weather forecasting. Addi- 
tional knowledge is also expected 
to  be obtained on solar and 
atmospheric radiation. There is 
evidence that the ozone content 
of the lower atmosphere in tro- 
pics is associated with the forma- 
tion of large low-pressure areas 
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producing typhoons. Continuous 
ozone measurement may thus 
assist in tlie forecasting of ty- 
phoons. 

The observatory also offers pos- 
sibilities for the study of cosmic 
rays, snow crystals, air glow and 
possibly radioactive fall-out. A 
study of the moisture content of 
Mars using spectroscopic tech- 
niques is in progress now at  the 
observatory [Tech. News Bull., 
Nut. Bur. Stand., 40(10) (1956). 
1371. 

Ship-model testing 
tank a t  Khadakwasla 

A SHIP-MODEL TESTING TANK, 
500 ft. long, 12 ft. wide and 9 ft. 
deep, is now in operation a t  the 
Central Water and Power Station, 
Khadakwasla. I t  is the first of its 
kind in South-east Asia and has 
been installed by Indian engineers 
with the technical co-operation of 
a Danish scientist, Dr. H. F. 
Nordstrom. Models are driven 
through the tank suspended from 
a 3-ton carriage, riding on rails, 
14 ft. apart. In this tank, re- 
duced scale models of hull designs 
are tested to obtain the power- 
wasting resistance from which the 
horse power required for the 
engines can be worked out. Ex- 
periments conducted a t  Khadak- 
wasla on models of fishing boats 
used a t  Satpati, a port near 
Bombay, showed that the speed 
of these boats could be increased 
by 10 per cent, without supplying 
any additional power, by changing 
the design. The significance of 
this result is being studied by the 
Bombay State Fisheries Depart- 
ment [Unesco Feature No. 210 
(1956). 21. 

Palaeontological 
Society of India 

THE PUBLICATION OF THE INAU- 
gural number of the Journal of 
the Palaeontological Society of 
India provides an indication of 
the progress palaeontology is 
making in India and of the 
importance scientists attach to it. 
In recent years, palaeontology 
has become a valuable tool in 
the prospecting and discovery of 
natural fuels, especially coal and 
petroleum. 

For a country like India, just 
embarking on an ambitious pro- 
gramme of industrial develop- 
ment, all knowledge relating to its 
mineral resources, particularly its 

coal, oil and strategic minerals, 
is valuable. I'alaeontology has 
played an important role in map- 
ping out the structural and strati- 
graphical sequence of the various 
regions, indicating where eco- 
nomic exploitation of coal or 
petroleum is possible. In India, 
palaeontological studies have been 
carried out for nearly a century 
now, under the aegis of the Geo- 
logical Survey of India and consi- 
derable areas have been surveyed. 
Many of these findings are record- 
ed in the publications emanat- 
ing from the Geological Survey 
of India, particularly the series 
Palaeontologia Zndicu. During the 
past 3 or 4 decades considerable 
work has been done on palaeo- 
botany, under the inspiring guid- 
ance of Dr. Birbal Sahni, and a 
new institute for furthering re- 
search in this branch has been 
founded in Lucknow. However. 
for a country of the vastness of 
India, there are yet many unsolv- 
ed problems connected with its 
geological history, especially of 
the sedimentary formations, which 
are a valuable storehouse of fos- 
sils of great interest. 

The Palaeontological Society of 
India has been founded with a 
view to promote and further 
researches in India on the follow- 
ing: ( I )  elucidating unsolved prob- 
lems of Indian I-'alaeontology (e.g. 
the age of Vindhyan and Krol 
systems), (2)  search for oil and 
coal, (3) search for human origins 
and early man in India, ( 4 )  pre- 
paration of monographs on Indian 
fossils and related faunas and 
(5)  establishment of a museum and 
library to disseminate geological 
and palaeontological information. 

The inaugural number of the 
iournal. which has iust been 
bublish'ed, is a massive \olume of 
more than 250 pages and contains 
articles from eminent scientists, 
not only from India, but all over 
the world. There are as many as 
30 contributions covering many 
aspects of palaeontology, palaeo- 
botany and palaeohistory. In 
the opening paper, Dr. M. R. 
Sahni, who as Founder-President 
of the Society has inspired this 
new venture, has given a lucid 
account of the aims and objectives 
of the Society and has followed it 
up with a second article giving a 
very informative and interesting 
account of the progress of these 
branches of science during the past 
one century in India. The articles 
have been well edited and print- 
ed and profusely illustrated with 

photographic plates and line draw- 
ings. 

The journal is to be published 
twicea year and will includepapers 
pertaining to original work in 
various branches of palaeontology. 
palaeobotany and prehistory and 
also critical reviews of recent 
works on several topics. The 
I'alaeontological Society of India 
has to be warmly congratulated 
on the commendable effort in 
bringing out such a valuable pub- 
lication. The subscription rate 
or tlie membership fee of the 
Society is not mentioned. Con- 
sidering the size, comprehensive- 
ness and high standard of the 
inaugural number, the price of 
Rs. 30 appears to be quite reason- 
able. 

National Institute of 
Sciences of India 

THE FOLLOWING HAVE BEEN 
elected office-bearers of thecouncil 
of the Institute for the year 
1957. 

Prof. P. C. Mahalanobis (Presi- 
dent) ; Profs. S. P. Agharkar and 
D. S. Kothari ( Vice-Presidents) ; 
Prof. M. S. Thacker and Prof. G. P. 
Majumdar (Addl. Vice-Presidents) ; 
I'rof. Ram Behari (Treasurer) ; Dr. 
B. Mukerjee (Foreign Secretary) ; 
Shri S. Basu and Prof. P. Mahes- 
wari (Secretarzes); Prof. R. C .  
Majumdar (Editor ofPublications) ; 
Dr. K .  N. Ragchi, Prof. K. 
13anerjee. Dr. U. 1'. Basu, Dr. S. 
Hhagavantam, Dr. K. R. Dixit, 
Dr. B. C. Guha. Dr. V. R. Khanol- 
kar. Prof. P. K. Kichlu. Prof. 
R. S. Krishnan, Prof. C. hlaha- 
devan. Prof. S. K. Mitra, Dr. B. P. 
Pal. Dr. Mata Prasad, Prof. B. 
Saniiva Rao. Prof. B. R. Sesha- 
cha;, Prof. N. R. Tawde. Shri 
Nirmal Kumar Rose, Prof. P. L. 
Srivastava, Prof. P. S. Gill, Dr. 
B. N. Prasad, Prof. S. N. Bose. 
Dr. K. S. Krishnan, and Dr. A. C. 
IJkil (Members). 

The following have been elected 
Fellows of the Institute: 

Dr. E. K. Janaki Ammal. Dr. 
Akshayananda Bose, Dr. S. S. 
Deb, Dr. K. S. G. Doss, Dr. G. C. 
Esh. Dr. V. S. Huzurbazar, Dr. 
S. M. Mehta, Dr. K. R. Nair, Dr. 
R. R. Niihawan. Dr. V. Puri. Dr. 
T. R. R&, Dr. L. S. ~amaswami,  
Dr. B. C. Roy, Dr. N. K. Saha, 
and Dr. P. N. \Vahi (Ordinary 
Fellows); Prof. A. H. Compton, 
Prof. Tomizo Toshida. Prof. Linus 
Pauling, and Prof. Hideki Yukawa 
(Hony. Fellows). 
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Indian Botanical  Society TI. R. Krlzlln~. I<.lo (Facct Ann- INSTRUMENTS AND APPLIANCES 
I v o ~  and 1)ehlh Classtfication o f  

THE FOLLOWING HAVE BEEN 
elected office-bearers of the So- 
ciety for the year 1957: Dr. S. K. 
Pande (President); Drs. A. C. 
Joshi and S. Ranjan (Vice-Pvesi- 
dents) ; Dr. J .  Venkateswarlu 
(Hony.  Secretary); Dr. R. Misra 
(Hony.  Librarzan); Dr. T. S. 
Sadasivan (Hony .  ~ r e a s u r e r ,  Ed i -  
tor-in-chief and Business Mana- 
ger); Drs. P. Maheshwari, H. San- 
tapau, E. K. Janaki Ammal, 
P. N. Mehra, K. A. Chaudhary, 
13. Samantarai, -4. A1)raham. 
J. C. Sen Gupta. R. 1'. Roy and 
Shri C. D. Deshmukh (Council- 
lors); Drs. S. Ranjan, P. Mahe- 
shwari, B. P. I'al and A. C. Joshi 
(Members, Editorial Board) .  

Ins t i tu t ion of Tele-  
communica t ion  Eng inee r s  

THE FOLLOJVING HAVE BEEN ELECT- 
ed office-bearers of the Institution 
for the  year 1957: Prof. K. Sreeni- 
vasan ( Pres~dent ) ;  Shri R. V. 
Raliga. Dr. La1 C. Verman and 
Shri D. D. Lakhanpal (Vice-Presi- 
dents) ; Shri B. S. Rau (Hony.  Trea- 
surer); Shri S. S. Aiyar (Hony .  
Secretary) ; Dr. Ram K. Vepa and 
Shri N. V. Gadadhar (Hony.  Joint 
Secretaries) . 

Royal  Society 
a n d  Nuffield Foundat ion 

Commonwea l th  B u r s a r i e s  

DR. S. BASU, READER I N  CHIZ- 
mistry. University of Calcutta, 
and Dr. V. R. Rao, Reader in 
Physics, Andhra University, have 
been awarded bursaries for pur- 
suing studies on the ' Application 
of Quantum Mechanics to tile 
Solution of Problems of Chemi- 
cal Reactivity' and 'Spectroscopic 
Techniques in Cytology ' respec- 
tively. The former will work a t  
Oxford University and the latter 
a t  King's College, London. 

Award  of Doctora te  Degrees  

THE FOLLOWING PERSONS HAVE 
recently been awarded Ph.D. deg- 
rees bv the Poona University: 
Hari La1 Bhatnagar (Physrco- 
Chemical Studies on Polymer Solu- 
tions) ; Moreshwar Bhalchandra 
Deshmukh (Some Studies i n  
Joshi Effect),  hfohan Vishwanath 
Ilivekar (~ l l inera l  Nzttvition of 
Sugarcane Varieties); and Chinta- 
man Mahadeo Deshpande (Dipole 
Moment and the Nature of the 
Chemical Bond).  

~gricultrrr,c) ; ''\nand lcam ~ u p t a  
(Electrockemical Properties of Some 
Colloidal Acid Systems) ; and 
klanasi Ghosh (.ldorphological and 
B m h ~ ~ y o l o ~ i c a l  Studies i n  the San- 
tnlaceae) have been awarded T'h.1). 
degrees by the University of Delhi. 

Announcements  

International Conference on 
Radio-isotopes - An international 
scientific conference on the use of 
radio-isotopes in research will be 
held under the auspices of the 
Unesco in I'aris during September 
1957. The conference will work 
in two main sections. The first 
will deal with the role of radio- 
isotopes in the field of physical 
sciences such as geology, geo- 
physics (including meteorology 
and oceanography) and metallur- 
gical and industrial research, 
while the second will take up the 
use of radio-isotopes in biochemis- 
try (including plant biochemistry 
and photosynthesis), human and 
animal physiological research. 
nutrition research, basic medical 
research and certain branches of 
agricultural research includingsoil 
fertility, plant and animal patho- 
logy and the use of insecticides. 

SatPPly of steroid compounds - 
The Medical Research Council, 
England, has issued a revised 
circular in connection with the 
supply of reference steroids from 
the Steroid Reference Collection, 
formed in 1954 for the use of re- 
search workers engaged on steroid 
meta1)olism studies [ , I .  sci. industr. 
12es.. 13A (1954). 5421. The cir- 
culxr includes a new and extended 
list of 130 compounds, now avail- 
able. They are mostly obtained 
as gifts from various British and 
overseas industrial firms. These 
compounds have been classified 
into two categories, those readily 
availa1,le and clliefly in demand 
(class 11) and other steroids for 
more specialized work (class B). 

The circular also announces the 
starting of a new service for sup- 
plying a few selected steroids for 
analytical use. Compounds of this 
category available for supply, free 
of charge, are: Oestradiol-17P, oes- 
tradiol-17P-methyl ether, oestriol 
and oestriol methyl ether. Re- 
quests for thesecompounds not ex- 
ceeding 10-20 mg, should be sent t o  
Dr. R. K. Callow, National Insti- 
tu te  for Medical Research, Ridge- 
way, Mill Hill, London N.W.7. 

