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A newcomer to the
LEITZ FAMILY

LABORLUX III

A laboratory microscope of a most remarkable versatility with all
the peculiarities —sleck design, clean and smooth surfaces, convenient
position of its operating controls and precision workmanship through-
out — meeting all requirements in respect of expediency and efficiency.

Sole Agents

THE SCIENTIFIC INSTRUMENT CO. LID.

CALCUTTA — ALLAHABAD — NEW DELHI — MADRAS — BOMBAY
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COVER PICTURE

India’s first modern oil refinery — the Stanvac refinery —
at