A distillation condenser has been 
fabricated a t  the Prairie Regional 
Laboratory, National Research 
Council, Saskatoon, Canada, in 
which the difficulties normallv 
encountered in routine laboratory 
distillations regarding change-over 
from refluxing to  distillation have 
been eliminated. 

In  the new apparatus, the stan- 
dard taper joints are connected 
with a condenser and the distilling 
and receiving flasks. The change- 
over from reflux to  distillation is 
carried out merely by turning the 
' T ' three-way stopcock, there- 
by  avoiding exposure of the con- 
tents of the flask to  atmosphere. 
Separate fractions can be collected 
easily by temporarily switching 
the stopcock to the reflux position 
and changing the receiver. The 
shape of the distilling head is such 
that  the splashing of the liquid 
into the receiver is avoided 
[Canad. J. Tech., 34 (1956). 3971. 

A handy one-piece device incor- 
porating both a 50-power micro- 
scope and a 10-power telescope 
useful in routine observations for 
plant-operating engineers, work- 
shop and laboratory technicians 
and design and research personnel 
has been marketed by  Edmund 
Scientific ' Corporation, Barring- 
ton, N.J. It approximates a 
fountain pen in size. When used 
as a microscope i t  is focussed by  
tilting, and a metal reflector 
throws light on the object. It is 
useful for close-up examinations 
of small parts and components of 
plastic, wood or metal. I t  is also 
handy for spotting, checking and 
inspecting machining operations, 
threads, chambers, wear on cut- 
ting tools, for studying insects. 
crystals, food particles, etc. 

For use as a telescope, the re- 
flector is unscrewed and the eye- 
piece tube and sight are drawn 
out. I t  is used for chimney, roof 
and wire inspections and for dis- 
tant  gauge readings, etc. [ J .  
Franklin Ins!.. 262(3)  (1956), 2451. 

An electronically controlled oil 
separator has been devised by 
White's Marine Engineering Co. 
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Ltd.. Durham, for separating mix- 
tures of liquids differing in their 
densities. 

A mixture of the liquids is in- 
troduced through the inlet and in 
due course the lighter liquid rises 
to  the top. In the lighter liquid, 
a pair of electrodes act as sensitive 
members in a balanced capacity 
circuit. One of the liqoids acts 
as the dielectric of a condenser, 
creating a capacity which differs 
for the two liquids. The associated 
circuit sets a motor-driven cam- 
shaft in motion and this opens a 
valve for one of the liquids and 
closes that of the other. The ope- 
ration is cyclic, the action being 
to pump out either of the liquids 
according to which is between the 
electrodes [Overseas Eng., (Nov. 
1956). 1501. 

An alternating gradient synchro- 
tron capable of producing beams 
of protons of energies up to 30 
BeV. is under coustruction at  the 
Brookhaven National Laboratory, 
Upton, N.Y. These high energy 
particles are to  be used for obtain- 
ing additional information on the 
nature of nuclear and sub-nuclear 
particles. 

The machine, estimated to cost 
$ 26,000,000, will use a series of 
alternate, strongly converging and 
diverging magnetic fields to con- 
fine a proton beam in a tube of 
relatively small cross-section. The 
focusing effect allows the produc- 
tion of high energy beams with 
smaller electromagnets and related 
equipment than would otherwise 
be possible. The protons are 
started towards their ultimate 
energy by means of a 110 ft, long 
50 MeV. linear accelerator. The 
linear accelerator will inject the 
protons into the circular synchro- 
tron magnet which will not only 
guide the particles but will also 
keep the particle beams strongly 
focused. The overall circum- 
ference of the magnet ring is half 
a mile. About 3500 tons of steel 
are required for the 240 magnets 
making up the ring. The protons 
will make 300,000 revolutions of 
the doughnut-shaped vacuum 
chamber, which is also about half 
a mile long and has a 9 x 3.5 in. 
elliptical cross-section. During 
each revolution the energy of the 
protons is increased by 100,000 
eV. by means of twelve radio- 
frequency accelerating stations 
which are periodically located 

around the synchrotron ring [Dis- 
covery, 17(10) (1956). 4031. 
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Progress  Repor t s  

INDIAN ASSOCIATION FOR THE CULTIVATION OF 
SCIENCE 

THE ANNUAL REPORT OF THE INDIAN ASSOCIATION 
for the Cultivation of Science for the year 1955-56 
records a number of new fundamental researches in 
physical and chemical branches of science. A 
number of modern precision instruments or specially 
devised apparatus have been designed and cali- 
brated for pursuing particular research problems 
during the year under review. An account of 
some of the important researches carried out in 
various departments is given below: 

General physics, X-va,ys and magnetism - A low 
temperature bath for working a t  liquid air tempera- 
ture and a differential conductivity analyser for 
measuring diffusion rate have been designed and 
constructed. 

For the determination of potential parameters of 
unlike molecules from experimental data on thermal 
diffusion, two methods, one graphical and the other 
computational, have been developed. 

During investigations on ' thermal diffusion and 
interdiffusion of gases ' for isotopic and binary 
mixtures, the contributions of the second approxi- 
mation to  the thermal diffusion factor and the third 
approximation to  concentration diffusion factor 
have been computed. The transport property colli- 
sion integrals for tlie [.ennard-Jones 12: 6 model 
over an  extensive range of temperatures have beer1 
evaluated. Knowledge of these collision integrals 
has enabled the calculation of diffusion coefficients 
to a higher degree of approximation than hitherto 
possible. 

The crystal class and space group of barium 
oxyliuoborate have been fixed and its structure 
has been established by evaluating the atomic 
co-ordinates from the  experimental observations. 

A simple method for dealing with the entrgy 
density diagrams of graphite obtained from the soft 
X-ray emission data, enabling easier estLmation of 
various electronic parameters, has been evolved. 

Measurements on the magnetic anisotropies of 
single crystals of a large number of hydrated salts 
have revealed some anomalies. I t  has been found 
that  the beliaviour of the different salts having 
the same paramagnetic ion is more or less tlle same, 
contrary to  the changes observed previously. The 
existing thexies have been observed to be inade- 
quate, particularly a t  low temperatures, to account 
for the deviations observed in respect of tlie tem- 
perature variation of ionic anisotropies of tliesc 
salts. 

Optics - An approximate and quick metl~ocl for 
the calculation of potential constants of 1, 1, 1- 
trichloroethane molecule using IVilson's universe 
kinetic energy matrices has been developed. 
Studies on the intensities and positions of some 
new lines which appear in the low-frequency region 
in the Raman spectra of meta-chlorotoluene, meta- 
bromotoluene and ortho-, meta- and paracresols in 
tlie solid state a t  different temperatures indicated 
the formation of virtual bonds among neighbouring 

molecules; tliese honrls are strengthened in the 
s ~ l i d  state, a t  low temperatures. 

The intensity of some new low-frequency lines 
appearing in the Raman spectra of frozen solution 
of carban disulphide in methyl cyclohexane a t  
-180" has been observed to persist with undimi- 
nished intensity in a 50 per cent solution, while they 
are absent in a spectrum due to a 20 per cent 
solution. The origin of these lines is traceable to  
vibrations in dimers. Experiments with solutions 
of other strengths and in other aliphatic solvents 
revealed that these new lines cannot be due to 
any oscillation in t,he lattice of pure carbon disul- 
phide but are due to oscillation in small groups of 
carbon disulphide molecules. 

In the transition from liquid to  vapour phase of 
ethylene chlorhydrin and n-propyl chloride, an  
abrupt change in the ratio of intensities of promi- 
nent liaman lines has been observed. This points 
t o  the conclusion that  the relative populations of 
the two types of molecules to which the lines are 
attributed do not depend much on temperature, 
but on the nature of the intermolecular field in 
the state of aggregation. 

Theoretical physics - The prol)lem of evaluating 
theoretically the relative importance of the influence 
of spin ant1 relativity on the decrease of the scatter- 
ing cross-section with increasing proton energy has 
been approached through a semi-relativistic Hamil- 
tonian, enabling a separation of the corrections due 
to spin and relativity. I t  has been found that  the 
spin slightly increases tlie scattering cross-section. 
The decrease in cross-section, therefore, is due to 
thc prcclominant influence of relativity effect. The 
method, however, is not applicable in the region of 
extreme relativistic energies. 

Qualitative agreement with thc essential features 
of tlie experimental observations on the polariza- 
tion effects of p-p scattering has been obtained 
by using a potential of the type e-XI in the Dirac 
equation. The second order Dirac equation built 
from the first order Dirac equation gives rise to 
spin-dependent interactions which accounts for the 
polarization effect in the scattering, resulting in an  
improvement in the quantitative agreement with 
the experimental value. 

Physical chemistry - The following interesting 
relationship has been arrived a t  between boiling 
point and other physical properties on the one hand 
and the effective nuclear charge of the molecule on 
tlie other: P = a\;(Z-S) 4-6 where P is the pro- 
perty under c!>nsideration, a and b, constants 
for any particular sequence of tnolecr~lcs, (Z-S), 
the effective atomic number; Z, atomic number 
and S a constant characteristic of each element. 

During studies on kinetics of vinyl polymeriza- 
tion, an  interesting phenomenon has been observed, 
namely that the polymer (methyl isopropenyl 
ketone) which is white in the initial stages becomes 
coloured after some time. With time, the pig- 
mentation increases and finally becomes deep red. 
The mechanism of this colour formation is being 
studiecl. 
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Ovgunic chemistry - Extensive data have been 
obtained on the ultraviolet and infrared absorption 
of organic molecules of polynuclear compounds and 
alicylic systems with a view to study their com- 
plicated structural features. 

.\ crystalline lactone isolated from costus roots 
(Satcssuvea lappa) of ICasl~mir origin has been 
cl~emically investigated and a tentative structure 
assigned. 

.I number of resins wit11 clesirable properties as 
film formers have been prepared employing the 
cashewnut shell oil. 

Inovganic chemistry - Two new liomologues of 
glycine hydroxamic acid, viz. a- and p-alanine 
hytlroxamic acids, have been synthesized, of whicli 
the CA variety forms brilliantly coloured crystals of 
copper and nickel complexes. 

. cl~lorothiosulphato-cobaltic- bis - ethylene-di- 
amine in cis and tvuns modifications has been prc- 
pared. 

.\ number of coloured and stable bi-positive silver 
complexes with pyridine carboxylic acids have been 
preparccl. They have the magnetic moment of 
about 174 p$. All the mono-, many of the di- and 
a few of the tricarboxylic acid derivatives have 
been found to form bi-positive silver complexes. A 
few of the complexes when examined by X-ray 
method showed isomorphism with the correspond- 
ing copper complexes. 

A number of colorimetric agents have been found 
suitable for the estimation of different elements. 
The reagents and the elements that can be estimated 
with them are given below: 
Ilialon-llydroxamic acid 

Benzo hydroxamic acid 
Di - p - hydroxymetbyl 
rubeanic acid 

Uenzimidazole (in the 
presence of ammonia- 
cal ethylenediamine 
tetra-acetic acid) 

Nicotine-hydroxamic 
acid 

o-Phenylenediamine 

Iron, molybdenum, ura- 
nium and vanadium 

Manganese 
Copper, cobalt, nickel 
and palladium 

Silver 

Iron, manganese, molyb- 
denum and vanadium 

Cobalt 

BOSE INSTITUTE 

THE ANNUAL REPORT OF THE INSTITUTE FOR THE 
year 1955-56 gives an account of the important 
research activities of the different sections. 

Physics - An apparatus has been constructed for 
measuring independently the ultrasonic radiation 
pressure and the hydrodynamic flow of liquids. 
The absorption coefficient measurements of a few 
normally and highly absorbing liquids, like benzene, 
carbon tetrachloride, etc., have shown large ano- 
malor~s absorption. 

Several cases of dccay of unstable particles, both 
charged and neutral, liavc bcen observed. An 
intcresting case of I<-meson decay in which tl~ere 
was evidence for direct emission of a pair of y-rays 
from the point of decay has been noticed. 

X method for the direct determination of photo- 
electric absorption coefficient has been developed. 
In the experimental set-up a thin spherical shell 
of absorber is used, a t  the centre of which is 
placed the CoeO source in the form of a ball (diam. 
0.63 cm.). A Geiger llluller counter is used as the 

detector. Pair creation phenomena being a minor 
factor in the region of 1 MeV. y-ray energy, this 
method, by elimination of scattering effect, gives 
directly the photoelectric cross-section. 

A ZnS : Ag-H,BO, scintillation detector has been 
developed for determining thermal neutron scatter- 
ing cross-section of compounds containing hydrogen 
atoms. The detector counts thermal neutrons 
while eliminating the y-rcdiation baclcground by 
biassing off the y-pulses. 

Chemistry - A survey of the distribution of 
alkaloids in Indian non-medicinal flora has been 
undertaken. Of the 18 plants investigated during 
the year under review, 9 showed the presence of 
alkaloids in traces, 2 contained appreciable amounts 
and 2 (Franciscea latifolia and BvunfeIsia americana) 
were fairly rich in alkaloidal content. 

The construction o$ a Tiselius electrophoresis 
apparatus was completed. A manual polarogra- 
phic and a gas cliromatographic apparatus were 
set up. 

The radioactive tracer technique has been applied 
to the study of plant metabolism problems such as 
role of tllioctic acid and malic acid in the mechanism 
of photosynthesis. Thioctic acid has been shown 
to play a key role in the Hill reaction in photosyn- 
thesis. 

Desoxy ribonucleic acid, isolated from the blue 
green alga Nostoc muscorum, was found to consist of 
two parts, DNA I and DNA 11. 

Plant biochr.mistry - A new type of complex 
polysaccharide, so far unreported, has been isolated 
from the 5 per cent TCA extract of Nostoc muscovum. 
Prolonged acid hydrolysis of the polysaccharide 
yielded eight sugars, six of which were identified as 
glucose, galactose, xylose, arabinose, ribose and 
rhamnose. The remaining two sugars have not yet 
been identified. 

Plant physiology - Stainable bodies found in tlie 
active pulvina cells in Mimosa pudica have been 
shown io be tannin-like bodies present in contractile 
vaenoles. Studies carried out on the mechanism of 
contraction of the pulvini of Mimosa indicated that 
the excess of sap contained in thc vacuole of the 
contractile cells was expelled into the connecting 
tissues during contraction. A close similarity in 
time sequence was found to exist between the ex- 
pulsion and re-imbibing of the vacuolar sap with 
the fall and recovery of the petiole attached to the 
pulvinus. The expelled sap has been found to 
contain some potassium salt and some free amino 
acids like glycine, alanine and glutamic acid. These 
are supposed to be the main constituents of the 
irritability substance. 

Cytogenetics and plant bveeding - Olitorius R,,, 
a species of jute, when irradiated by X-ray, under- 
goes mutation, producing a new variety, the Tall 
Mutant, which is characterized by 50 per cent 
increase in fibre bundles in thc stem. Treatment 
of the seetls of R,, with the radioactive isotope I-'>' 
rcsultetl in tlie production of two dominant mutants, 
one like the ' Tall Mutant ' and t l ~ e  other similar 
to a naturally occurring variety of olitorius, Chinsura 
green. 

In the case of sesamum and mustard, X-ray 
irradiation of theseeds resulted in early flowering and 
higher yield of oil. In the XI generations of sesa- 
mum the best plants in types 12 and 20 were found 
in 40,000 y treatments giving 118 and 105 fruits 
respectively, the respective figures in controls being 
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92 and 68. The selections continued to  give higher 
yields up to the X, generation. In X, generations 
of Bengal type of sesamum, earliness in flowering, 
ranging from 2 to 19 days, has been recorded in 
almost all types. In the X, generations, the irra- 
diated progenies have been found to  be as fertile 
a s  the parent varieties. The oil content in the 
irradiated progenies also showed increase over the 
control, the white-flowered and the small-seeded 
mutants showing an increase of 2.5 and 10.5 per 
cent of oil respectively over the control. 

The morpliology of somatic chromosomes of six 
varieties of Suttons tomatoes have been studied in 
detail. They were found to  possess one pair of 
secondary constricted cl~romosomes and a t  least 
two pairs of satellited chromosomes as compared 
to  the lone pair reported earlier. 

filicrobiology - A mutant of Aspergillus niger 
which gave about 50 per cent increase in the yield 
of citric acid was isolated. 

Polypovus osireiformis, when grown on 2 per cent 
malt extract solution, has been found to  secrete 
into the medium a substance which inactivates the 
antibiotic property of streptomycin and dihydro- 
streptomycin sulphate. The activity of the culture 
filtrate is not lost even by free steaming for 1 hr. 
or autoclaving a t  15 lb. pressure for 20 min. 

Zoology - Thyroxine has been found to be a 
more potent means of effecting metamorphosis in 
retarded tadpoles than vitamin HIS. 

EUROPEAN ORGANIZATION 
NUCLEAR RESEARCH 

FOR 

THE FIRST ANNUAL REPORT OF THE EUROPEAN 
Organization for Nuclear Research (CERN*) reviews 
its  activities during the period 29 September 1954 
t o  31 December 1955. The organization was 
inaugurated on 10 June 1955 concurrent with the 
laying of the foundation-stone of C E R S  buildings 
a t  Meyrin (near Geneva). 

The purpose of the organizatio?, supported by 
12 European Member States, is to provide for 
collaboration among European States in nuclear 
research of a purely scientific and fundamental 
character ". The results of its researches will be 
made available without any restrictions. . Construc- 
tion and operation of two accelerators for research 
on high energy particles; international co-opera- 
tion, in particular with the Unesco, in research 
work in theoretical nuclear physics, cosmic rays, 
etc. and promotion of contacts between scientists 
from different countries and dissemination of 
scientific information form the basic programme 
of the Organization. 

'Abbreviation for Conseil Europien pour la Recherche Nuclairc, 
the name of the Organization in French. 

The Organization's programme is directed by a 
Director-General through three main divisions, name- 
ly (1) Proton Synchrotron Division, (2) Synchro- 
cyclotron Division and (3) Scientific and Technical 
Services Division. The Organization is assisted. 
in the purely scientific field, by an Arlvisory Scientific 
Policy Committee of eight exceptionally qualified 
members. 

The practical work carried orit during the period 
under review was aimed a t  making improvements 
in the design and fixing of parameters of the acce- 
lerators. Studies on meson and hyperon theories 
have been carried out by the Theoretical Study Divi- 
sion. For cosmic-ray investigations an  experi- 
mental arrangement has been set up to study tlie 
lifetime and decay of K-mesons. The set-up 
consists of two large-sized multiplate cloud chambers 
and an associated electronic circuitry comprising a 
combination of scintillation and Cerenkov counters 
which arc selectively sensitive to the fast secondaries 
arising from the decay of K-mesons. The electronic 
circuits trigger the photographing equipment as 
well as register the lifetimes of tlie mesons. 

In the Proton Synchrotron Uivision, tlie principles 
of construction of a high power synchrotron machine 
are under study. The maximum energy of the 
machine would be 25 Gev. and the maximum 
magnetic field for this energy would be 12.000 gauss. 
On this basis, a set  of parameters having 50 magnet 
periods and 100 magnet units in the circ~imference 
has been adopted. 

Theoretical studies have been undertaken for 
developing approximate metliotls for reducing the 
unduly high costs of computation of the equations 
of motion of particles in non-linear fields using 
perturbation methods employing digital computers 
for carrying out calculations. The number of 
starting conditions have been reduced by carefully 
establishing a few critical conditions which represent 
possible extreme values. The approximate methods 
of perturbation evolved have already reduced com- 
putation costs by a factor of 10 and a further reduc- 
tion by a factor of 100 seems possible. 

Analytical investigations on the stability of 
particle oscillations in non-linear fields yielded 
solutions which are good approximations over longer 
periods than those derived from the standard 
perturbation theory and indicated new sub-reso- 
nances in addition to those predicted by the linear 
theory. From these investigations i t  has been 
concluded that  the  non-linearities that could be 
expected in the machine will not cause dangerous 
sub-resonances under static conditions. 

A low cost mechanical analogue consisting of a 
quartz fibre pendulum oscillating in vacuum has 
been constructed and has been found suitable to  
study experimentally non-linear resonance pheno- 
mena and to  check the validity of the analytical 
methods. 



Chlorination of Hydrated Lime 
H. C. BIJAWAT, N. K. MAITRA & P. H. BRAHME 

National Chemical Laboratory of India, Poona 

(hfanrcscvipf received 31 July 1956) 

The effect of moisture content and particle 
size of hydrated lime, and the temperature of 
calcination of the parent limestone on the 
chlorine absorption characteristics of hydrated 
lime have been studied. Maximum chlorine 
absorption takes place when dry hydrated 
lime is  used with at least 95 per cent of the 
hydrate passing through 200 B.S. mesh sieve, 
and the temperature of calcination of the 
parent limestone is c. 100O0C. 

Bleaching powders possessing good stability 
and containing 32-38 per cent available chlorine 
have been prepared from 12 selected Indian 
limestones. 

T HE object of the present investigation 
was to determine the influence of 
variables such as the particle size 

and moisture content of hydrated lime and 
the temperature of calcination of the parent 
limestone on the chlorine absorption capa- 
city and the rate of chlorine uptake of 
hydrated lime, and also to evaluate the 
suitability of some selected Indian limes 
for use as raw materials in the manufacture 
of bleaching powder. 

Limes obtained by calcining limestones 
from Gotan (Rajasthan), Katni (Madhya 
Pradesh) and Sankaridrug (Madras) were 
used in the studies (Table 1). 

Experimental procedure 

Preparation of hydrated lime - Freshly 
prepared quicklime, obtained by calcining 
limestone (f to 4 in. size) in an electrically 
heated muffle furnace, was taken in a bolt- 
head flask and water, slightly in excess of 
that required to hydrate the base, was added 
slowly while shaking the flask. The flask 
was kept aside for 30 min. The hydrated 
lime was dried at  110°C. and transferred to a 
tightly sealed container. 

Hydrated lime of the desired moisture 
content was prepared by adding the cal- 
culated amount of water to dry hydrated 
lime. The moisture content was determined 
by measuring the loss in weight on drying. 

Results of chemical analyses of the limestones 
used are given in Table 1. 

Chlorination of hydrated lime - The fluid- 
ized bed technique was employed for 
chlorination. This method of chlorination 
was adopted because of its rapidity and the 
close control it afforded over the chlorination 
process. The chlorinator (Fig. 1) consisted 
of a pyrex glass tube, 2.5 in. diam. x 30 in. 
long, fitted a t  the bottom with a sintered 
glass plate and at the top with an expanded 
disengaging section and a system of cyclone 
separators for collecting entrained solid 
particles. A thermometer was suspended 
inside the chlorinator. Hydrated lime (100 
g.) was charged into the chlorinator and a 
stream of dry air was fed into the tube at  the 
rate of 14.45 litreslmin. Dry chlorine was 
introduced into the bed at  the rate of 0.09 
litrelmin. Unreacted chlorine was absorbed 
in a caustic scrubber. 

Samples of chlorinated lime were with- 
drawn from the chlorinator from time to 
time and analysed for available chlorine. 
Chlorination was continued till no further 
chlorine absorption took place. 

Analysis of bleaching powder - The mois- 
ture content of bleaching powder was deter- 
mined in the modified apparatus of Golden- 
son and Dannerl used in the earlier study2. 
Available chlorine, silica, R,O,, ferric oxide 
and manganic oxide were estimated by stan- 
dard methods3; alumina was determined by 
difference. 

Stability - The bleaching powder was 
stored in clear glass stoppered bottles for 31 
days (average daily temperature: max., 37°C. ; 
min., 22°C. ; average relative humidity : max., 
80 per cent; min., 10 per cent); the available 
chlorine in the material was determined at  
the end of this period. An alternative de- 
termination of stability was made by heating 
samples of the material in an electric oven 
for 2 hr. a t  100°C. and estimating the loss of 
available chlorine. 
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Results and discussion 
Moisture content of hydrate - The effect of 

moisture content of hydrated lime on chlo- 
rine absorption is shown in Table 2 and 
Fig. 2. The rate of chlorine absorption 
diminishes as the moisture content increases; 
the total quantity of chlorine absorbed is also 
lowered. The absorption of chlorine by the 
hydrate is accompanied by the formation of 
water which facilitates further chlorine up- 
take. A high initial moisture content leads 
to the formation of a dense mass and also 
causes particles to stick to the sides of the 
chamber, thereby reducing the chlorine ab- 
sorption capacity of the material. 

Particle size of hydrated lime - The effect of 
particle size on chlorine absorption is shown 

TABLE 2 -  EFFECT OF MOISTURE CONTENT OF 
HYDRATED LIME O N  CHLORINE ABSORPTION 

LIME HYDKATE SIZE ~ I O I S T ~ ~ R E  MAXIMUM 
B.S. mesh % AVAILABLE 

CHl.ORINE 

:4 

Gotan 200+240 4 . 0  34 .0  
ZOO+ 240 8 . 0  30.0 

-100+200 0.0  25.8 
-100+200 2.5 25.0 

Katni - 100 +ZOO 4.5  Z2.0 
-72+100 4.0 20 .0  

FIG. 2 - EFFECT OF MOISTURE CONTENT ON CHLO- 
RINE ABSORPTION FOR KATNI HYDRATED LIME 
[Temp. of calcination, 900"C., particle size, -100 

+200 B.S. mesh] 
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in Fig. 3. Table 3 gives the maximum chlo- 
rine absorption in relation to particle size 
of the hydrate. 

The effect of particle size of hydrated lime 
on chlorine absorption is much more pro- 
nounced than that of moisture content. 
Thus, the available chlorine in bleaching 
powder prepared from Sankaridrug limestone 
rises from 15 to 34 per cent as the particle 
size of the hydrate is reduced from -36 
+72 to -240+300 B.S. mesh. 'Fat '  limes, 
which yield a large proportion of fine particles 
on slaking, are, therefore, specially suitable 
for the preparation of bleaching powder. 

Table 4 gives the grading analyses of dry 
hydrates prepared from Gotan, Katni and 
Sankaridrug white limes. The hydrates of 
the three limes differ greatly in particle size 
distribution. Gotan hydrate, as produced, 
contains a large fraction (79.5 per cent) 
passing through 200 B.S. mesh sieve, and 
tends to absorb more chlorine than Sankari- 

drug hydrate in which the proportion of 
-200 mesh particles is only 3.1 per cent. 
The intrinsic chlorine absorption capacity of 

Hvdrate Size 
BS mesh 1 Curve 

TABLE 3 - EFFECT OF PARTICLE SIZE OF 
HYDRATED LIME ON CHLORINE ABSORPTION 

(Moisture conlenl of hydrate: Kafni ,  4:;; Sankaridruf, 0%) 

HYDRATE: SIZE  AX. AVAILABLE CHLORINE 
B.S. mesh , > 

Katni linie Sankaridrug lime 
% % 

TIME, min. 

FIG. 3 -EFFECT OF PARTICLE SIZE ON CHLORINE 
ABSORPTION FOR SANKARIDRUG WHITE HYDRATED 
LIME [Temp. of calcination, 900°C.; moisture con- 

tent, nil] 

TABLE 4 - PHYSICAL CHARACTERISTICS OF SELECTED INDIAN LIMES AND 

No. ' LIMESTONE ORIGIN NATURE OF LIMESTONE CHARACTERISTICS M 
f 

Porosity Fatness Sieve analga 
% vol. hydrate,! B.S. 

vol. lime ,- 
%?6 -36+1? 

/" ,o 

Gotan Rajasthan lletamorphic, compact, car- 5.5-80 3.03 
boniferor~s 

do 51-56 4 . 0 1  
Tofaceons, poro~ia 45-51 4 .  4 3  
hletamorph~r, compact, 42-4t) 3.49 

Sojat 
Ghatra 
Katni 

d o  
do 

Madhya Pradesh 
marble 

Coralline, mrous Massive Saurashtra 
Corallite do 
Kana-Rame~waraswami, I1 Andhra 
Kona-Rameswaraswami, 111 do 
Palkur do 
Tuticorin coral Madras 
Sankaridrup white do 
I<ottayarn shells Travancore-Cochin 
Comnlercial stable bleach- - 
inp powder (Indian) 

Comn~ercial stable hlrach- - 
ing powder (foreign) 

do' 
T~ifaceons, porous 

do 
do 

Coralline, porous 
3lctamorphic. compact 
Organic, shell limestone - - - 

- - 
drying for 15 min. a t  800C *Stability test conducted on bleaching powder after 
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Curve Temp. of colcinotion, OC.  

I 900 
2 1000 
3 1 100.1200 

TIME. min 

FIG.  4 - EFFECT OF TEMPERATURE OF CALCINATION 
OF PARENT LIMESTONE ON CHLORINE ABSORPTION 
FOR KATNI HYDRATED LIME [Particle size, -200 

+300 B.S. mesh; moisture content. nil] 

Sanltaridrug hydrate is, however, slightly 
greater than that of Gotan hydrate as, under 
similar conditions of chlorination and particle 
size distribution, the former absorbs more 
chlorine than the latter (Table 4). 

The grading analysis of hydrated limes 
given in Table 4 gives an idea of the amount 
of grinding necessary to obtain a material 
suitable for chlorination. 

For the production of bleaching powder, 
hydrated lime should first be sieved, and, if 
necessary, be ground and air-classified so 
that at  least 95 per cent of it passes through 
200 B.S. mesh sieve. 

Temperature of calcination - The effect of 
temperature of calcination of Katni lime- 
stone on chlorine absorption of the derived 
lime is shown in Fig. 4. Table 5 gives the 
maximum available chlorine content of 
bleaching powders prepared from limes cal- 
cined at  various temperatures. 

The maximum chlorine content and ab- 
sorption rate rise with increasing calcination 
temperature up to about 1000°C. beyond 
which they decrease. Calcination at  low 
temperatures sometimes fails to open up the 
lime sufficiently, while high temperatures 
promote the formation of a dense and over- 
burned lime with low available lime index, 
due to the reaction of calcium oxide with 
silica and alumina present in limestone. 

Lime used for preparing bleaching powder 
should be calcined under controlled condi- 
tions with a close regulation of kiln tempera- 

CHEMICAL COMPOSITION AND STABILITY OF DERIVED BLEACHING POWDERS 

LIMZ AT 100n'C. PARTIAL CHEMICAL ANALYSIS OP BLEACHING POWDER 
1 

of hydrate kvailable SiO, RIO. Pe,O. Mn.0, MsO 5 0  ' 
nbt CI, % % % % /o /o -- % 

-722200 -200 
0 % 

15.2 i 9 . 6  30.4 0 .52  0 .09  0 . 0 3  0 .00  0 .33  0.44 

4.2. .5 42.5 33.0 0 . 4 2  0 .08  0 .03  0.01 0 .40  0 .20  
35.0 30.5 37.4 0.71 0.28 0 .08  0 .03  0.38 4.48 
22.; 40.1 30.0 0.09 0 .06  0 . 0 2  0 .01  0 . 5 7  3.67 

LOSS OF AV. 
CI, ON 

STORAGE* 
%/day 

7 - 7  
Hydrate Bleaching 

% powder 
Yo 

- - 51.24 0 .42  0.52 0 .22  0 .03  0.14 1 .30  0 .06  - €7.5 

and 27 in. Hg vacuum. The moisture content of the samples was less than 0.5%. 
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TABLE 5 - EFFECT OF TEMPERATURE OF 
CALCINATION ON CHLORINE ABSORPTION 

(Moisfrcre content of hydrafed lime, 0%) 

S O ~ I R ~ E  OF \[AX. AV.AILARLE CHLORINE PROM HYDRATE 
H Y I > R + T F  CAl .CINBD A T  (OC;.) 

TABLE 6 - EFFECT OF BED TEMPERATURE ON 
CHLORINE ABSORPTION 

(Lime from Katni was wsed) 

H Y D R A T E  SIZE %{AX. TEYPERATURI? )[AX. AVA1LARI.r  
R.S. mrsh A T T A I N E D  ("C.) CEILORINR ($&) 

7 - 7  ,-----h-- 
W i t h o r ~ t  W i t h  W i t h o u t  wit17 

w a t e r  w a t e r  w a t e r  w a t e r  
j a r k e t  j a r k e t  J n r k r t  j n r k e t  

- 100+20n o I 40 25.0 2 t . 2  
- 200 t r ~ o  64 an 29.0 so.o 

ture. The temperature in the calcination 
zone of the kiln should be as close as possible 
to 1000°C. 

Temperature variation during clalorination - 
The temperature variation in the fluidized 
bed during chlorination is shown in Fig. 5. 
The temperature rises sharply on the intro- 
duction of chlorine, attains a maximum 
and then rapidly decreases. The maximum 
temperature is in the range of 55'-6S°C., the 
only exception being hydrated lime from 
Gotan limestone in the chlorination of which 
a temperature of c. 80°C. was recorded. The 
maximum temperature was reached from 2 
to 10 min. after the introduction of chlorine. 
Higher temperatures were attained with de- 
creasing particle size of hydrate. 

The lowering of the bed temperature from 
64" to 30°C., by surrounding the chlorinator 
with a water jacket and circulating cold 

water, had little effect on total chlorine ab- 
sorption (Table 6). 

Evaluation of limes for bleaching powder 
manujacture - Bleaching powder was pre- 
pared in the fluidized bed apparatus em- 
ploying optimum conditions from a dozen 
hydrated limes considered suitable for the 
purpose by virtue of their purity and white- 
ness. The chlorinated product was dried 
under vacuum a t  80°C. for 15 min. 

The available chlorine content, partial 
chemical composition, stability and white- 
ness of the bleaching powders produced are 
given in Table 4; the composition and stabi- 
lity of two commercial bleaching powders 
are included for comparison. 

Rate of chlorination and chlorine absorption 
capacity - The chlorine absorption capa- 
cities of different hydrated limes are recorded 
in Table 4 and shown in Figs. 6 and 7. The 
hydrates derived from coralline limestones, 
such as massive, corallite and Tuticorin 

Curve Hydrofe  

I C h o l m  ------1-200 + 300 81 n.shl 

2 Kono-Romtr.ororromi-llll-200 + 30085 meal 
3 Goton ------- I- ZOO+ 300 Bs mesh1 

FIG. 5 - TEMPERATURE VARIATION IN THE FLUID- 
IZED BED DURING CHLORINATION 

I I I I 
25 50 71 100 

TIME, min. 

FIG. 6 - CHLORINE ABSORPTION CURVES FOR HY 
DRATED LIMES 
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0 
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FIG. 7 - CHLORINE ABSORPTION CURVES FOR HY- 
DRATED LIMES 

coral, as a class, appear to possess low 
chlorine absorption capacity. Apart from 
this, no significant relationship is apparent 
between the nature of lime and its chlorine 
absorption characteristics. 

The rates of chlorine absorption by hydrat- 
ed limes can be calculated from Figs. 6 and 7. 
Table 7 gives the time required to attain an 
available chlorine content of 30 per cent and 
the maximum available chlorine content. 
'The results show that the highest chlorine 
absorption capacity is not necessarily asso- 
ciated with the highest absorption rate. For 
example, Sojat hydrated lime has the highest 
rate of absorption, but the total chlorine 
absorption is relatively low. On the other 

TABLE 7 - CHLORINE ABSORPTION RATES OF 
HYDRATED LIMES 

HYDRATE TIME REQUIRED FOR 
A T T 4 I N I N G  --- 

30% av. CI. Max. av. CI, 
mtn. min. 

Sojat 15 25 (33.9). 
Kona-Rameswaraswami, 111 16 60 (34.0) 
Kona-Rameswaraswami, I1 2.5 60 (33 3) 
Gotan 25 60 (36.4) 
Toticorin coral 26 55 (32.5) 
Sankaridrup white 31 70 (37.9) 
Ghatra 35 70 (37.4) 
Corallite 
Katni 
Palkur 
Massive 

*Figures in parentheses denote maximrlm available chlorine 
content. 

TABLE 8 - STABILITY OF BLEACHING POWDERS - 
COMPARISON OF STORAGE AND HEATING TESTS 

BLEACHING POWDER LOSS OF AVAILABLE 
CHLORINE 

Gotan 
Sojat 
Ghatra 
Katoi 
Massive 

Storage Heating 
test* test* 

%/day % 

Corallite 0.05 0.26 
Kana-Rameswaraswami, I1 0.05 0.62 
Kona-Rameswaraswami, 111 0.06 0.66 
Palkur 0.09 1.77 
Tuticorin coral 0.06 0.50 
Sankaridrug white 0.05 0.72 
Kottayam 0.06 - 
Commercial Indian stable bleachine 0.10 0.66 

powder 
Commercial foreign stable bleaching 0.06 0.90 

powder 

'Storage and heating tests were conducted on bleaching powder 
after drying for 15 min. at 8O0C. and 27 in. Hg vacuum. The 
moisture content was less than 0.5%. 

hand, the chlorine absorption rate of Sankari- 
drug hydrated lime is relatively low although 
i t  shows the highest chlorine absorption capa- 
city. 

Chemical composition and stability of bleach- 
ing powders - Bleaching powders prepared 
from the selected limes, with the possible 
exception of Palkur and Tuticorin coral, are 
of excellent quality and are superior to 
commercial bleaching powders. Bleaching 
powders made from Palkur and Tuticorin 
coral hydrates contain excessive proportions 
of silica. 

The results of heating tests on bleaching 
powder (for 2 hr. at  100°C.) are reported to 
correlate with those of storage tests at  45OC. 
and 20-80 per cent relative humidity5. 
Table 8 gives the results of heating and 
storage tests on bleaching powders prepared 
from different hydrated limes. I t  will be 
seen that the data obtained by the heating 
tests do not correlate with those obtained by 
storage tests. The conditions under which 
the results of storage and heating tests 
can be compared require further investiga- 
tion. 

Summary 

Bleaching powders were prepared from 
different hydrated limes by chlorination in a 
fluidized bed. 

Chlorine absorption was facilitated when 
the hydrated lime was dry and ground to a 
particle size such that at  least 95 per cent 
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Aca-catechin-A New Antioxidant : Part I1 
S. M. HUSAINI, S. RAGHAVENDAR RAO & S. A. SALETORE 

Regional Research Laboratory, Hyderabad (Deccan) 

(Mnnzrscript received 25 Jzrlze 1956) 

Aca-catechin, aconstituentof cate&u (katha), 
has been shown to be a good antioxidant for 
fats and oils in spite of its low solubility in 
them. Addition of 0.05 and 0.1 per cent aca- 
catechin to ghee increases its shelf storage 
life from 123 to 240 and 210 days respectively. 
Its carry-through properties in potato chips 
and biscuits are promising. 

H USAINI and Saletore have reported 
aca-catechin to be a good antioxidant 
for fats and oils1. They studied the 

antioxidant behaviour of aca-catechin on 
raw groundnut oil by accelerated oxidation 
and shelf storage tests. The present com- 
munication reports the results of com- 
parative studies with aca-catechin and some 
well-known antioxidants. 

Experimental procedure 

The procedure described in the earlier 
paper1 was employed for studying the anti- 
oxidant behaviour of aca-catechin. Swift 
stability tests were conducted with the sub- 
strate oil at 95°C. using purified air, and the 
point of rapid increase of the peroxide value 
by 30 units or more taken as the end of the 
induction period. The shelf storage test was 
carried out in 8 oz. narrow-mouthed, colour- 
less glass bottles held in diffused daylight at 
room temperature, the bottles being kept 
half full of fat. 

Results and discussion 

Accelerated oxidation test - The results of 
comparative studies with some well-known 
antioxidants and catechin, using raw ground- 
nut oil as substrate, are given in Table 1. 
The results obtained with catechin on raw, 
refined and dried groundnut oil are given in 
Table 2; the earlier results1 on raw ground- 
nut oil are included for comparison. Table 3 
gives the results with raw mustard oil and a 
commercial hydrogenated fat obtained fresh 
from a local manufacturer. 

The results show that aca-catechin is 
effective as an antioxidant in all the fats 
tried, the protection conferred being of the 
same order as in the case of other antioxi- 
dants. Refined groundnut oil has very low 
stability, and the protection conferred by 
aca-catechin, particularly in synergism with 

TABLE 1 - ANTIOXIDANT CHARACTERISTICS OF 
DIFFERENT COMPOUNDS IN RAW GROUNDNUT OIL 

(Conc. of antioxidant, 0.1?: on the a,t. of oil) 

Control 
B.H.A. 
Catechin 
Propyl gallnte 
N.D.G.A. 

INDUCTION PROTECTION 
PERIOD FACTOR 

hr. 
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TABLE 2 - ANTIOXIDANT CHARACTERISTICS OF 
ACA-CATECHIN IN GROUNDNUT OIL 

ANTIOXIDANT INDUCTION PROTLCTION 
PERIOD FACTOR 

hr. 

Raw groundnut oil 

Control 1'2 - --  
~cn-catech in  (0.054;) 41 2.4 
Aca-catrchin (0.10:',) 6 0  4 . 0  
Aca-catechin (0.05%) + phosphoric 35 2 . 0  

acid (0,0050,b) 
Aca-catechin (0,109!,) + phosphoric 91 6 . 6  

acid 10.05?/1 
Aca-caterhin "ii).05%) + citric acid 40 2 . 3  

( 0 ~ 0 0 5 % )  
Aca-catrchin (0.10:/,) + oleic acid 8 3  6 . 3  

.(O.o:,:") 

Refined groundnut oil 

Control 2 - 
Aca-catechin (0.05%) 10 4 . 0  
Aca-catechin (0.05%) + phosphoric 17 7 . 5  

acid 10. IW15%\ 
~ca-catkchin-  (6: 176) + phosphoric 34 1 6 . 0  

acid (0.05q/,) 
Aca-catechin (0.1:/,) + citric acid 31 1 4 . 5  

(0.05q;) 
Aca-catechin (0.1?!,) + oleic acid 58 2.3.0 

(0'05%) 

Raw, drled groundnut oil 

Control 
Aca-ratechin (0 .05%)  
Aca-catechin (0 .10%)  

TABLE 3 - ANTIOXIDANT CHARACTERISTICS OF 
ACA-CATECHIN IN DIFFERENT FATS 

ANTIOXIDANT CONC. OF INDUCTION PROTECTION 
ANTIOXIDANT PERIOD FACTOR 

Yo hr. 

Raw mustard oil 

Control - 1 0  - 
Aca-catechin 0 . 0 5  26 1 . 8  

do  0 . 1 0  30 2 . 9  

Hydroeenated fat 

Control - 17 - 
Aca-catechin 0 . 0 5  66 8 . 0  

do 0 .10  92  4 . 4  

oleic acid and phosphoric acid, is very 
striking. Thus 0.1 per cent aca-catechin 
with 0-05 per cent oleic acid as synergist 
gives a protection factor of 28. 

Solubility of aca-catechin i n  groundnut oil - 
The solubility of aca-catechin in raw ground- 
nut oil is only 0.09 per cent. On drying the 
oil over sodium sulphate, the solubility falls 
to 0.005 per cent indicating that the solu- 
bility in raw oil is due mostly to the moisture 
present in it. For studying its antioxidant 
properties, therefore, aca-catechin was in- 
corporated into the oil in alcohol solution. 
On evaporating the solvent, the material 

settles out as a fine powder. Aca-catechin is 
effective even when dispersed in perfectly 
dry oil (Table 2). This is in accord with the 
finding of Taufel and Rothe2 that solubility 
is not essential for antioxidant effectiveness. 

Shelf storage of ghee -To fresh cow ghee 
(from the Indian Dairy Research Institute, 
Bangalore) aca-catechin was added in two 
concentrations, viz. 0.05 and 0.1 per cent, and 
the samples stored along with a control 
sample without catechin. While the control 
sample went rancid in 123 days, the samples 
containing 0.05 and 0-1 per cent aca-catechin 
went rancid only after 240 and 210 days 
respectively, implying protection factors of 
1.0 and 0.7. 

Carry-through properties - Potato chips 
(50 g.) fried a t  250" in refined groundnut oil, 
with and without antioxidant, were kept in 
closed glass jars at room temperature. The 
fat was extracted from the chips periodically 
with chloroform and alcohoP. Chips fried 
in fat containing no aca-catechin went 
rancid in 5 days, while those fried in fat 
containing 0.05 and 0.1 per cent aca-catechin 
could be stored for 18 and 36 days respec- 
tively, implying protection factors of 2.6 and 
6.2 per cent. 

Salted, plain biscuits were made with 
Polson's kiln-dried flour and Marvo, a com- 
mercial hydrogenated fat, a t  a baking tem- 
perature of 220°C. In a typical experiment, 
the life of biscuits kept in an oven at 63°C. 
increased from 4-5 days to 9 days when 0.1 
per cent aca-catechin was added to the fat. 
Further laboratory and large-scale commer- 
cial trials are in progress. 

Katha of the best quality costs about 
Rs. 6 per lb. yielding about 80 g. of aca- 
catechin by solvent extraction with ethyl 
acetate which is mostly recoverable. The 
residue is suitable for chewing purposes. 

Since most of the imported antioxidants 
cost from Rs. 20 to 50 per lb., it would be 
economical to use aca-catechin in their place. 
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Beneficiation of Gypsum 
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National Metallurgical Laboratory. Jamshedpur 

(Manuscript received 24 September 1956) 

A sample of gypsum (CaS0,.2H,O, 81.28 per 
cent) from Rajasthan containing quartz and 
calcite as impurities has been upgraded, using 
dry methods of beneficiation, to give a product 
conforming to the specification for making 
fertilizer (CaS04.2H,0, 85-87 per cent). Crush- 
ing the sample to -8 mesh and screening off 
the -100 mesh fraction produced a gypsum 
concentrate assaying 41.83 per cent SO, (89.93 
per cent gypsum) with a recovery of 82.9 per 
cent. Treatment of the -100+200 mesh frac- 
tion in an electrostatic separator produced a 
concentrate assaying 37.35 per cent SO,, which 
when mixed with the -8+100 mesh fraction 
assayed 41.44 per cent SO, (89.10 per cent 
gypsum) with an overall recovery of 89.9 per 
cent. Screening out the -200 mesh instead of 
the -100 mesh fraction produced a concentrate 
assaying 40.33 per cent SO, (86.7 per cent 
gypsum) with a recovery of 92.6 per cent 
of gypsum. 

P UREgypsum (CaS04.2H20, 100per cent) 
contains SO,, 46-5 ; CaO, 32.6; and H,O, 
20.9 per cent. For the manufacture of 

sulphuric acid, purity of gypsum should not 
be less than 84 per cent and for making ferti- 
lizers it should contain not less than 85 per 
cent CaS04.2H20. 

Sindri Fertilizers & Chemicals Ltd, specify 
gypsum of not less than 87 per cent purity 
and silica content below 7 per cent.for use 
in the manufacture of fertilizer. The sodium 
chloride content should be as low as possible, 
the permissible upper limit being 0.03 per 
cent. 

The present communication reports the 
results of dry beneficiation of a gypsum 
sample from Rajasthan. 

The sample of ' green gypsum ' from 
Rajasthan (received from Messrs Mecanico, 
New Delhi) consisted mostly of fines but 
contained also a few lumps about 3-4 in. in 
size. 

The gypsum was largely of the crystalline 
variety, dull white to grey in appearance. 
The principal gangue mineral was quartz, 
small quantities of calcite, chlorite and 
traces of a few other minerals were also 

The lumps were crushed to about 1 in. 
size in a jaw crusher and thoroughly mixed 
with the fines. Part of this was roll crushed 
to -8 mesh for chemical analysis. The 
chemical composition of the sample is given 
in Table 1. 

The mineralogical composition as com- 
puted from the chemical analysis of the 
sample is given in Table 2. 

The sample thus appeared to be of a fairly 
good grade, though not suitable for fertilizer 
production. As quartz was the main gangue 
mineral, the problem of beneficiation con- 
sisted in its elimination. 

Results and discussion 

As the sample was from an area where 
water is scarce, only dry methods of concen- 
tration were attempted. In the absence of 
any magnetic mineral in the sample, only 
electrostatic separation was tried. 

Sieve analysis - Different sieve fractions 
of a representative sample crushed to -8 

TABLE PHEMICAL COMP?SITION 
GREEN GYPSUM 

SO8 . CaO 
H,O (combined) 
H,O (free) 

:,Pd, 
A180. 
Fe,O. 
MgO 
NaCl 
Total insolubles 

TABLE 2 - MINERALOGICAL COMPOSITION 

CONSTITUENT % 

Gypsum 
Mg COa 
CaCO. 
CaO excess 
Fe,O, +Also. 
NaCl 
Free H,O 
SiO 
0thkr ingredients 

present. 
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TABLE 3 - SIEVE ANALYSIS 

SIZE WT. 
O/ 

ASSAY DISTRIBUTION 
mesh I., % % 
B.S. INSOLUBLES INSOLUBLES 

Head (calc.) 100.0 9.93 100.0 

mesh were analysed for their insoluble con- 
tents. The results are given in Table 3. 

The insoluble content was quite low in all 
the +I00 mesh fractions, but steeply in- 
creased in the -100 mesh fraction and in- 
creased further with increasing fineness. 
When different sieve fractions were treated 
with a heavy liquid (sp. gr. 2-60) gypsum 
floated and free quartz being heavier settled 
down. In fractions coarser than 35 mesh, 
no free quartz was observed and the small 
quantity present was found interlocked with 
gypsum grains. Liberation of quartz from 
gypsum started a t  35 mesh. The -100 
mesh fraction, constituting 26-2 per cent by 
weight, accounted for 72.6 per cent of the 
insolubles (mostly quartz) contained in the 
original sample. 

Electrostatic separation after grinding to 
-35 mesh -A portion of the -8 mesh 
original sample was crushed to -35 mesh 
in a roll crusher and screened into closely 
sized fractions. All the fractions except-200 
mesh were passed through an electrostatic 
separator. Quartz was found to collect on 
the conducting side and gypsum on the non- 
conducting side. Conditions were adjusted 
so as to get a clean gypsum concentrate. The 
results of this test are given in Table 4. 

Fairly good separation of gypsum and 
quartz was effected by electrostatic separa- 
tion. No tailing was obtained from the -35 
+48 mesh fraction, as no free quartz was 
present. All the concentrates and middlings 
when mixed up assayed 41.88 per cent SO,, 
equivalent to a grade of 90-04 per cent 
gypsum with a recovery of 79.2 per cent. 

Electrostatic separation of $nes - The pre- 
vious tests indicated that the coarser frac- 
tions were rich in gypsum and quartz was 
mostly distributed in the - 100 mesh fraction. 

For improving the recovery of gypsum 
from the fines a portion of the original'-8 

TABLE 4 - ELECTROSTATIC SEPARATION OF THE 
-35 MESH FRACTION 

WT. ASSAY DISTRI- 
% % SO, BUTION 

% so. 
-35+48 mesh 

Gypsum concentrate 19.7 43.10 23.0 
Middling 5.0 41.78 5.6 
Tailing nil - - 

-48+65 mesh 
Gypsum concentrate 10.6 43.55 12.6 
Middling 3.5 42.67 4.0 
Tailing 1.9 36.87 1.9 

-65+100 mesh 
Gypsum concentrate 11.5 . 43.28 13.4 
Middling 3.2 42.17 3.6 
Tailing 1.1 21-98 0.6 

- 100+200 mesh 
Gypsum concentrate 11.2 38.65 11.7 
Middling 5.4 36.98 5.4 
Tailing 4-0 17.76 1.9 

-200 mesh 22.9 26.58 16.4 

Head (calc.) 100.0 37.09 100.0 

mesh sample was screened into two fractions, 
-8f100 and -100 mesh. The -8+100 
mesh fraction constituting 74.8 per cent by 
weight was kept aside as a gypsum concen- 
trate and the -100 mesh fraction, rich in 
quartz, was further screened into three frac- 
tions, - 100+150, - 150+200 and -200 
mesh. The first two fractions were passed 
through an electrostatic separator. The 
-200 mesh fraction could not be treated as i t  
was verv fine. The results are recorded in 
Table 5: 

The -8f100 mesh fraction assaying 
41.83 per cent SO, was equivalent to a 
gypsum concentrate of grade 89-93 per cent 
and it contained 82.9 er ent of the total 
gypsum present in t$e Lginaginal sample. 
Electrostatic separation of the - 100+200 
mesh fractions produced concentrates which 
were not of a high grade although some in- 
soluble~ could be eliminated in the tailing. 
By mixing the two gypsum concentrates and 
the middling from the -100f150 mesh 
fraction, a product could be obtained assay- 
ing 37.35 per cent SO, and recovering an- 
other 7.0 per cent of gypsum. This product 
when mixed with the -8+100 mesh frac- 
tion yielded a gypsum concentrate assay- 
ing 41.44 per cent SO, and 4.67 per cent 
insolubles, equivalent to a grade of 89.10 per 
cent gypsum with an overall recovery of 
89.9 per cent. 

However, when the -8 mesh sample was 
screened through a 200 mesh sieve, the -8 
+200 mesh fraction assayed 40.33 per cent 
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TABLE 5 - ELECTROSTATIC SEPARATION OF FINES 

PRODUCT WT. ASSAY . D I ~ T R I B ~ T I O N  

"'. ~2 
% bles % bles , 

I0 70 
-8+106 mesh 74.8 41.83 
-100+IM) mesh 
Gypsum concen- 4.1 38.64 

tratr ----- 
Middling 0.6 33.W 
Tailing 1.9 23.36 

-150+200 mesh 
Gypsun1 concen- 2.4 36.08 

' trate 
Middling 1.6 p 2 . p ~  
Tailing 1.3 17.30 

-200 mesh 13.3 21.08 

Head (calc.) 100.0 37.77 

TABLE 6 - CHEMICAL ANALYSIS OF THE 
CONCENTRATE 

CONSTITUENT -8+100 MESH I \ ~ I X E D  
01 10 CONCENTRATE 

so. 41.83 41.44 (89.93 gypsum) (89.10 gypsum) 
CaO 31.96 31.80 
MRO 0.66 0.67 
CO 1.18 1.27 ~ , h  (combined) 19.01 18.87 
SiO, 3.18 3. i0 
Fe,Oa +AIaO. 0.91 1.01 
NaCl <0.01 <0.01 

SO, and 6.81 per cent insolubles equivalent 
to a concentrate of grade 86.7 per cent with 
a recovery of 92.6 per cent gypsum; 

The complete chemical analyses of the -8 
+I00 mesh fraction and also of the product 
obtained by mixing it with the two electro- 
static gypsum concentrates and the -100 
+ 150 mesh middling obtained from this test 
are given in Table 6. The concentrates thus 
satisfy the grade requirements for the pro- 
duction of fertilizer. 

Summary 

The sample of ' green gypsum ' assayed 
SO,, 37.83; CaO, 30.33; H,O (combined), 
17.25; CO,, 2.67; SiO,, 7.82; A1,0,, 1.49; 
Fe,O,, 0.78; MgO, 1.24; and NaC1, <0.01 
per cent. I t  was equivalent to a gypsum of 
grade 81.28 per cent. The principal gangue 
mineral was quartz, but the sample contained 
a little calcite also. 

Only dry methods of beneficiation were 
investigated. Sieve analysis and preli- 
minary sink and float tests indicated that 

the fractions coarser than 100 mesh were rich 
in gypsum and the -100 mesh fraction 
contained nearly three-fourths of the total 
insolubles (quartz) present in the sample. 

Electrostatic separation after grinding the 
sample to  -35 mesh produced a combined 
concentrate assaying 41-88 per cent SO,, 
equivalent , t o  a grade of 90.04 per cent 
gypsum with a recovery of 79.2 per cent 
in the product. 

Screening out the -100 mesh fraction 
after crushing the original sample to -8 
mesh yielded an oversize product assaying 
41-83 per cent SO, (89.93 per cent gypsum) 
with a recovery of 82.9 per cent. Electro- 
static separation of the -100 + 200 mesh 
fraction yielded a product assaying 37.35 
per cent SO3 and recovered another 7.0 per 
cent of the gypsum. This product when 
mixed with the -8+100 mesh fraction 
produced a combined concentrate assaying 
41-44 per cent SO3 (89.10 per cent gypsum), 
with a recovery of 89.9 per cent of the total 
gypsum in the product. 

Even by screening out the -200 mesh 
fraction from the -8 mesh sample, a fairly 
good grade of gypsum concentrate assaying 
40.33 per cent SO3 (86.7 per cent gypsum) 
could be obtained, with a recovery of 92-6 
per cent. 

The cheapest method of concentrating 
the sample for fertilizer production (87 per 
cent purity) would be to crush the run-of- 
mine gypsum to -8 mesh and air classify 
it to eliminate approximately the -200 
mesh fines; the recovery would be 92-93 
per cent. 
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Studies on Karbogel - a Desiccant 
from Coal: Effect of Base Exchange 
on Dry Gas Capacity ( D.G.C.) 
B. K. SARIN & R. P. PURI 

Central Fuel Research Institute, Jealgora, Bihar 

(Manrcscript received 2 July 1956) 

The dry gas capacities of different ionic 
forms of Karbogel and Nalcite HCR (Dowex 
50) have been determined. The moisture 
sorption property of Karbogel seems to be 
mainly a function of -SO,H and -COOH 
groups and their corresponding salts, which 
hydrate to different extents. 

T HE desiccating properties of Karbogel, 
a product of sulphonation of coal, 
have been reported in an earlier paper1. 

In the present study, the dry gas capacities 
(D.G.C.) of different ionic forms of Karbogel 
have been determined and compared with 
those of the corresponding ionic forms of 
Nalcite HCR (Dowex SO), a resinous sul- 
phonic acid ion-exchange material. 

Experimental procedure 

Sulphonated coal was prepared by the pro- 
cess described earlier1. For preparing dif- 
ferent ionic forms of Karbogel, sufficient 
quantity of 5 per cent hydrochloric acid was 
passed through a glass column packed with 
the material to convert it first to the 'H' 
form. After washing off excess of the acid 
by passing demineralized water, the material 
in the column was treated at a slow rate with 
a solution containing excess of a 15-20per cent 
mixture of chloride and hydroxide of the 
cation desired to be introduced, in the ratio 
of 1:  5. The bed was finally washed free of 
salts with demineralized water and air-dried. 
The whole operation was carried out at room 
temperature. The material was then acti- 
vated at 100'-110' to a constant weight. 

Sulphonated polystyrene - divinyl ben- 
zene polymer (Nalcite HCR) - was converted 
to various cationic forms by the same 
method. 

The dry gas capacities (D.G.C.) of the 
material were determined with the apparatus 

and under conditions described in the pre- 
vious communication1. 

Results and discussion 

Sorption.of water vapour by Karbogel may 
be ascribed to (i) physical adsorption in the 
capillary system of the material and (ii) the 
presence of sulphonic and carboxylic groups 
and the formation of hydrated ions in the 
case of different ionic forms of the material. 
The presence of hysterisis, which extends 
from the lowest to the highest humidity 
range, in the sorption-isotherm curve of 
Karbogel indicates adsorption by capillary 
action (Nandi, S. P. and Puri, R. P., 
unpublished data). The hysterisis has also 
been found to decrease with repeated adsorp- 
tion and desorption cycles, which may be 
due to the disruption and collapse of the 
capillaries and intermicellar spaces. The 
decrease in D.G.C. in the first few drying 
runs of Karbogel, as reported in the earlier 
communicationl, may either be due to the 
collapse of capillaries or to the decomposi- 
tion of the less stable groups which may be 
present in Karbogel. 

The pore area of Karbogel as determined 
by low temperature argon adsorption has 
been found to be very small, indicating very 
little adsorption due to capillary conden- 
sation. Thus, most of the sorption is due to 
the presence of -SO,H and -COOH groups, 
which hydrate to different extents depending 
upon the particular ion associated with these 
groups2. 

The dry gas capacities of different ionic 
states of Karb~gel and Nalcite HCR are 
given in Table 1. I t  is clear that replace- 
ment of H by a metallic ion produces a 
depressing effect on the water adsorption 
capacity of Nalcite HCR. The results are 
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TABLE 1 -DRY GAS CAPACITIES OF DIFFERENT 
IONIC FORMS OF KAIMDEL AND NALCITE HCR ,,t (DOWEX 50) 

Ioarc STATE DRY GAS CAPACITY (%) 
7- - -7  
Karbogel Nalcite 

HCR 

Bivalent HYDRATED IONIC RADIUS. A 
Mg 11.6 16.6 
Ca 11.0 15.1 FIG. 1 - DRY GAS CAPACITY VS. HYDRATED IONIC 
Ba 9.5 10.0 RADII OF MONOVALENT IONS OF KARBOGEL AND 

NALCITE HCR 

in agreement with those of Gregor et aL2, 
both in the case of monovalent and bivalent 
ions. 

In the case of Karbogel, however, an 
opposite effect, namely an increase in 
D.G.C., is observed. During sulphonation 
of coal, the side chain groups are oxidized 
to carboxylic groups. The carboxylic groups 
were found to be present in Karbogel to the 
extent of 50 m.e./100 g. As carboxylic 
groups are less likely to dissociate from the 
hydrogen form of Karbogel than from the 
cationic form, it results in lower values of 
D.G.C. of the H form of Karbogel. The 
replacement of H of the carboxylic groups 
by a metallic ion makes the resulting groups 
dissociate to a greater extent, thereby in- 
creasing its water sorption capacity. The 
higher water sorption capacity of the metallic 
salts of a carboxylic resin, noted by Gregor 
ct aL2, supports this view. 

The variation in D.G.C. of different ionic 
states of Karbogel and Nalcite HCR is 
possibly due to the difference in the degree 
of hydration of the cations in the two. In 
Fig. 1, the D.G.C. values are plotted against 
the hydrated ionic radii in the case of forms 
containing monovalent ions. The D.G.C. 
of these forms falls in the order of their 
hydrated ionic radii. Fig. 2 gives the rela- 
tion for bivalent cations. In this case also 
the strongly hydrated magnesium ion shows 
the highest D.G.C. A sharp fall in D.G.C. 
in the case of barium form is observed with 
both the materials, this being particularly 
marked in the case of Nalcite HCR. This 
may be due to its low activity coefficient as 
compared to those of magnesium and calcium 
as well as due to its tendency to form asso- 
ciated ion pairs. The low value of D.G.C. in 
the case of barium may also be explained on 

6 I B 

HYDRATED IONIC RADIUS. A 

FIG. 2 - DRY GAS CAPACITY VS. HYDRATED IONIC 
RADII OF BIVALENT IONS OF KARBOGEL AND NALCITE 

HCR 

the basis of its high molecular weight. Since 
D.G.C. determinations have been carried 
out on weight basis, the volume through 
which the gas is allowed to pass is less in the 
case of the barium form of Karbogel as com- 
pared to the volume of an equal weight of 
calcium or magnesium form, thereby giving 
the low value of D.G.C. 

I t  is clear from Figs. 1 and 2 that in the 
case of Karbogel containing bivalent metals, 
e.g. calcium, the D.G.C. value is comparable 
to that of the sodium form although hydrat- 
ed ionic radius of calcium is smaller. This 
behaviour of the bivalent ions can be ex- 
plained by assuming that unlike monovalent 
ions, each bivalent ion is not associated with 
any particular -SO,H group, but is distri- 
buted throughout the matrix in positions of 
minimum potential energy, i.e. the ions are 
held in stoichiometric number by electro- 
static forces and are, therefore, capable of 
maximum possible hydration. 

Karbogel has been found to be quite stable 
in the various ionic forms except the magne- 
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sium form which, in spite of its high initial 
D.G.C., deteriorates with subsequent sorption 
and desorption cycles. A fall in the exchange 
capacity and hence the -SO,H groups was 
also observed which may naturally affect the 
D.G.C. Further study is, however, neces- 
sary to find out why the magnesium form 
only exhibits this behaviour. 

Conclusion 

Moisture adsorption by Karbogel appears 
to be mainly a function of sulphonic and 
carboxylic groups and the D.G.C. values of 
the different ionic forms of Karbogel are 
functions of the hydrated ionic radii. The 

sodium form of Karbogel appears to be 
sufficiently stable, with D.G.C. comparable 
to those of other industrial desiccants. 

Acknowledgement 

The authors express their grateful thanks 
to Dr. A. Lahiri, Director, Central Fuel 
Research Institute, for encouragement in 
carrying out the work and for permission to 
publish the results. 

References 
1. SARIN, B. K. & PURI, R. P., J. sci. industr. Res., 

14B (1955), 587-91. 
2. GREGOR, H. P. et al.,  J .  Colloid Sci., 7 (1952). 

511-34. 

Rot-proofing of Jute by Treatment 
w i t h  S o l u b l e  C o p p e r  Sa l t  
W. G. MACMILLAN, S. N. BASU & P. N. PAL 
Indian Jute Mills Association Research Institute, Calcutta 

(Manuscript received 15 November 1956) 

A considerable degree of rot-resistance is  
imparted to jute materials by dipping them 
in a bath of a soluble copper salt, such as 
cupric sulphate or acetate. Copper under 
these conditions is taken up by jute in appre- 
ciable amounts and is fairly resistant to the 
leaching action of water. Copper, it is suggest- 
ed, is bound by chemical combination with 
certain reactive groups, present mainly in 
the non-cellulosic constituents of jute. In 
view of the relative cheapness and ease of 
operation, the treatment appears to offer prac- 
tical possibilities. 

R ELATIVELY greater emphasis has 
been placed by previous workers on 
the use of copper compounds for the 

rot-proofing of jute, mainly because of their 
high antiseptic potency, relative cheapness 
and ready availability. Among the com- 
pounds tried are the naphthenate, oleate, 
basic carbonate, chromate, oxychloride, oxide 
and thiocyanate of copper and cupram- 
monium. Work done in this laboratory with 
a comprehensive range of rot-proofing agents 

also demonstrated the clear superiority of 
copper treatment1. 

Ordinarily, the rot-proofing methods are 
based on the deposition of insoluble copper 
compounds on the fibre and involve the use 
of several chemicals or baths, or even com- 
paratively expensive organic solvents. More- 
over, copper thus deposited cannot be so 
firmly bound as in chemical combination 
with the fibre. 

Although such techniques may be the only 
practical ones available for the deposition of 
toxic metal salts on nearly pure cellulosic 
fibres like cotton, with jute a different ap- 
proach seems possible because of its non- 
cellulosic constituents, which can bind cations 
under suitable conditions. 

Various workers have observed, in the 
course of the last fifty years or so, that cellu- 
losic materials take up metallic ions from salt 
solutions2. I t  is now well established that 
the primary cause is ion exchange between 
salts and suitable reactive groups present in 
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cellulosic materials. In cotton, such reac- 
tions take place with free carboxyl groups or 
carboxyl groups (present in pectin and cellu- 
lose) already bound with cations. Evidence 
for the presence of free acidic groups was 
obtained, for example, from the observation 
that solutions of sodium chloride, mercuric 
chloride and some other salts, when filtered 
through cotton, lost the cations with the 
accumulation of free mineral acid in the 
filtrate. Similarly, evidence has also been 
obtained for ion-exchange reactions with 
metallic elements present in the cellulose ash. 

Such exchange reactions have been found to 
take place more freely in the case of relatively 
impure cellulosic materials. Ripley-Duggan3 
observed that the retention by wood of cop- 
per and zinc from aqueous solutions of their 
salts results from the replacement by these 
ions of hydrogen and metal ions attached to 
hydroxyl and carboxyl groups occurring in 
the natural constituents of wood. Earlier, 
Mclean and Wooten4 had shown that the ex- 
change capacity of cellulosic materials de- 
creases as they are purified with the removal 
of uronic acids, pectic acid, lignin, etc., and 
concluded that these reactions occur mainly 
with suitable groups present in the P- and 
y-cellulose fractions. Raw jute was shown 
by them to function as a very efficient water 
softener, after suitable activation with dilute 
acid and sodium chloride solution, and its 
acid-neutralizing capacity was among the 
highest of several cellulosic materials tested 
by them. 

The object of the present investigation was 
to observe to what extent copper is bound 
to jute fabrics on impregnation with aqueous 
solutions of its salts, and also to determine 
the rot-resisting efficiency of the fabrics so 
treated. 

Experimental procedure 

The jute cloth used was a standard 11 x 12, 
40 in. 10 oz./yd. hessian. Tensile strength of 
the cloth was determined by the process 
describ-d earlier1. . 

The copper salts used were of either B.P. 
or A.R. quality. 

The rot-resistance of the treated fabric 
was determined by soil incubation test as 
well as by exposure to the action of selected 
jute-decomposing fungi1. 

In the soil incubation test, fertile garden 
soil, cow-dung manure and sand were mixed 
in the proportion of 2: 1 : 1, the mixture 

passed through a 5-6 mesh sieve and the 
moisture content adjusted to 25-27 per cent. 
Test strips were incubated at  30" in conical 
beakers in contact with the prepared soil 
in accordance with the procedure previously 
reported5. The results have been expressed 
in terms of the extension of life, which 
is the ratio between the useful life of 
treated and untreated strips as determined 
by the number of days after which these 
can be torn asunder by hand-pulling; this 
stage was reached in the case of untreated 
strips in 7-8 days. The untreated control 
strips were tested evey day until broken, and 
the treated samples after multiples of the 
control ' life ' period. Strips were used in 
duplicate, the variation usually not exceed- 
ing one day in the control strips, and one 
control ' life ' period in the treated strips. 

The multiple culture technique5 for testing 
the rot-resistance of jute materials against 
fungal damage was also used. 

The strips were incubated at  30" for 21 
days after inoculation with spores of five 
specially selected jute-decomposing fungi 
according to the procedure described ear- 
lier6. The fungi were: Chaetomium indicum 
Corda, Curvularia lunata (Wakkar) Boedijn, 
Aspergillus fumigatus Fresenius, Penicil- 
lium vubvum Stoll and Penicillium zetovtmarzlzi 
Klocker. 

Six strips were used for each sample 
to determine the percentage retention of 
strength. 

In the proofing treatment, jute fabric was 
boiled with a solution of cupric sulphate or 
cupric acetate (the solution was acidified with 
acetic acid to avoid precipitation of copper), 
when appreciable amounts of metallic copper 
were found to be retained by the fabric even 
after three washings with excess of distilled 
water. As expected, the fabrics so treated 
also offered a considerable degree of resistance 
against microbiological attack (Table 1). On 
the other hand, only traces of copper were 
found to be retained when a piece of cotton 
jean was similarly boiled with solutions of the 
two copper salts. Jute retained appreciable 
amounts of copper even when treated at  room 
temperature with solutions of these copper 
salts. The retention of a high percentage 
of copper even after leaching treatments 
(Table 2) indicates that copper may have 
chemically reacted with the constituents of 
jute fibre. The samples were treated with 
fairly concentrated solutions of copper salts 
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TABLE 1 - ROT-RESISTANCE OF JUTE FABRICS TREATED IN SOLUBLE COPPER BATHS 

(Fabric-liquor ratio = 1 : 10) 

COPPER MEAN MULTIPLE CULTURE : SOIL INCUBATION 
CONTENT INITIAL TENSILE STRENGTH ----A- 

% TENSILE RETAINED Life Extens~on of 
STRENGTH - days life (expressed 

lb. 16. as times the 
untreated 
control) 

Untreated (control) - 71.8f3.1 10.0f 1 . 0  23.1 7 1 
( A ) B o i l e d f o r B m i n . w i t h B ~ ~ s o l n .  .0 .474  67 .3f3 .2  51 .0f5 .2  76.6 120 18  

of copper slllphate, followed by 
washing thrice with excess distilled 
water 

(B) Boiled for 5 min. with 4% soln. 1.225 68 .5h3.1  G2.5f 4.0 01.2 >210 >30 
of copper acetate mixed with 0.3 ml. 
glacial acetic acid/100 ml., follow- 
ed hy washing thrice with excess 
distilled water 

TABLE 2 - LEACH-RESISTANCE OF JUTE FABRICS 
TREATED IN SOLUBLE COPPER BATHS 

- - 

M L N T  COPPER -----7 
CONTENT La LS L, 

% Yo % % 

L,: leached twice with fresh distilled water (pH 0:2) ,in a 
rotary shaker (10 r.p.m.), each time for ) hr., ustng a fabnc-llquor 
ratio of 1: 50; L,: as in L,, but leached 0 times; and L,: as in L,, 
but leached 12 times, the fabric being dried in air after the sixth 
leaching. 

in order to bring the copper contents of the 
fabrics within the limits required for reason- 
able protection. 

Discussion 

The binding of copper with jute appears 
to be due to its chemical combination with 
the fibre material. About 70 per cent of the 
ash of jute is cationic (Ca, Mg, Fe, etc.) and 
these cations appear to be in combination 
with carboxyl groups which mostly belong 
to tiie polyuronic acid#. About one-eighth 
of these carboxyl groups appears to be free, 
three-eighths combined with the cations and 
one-half esterified with lignin7. I t  is prob- 
able that copper reacts with free and bound 
carboxyl groups by replacing hydrogen and 
other cations, as shown by Chatterjees with 
silver. The phenolic hydroxyl groups of 
tannins and lignin also bind copper3. Such 

chemically bound copper may manifest 
toxicity against rotting organisms through 
the same mechanism as that of the insoluble 
copper compounds which are deposited on 
textile materials by the usual proofing treat- 
ments. Various factors are believed to be 
involved, such as slight solubility of the toxic 
element in water and in the secretions of 
micro-organismss. 

I t  is apparent that the binding of copper is 
more a property of the associated non-cellu- 
losic materials than of the cellulose in 
vegetable fibres. This is in line with the 
observations of Mclean and Wooten4 and 
would explain the very low uptake of copper 
by cotton under such conditions. The indi- 
cations are, therefore, that the non-cellu- 
losic constituents of jute and similar ' im- 
pure ' fibres may be utilized to some ad- 
vantage in the rot-proofing of such fibres. ' 
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Tamarind Seed Jellose: A New 
Class of Neutral Polysaccharides' 
P. S. RAO 

Chemistry of Forest Products Branch, Forest Research Institute, 
Dehra Dun 

(Manuscript received 28 November 1956) 

T h e  position of tamarind seed jellose starch in animals; it is also found in certain 
amongst  carbohydrates vis-A-vis the  other  lower plants3. 
neutral polysaccharides has  been discussed. In between cellulose and starch a large 

number of compounds having intermediate 

N EUTRAL polysaccharides occur widely properties and functions occur. All these are 
in plants. They are found in the cell grouped together under the general name 
wall, the incrustations around it and of hemicelluloses. They occur as cell-wall 

also within the cell. They serve either as constituents and their incrustations and 
skeletal substances or as reserve food. Most also within the cell. Some of them such as 
of them are constituted from the common xylan and lichenin are cell-wall constituents 
monosaccharides, namely D-glucose, D-galac- like cdlulose but none of them approaches 
tose, D-fructose, D-mannose, D-xylose and cellulose in its insolubility and resistance to 
L-arabinose. In some cases, L-rhamnose and hydrolysis. On the other hand, substances 
rare sugars are also encountered. Most of such as inulin (in tubers of Compositae, such 
the neutral polysaccharides are formed from as dahlias), galactoaraban (in peanuts) and 
a single monosaccharide unit and a few konjakmannan (in tubers of Conophallus 
from two or more units. These differ not konjaku) are, like starch, reserve carbo- 
only as regards the constituent sugar units, hydrates1. Related to inulin are sinistrin, 
the nature of the ring (pyranose or furanose), graminin, asparagosin, levan, phlein, poain 
and the nature (a or p) and position of the and secalinl. 
linkages but also as regards their chain length In spite of their importance and even after 
and micellar structure. over 50 years of work since Schulze4, there 

The neutral polysaccharides are not a still remains some confusion regarding the 
homogeneous group. They include cellulose, exact nature of hemicelluloses. Hemicellu- 
starch and many other intermediate com- loses have been defined by Normans as " those 
pounds. Cellulose is composed of a mixture cell-wall polysaccharides which may be ex- 
of homologous polymers1, its composition tracted from plant tissues by treatment with 
differing with the source. Wood celluloses dilute alkalis, either cold or hot, but not 
often contain mannans and xylans and it is with water and which may be hydrolysed to 
not known whether they contain any frac- the constituent sugar and sugar acid units by 
tion which is chemically identical with cotton boiling with hot dilute mineral acids ". But 
cellulose containing only glucose units2. even this definition does not appear to be 

Starch is a mixture of the two closely satisfactoryashemicellulosesoccurnotmerely 
related carb~hydrates amylose and amylo- as cell-wall constituents but are found within 
pectin. Glycogen is the counterpart of the  ell^-^ also. Further, some of the hemi- 

*Paper presented a t  the Anderson Memorial symposium held in Tucson, U.S.A., on 28 and 29 
September 1956 under the auspices of the University of Arizona, Tucson and the Southern Arizona 
Section of the American Chemical Society. ' After the presentation of the above article a paper by 
G. R. Savur has appearcd in a recent issue of J. chem. Soc. (1956, p. 2600). wherein the author 
has stated that there are more than one jel-forming substances in tamarind kernel powder and has 
suggested that the material examined by White and Rao was a mixture. Apart from their validity. 
which is doubtful [Rao, P. S., Pvoc. Indian Acad. Sci., 42A (1955), 1991, the observations of Savur do 
not in any way affect the sense of the present article, since even according to Savur the jellying 
principles are only neutral polysaccharides. 
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celluloses are soluble in water, and if present 
in the free condition in the tissues, they 
are capable of being extracted even with 
watere~o-14. The extractability by sodium 
hydroxide need not, therefore, be a criterion 
for the definition of hemicelluloses, parti- 
cularly when some of them are known to offer 
considerable resistance to extraction by dilute 
alkali, as for example mannan B of ivory 
nut'=. Solubility in water or sodium hy- 
droxide is a factor that seems to depend on 
the chain length of the m o l e c ~ l e ~ . ~ ~  and even 
cellulose in the degraded form is soluble 
in sodium hydroxide. Consequently, for 
evolving a suitable definition for hemi- 
celluloses, their other properties such as 
chemical nature, solubility or dispersibility 
in water, lack of mucilaginousness and ease 
of hydrolysis with dilute acids have to be 
considered. The first two properties are 
common to an allied group of naturally 
occurring polysaccharides, namely mucilages, 
but not the other two properties. Hemi- 
celluloses may, therefore, be conceived as a 
group of naturally occurring polysaccharides 
whose solutions are not mucilaginous and 
which are completely and readily hydrolysed 
by boiling dilute mineral acids1'. Some of 
them contain a uronic acid grouping and are 
acidic in nature while others being pento- 
sans, hexosans and pento- or hexohexosans 
are neutral. The chief sugars constituting 
these are D - x ~ ~ o s ~ ,  D-glucose, D-mannose, 
D - ~ ~ U C ~ O S ~  and (to a smaller extent) L-ara- 
binose, D-galactose and L-rhamnose2. 

Closely allied to hemicelluloses are muci- 
lages which also occur in the membrane in- 
crustations and also within the cell. Their 
main function in plants is to serve either as 
food reserve or as a water reservoir. As 
opposed to hemicelluloses, plant mucilages 
form slimy solutions with water and resist 
easy hydrolysis. They may be defined as 
polysaccharide substances occurring in plant 
tissues, which form slimy solutions with water 
or merely swell up to form gels and which 
do not undergo complete hydrolysis with 
dilute mineral acids easily and readilyls. 
Like hemicelluloses, some of them are derived 
from complex uronic acids, while others are 
neutral polysaccharides. The latter have 
been reviewed recently by Jones and Smithln 
and HirstZ0. Anderson examined the endo- 
sperm mucilages of 163 species of legumes21. 
The neutral mucilages are either hexosans or 
pento- or hexohexosans; simple pentosans, 

unlike in hemicelluloses, do not seem to 
occur in this group. Even in the pento- 
hexosans, xylose, which is so predominantly 
found in hemicelluloses, is not present in 
the neutral mucilages, the main constituent 
sugars being D-mannose, D-galactose and 
L-arabinose. The occurrence of glucose is 
rather uncommon. 

I t  may be worth while to note that, though 
constituted from the same monosaccharide 
units, one substance falls under the mucilage 
group while another belongs to the hemi- 
celluloses with different properties. Very 
Likely the differences arise from constitutional 
factors. 

Tamarind seed jellose present in the seed 
kernels of Tamarindus indica Linn. offers a 
problem regarding its classification. I t  is 
the primary neutral polysaccharide occurring 
in the tamarind seed kernelsz2 (although two 
others have also been claimed to be pre- 
~ent.239~~) and is composed of D-galactose, 
D-xylose and D-glucose present in the mole- 
cular ratio of 1: 2: 3. I t  easily gelatinizes 
even in cold water, forming a thick, viscous, 
mucilaginous solution; with excess of iodine 
its aqueous solutions are coloured greenish 
blue and on dilution with water the colour 
disappears. A microscopic examination of 
an iodine-treated section of the seed kernel 
shows that tamarind seed jellose is present 
only in the cell-wall incrustation and not 
within the cell25. A characteristic property of 
the substance is its ability to form jellies, like 
fruit pectins, with sugar concentrates under 
diverse conditions of pH, including neutral 
mediumz6. Thus, it is superior to fruit 
pectins, which can form jellies only in acid 
medium. On the basis of its origin and also 
its ability to form mucilaginous solutions 
with water, the polysaccharide should nor- 
mally be considered as a member of the 
mucilage group5Jg; in fact it was taken to 
be a mucilage by some workersz7. This 
classification, however, does not seem to be 
quite satisfactory, for no neutral mucilage is 
known to form sugar jellies. Furthermore, 
the molecule contains a large proportion of 
glucose and xylose residues, whereas most of 
the neutral mucilages so far studied appear 
to be constituted largely of sugar units other 
than glucose and none of them is known to 
contain xylose. The property of forming 
jellies with sugar concentrates under diverse 
conditions of pH is a characteristic of 
tamarind seed jellose and is not possessed by 
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any other class of neutral polysaccharides 
described earlier. The name ' Jellose ' has 
thus been suggested for this polysaccharide 
as being descriptive of both the jelly-forming 
property and its carbohydrate characterzR. 
Jellose, like mucilages and hemicelluloscs, 
may form a new group amongst the carbo- 
hydrates, though a t  present represented by 
only one member. 

On account of its availability in abundance 
and its cheapness, tamarind seed jellcse has 
a great potentiality of replacing fruit pectins 
in jam, jelly and marmalade industriesz9. 
From a study of the products of hydrolysis 
of the methylated polysaccharide, the follow- 
ing structure for the repeating unit of the 
jellose molecule has been suggested30: 

G = glucose, GA =galactose X = xylose 
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Letters  to the  Edi tor  

PROTEIN HYDROLYSATE FROM FISH "I 

hsh so that the latter was subjvected to 
pressure. The liquid collecting at the bot- 
tom of the barrel was tapped at monthly 
intervals and examined for total, formol and 
volatile nitrogen contents; the chloride con- 
tent and acidity of the samples and their 
bacterial count were also determined. 

The total, formol and volatile nitrogen 
contents of the product increased progressive- 
ly during the five-month period (Fig. 1). At 
the end of five months the volatile nitrogen 
content of the liquid was nearly one-third of 
the fo~mol nitrogen; a further increase in the 

EDIBLE FERMENTED FISHERY PRODUCTS, 
particularly liquid preparations, are prac- 20- 

tically unknown in India. Such prepara- 2 
tions are very popular in the South-east A 

Asian countries, and products of a more or a "- 5 less similar nature are also used in some g 
Western countries. The maggi sauce used $ ,,, 
in some European countries is analogous in 
its preparation and properties to the nam- 
pla of Thailand, patis of the Philippines and 5 - 
the nuoc-mum of Indo-China, the only dif- 
ference being that in the European prepara- 

volatile nitrogen relative to the formol 
nitrogen resulted in deterioration of the 
quality of the product. The liquid collected 
was, therefore, drained off a t  the end of five 
months. 

The nitrogen partition data for the product 
and of nam-$la samples (Table 1) show the 
product to be comparable with the highest 
grade of nam-@la. 

The sample obtained at the end of the first 
month gave a bacterial count of about 500 
colonies per ml. and the dominant organisms 
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tion meat instead of fish is used as the raw 
material1. Analysis of some samples of ACIDITY, ML.YJIO N ~ D H  

~zam-pla has shown that it is essentially a FIG. 1 -PARTITION OF NITROGEN AND ACIDITY IN 
protein hydrolysate2. The preparation of a THE EXPERIMENTAL PRODUCT 

similar product on an experimental scale was 
attempted in this laboratory and the results 
are reported here. TABLE 1 -ANALYSES OF N A  M-PLA SAMPLES 

The process employed was as follows: EXPERIMENTAL  am-pla MANUFACTURED IN 
local sardines (mainly Sardinella dayi Regan) PRODUCT THAILAND 

were washed with tap water and 100 lb. were OBTAINED \ 

AT THE END hrade Grade Grade Grade 
mixed with 35 lb. common salt and placed OF FIVE 1 11 111 I V  

MONTHS 

in a specially constructed wooden barrel. 
Another lb. of the washed fish were mixed Tot" nit"~en"'0.04 2 1 4 0  13.50 4.50 1.40 

g./litre - 

with salt in the proportion 2: 1 and placed F ~ ~ ~ ~ n i t m g e n ,  12'04 '.02 0.42 

in the same barrel over the first lot. The Vgq;;;;nitroge.n. 4.08 3.20 2.40 0.72 0.10 

surface of the piled fish was covered with a Acidity, ml. of 10.50 10.10 8.50 7.80 0.80 

thin layer of salt and a wooden cover which ~ ~ ~ ~ c ~ ~ ~ H n ~ ~ :  
just fits in was placed over the fish. After 

;~l;;ft;;l. of three days the fluid collecting a t  the bottom Chloride, as y, 2 ~ 8 0  27.813 27.00 30.00 30.07 

was drained through a tap provided a t  the ,N,z,C,:ial count, 57 32 61 164 52 
bottom of the barrel and returned to the top NO. or colonies 

of the barrel. Heavy stones were then per 

 laced on the wooden cover resting on the 
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present were two Micrococci and one Bacillus 
spp. The count decreased rapidly in subse- 
quent samples and Bacillus alone was found 
in the last sample. 

About 50 lb. of a clear, amber-coloured 
liquid, having no fishy or unpleasant odour, 
were obtained a t  the end of five months. In 
appearance the product was indistinguish- 
able from Thailand nam-$la. I t  kept well a t  
room temperature for several months. 

Further work is being carried out in order 
to explore the possibility of applying this 
procedure for manufacturing fish yuce  on a 
cottage industry scale. 

The author is grateful to the Chief Research 
Officer, Central Marine Fisheries Research 
Station, Mandapam Camp, for permission to 
publish this note. 

N .  K .  VELANKAH 
Central Marine Fisheries 

Research Station 
Mandapam Camp 
12 November 1956 

1. WESTENBERG, J., Proceedings, Indo-Pacific 
Fisheries Council, (1951). 2/14, 1-27. 

2. VELANKAR, N. K., J. sci. industr. Res., 11B 
(1952). 310. 
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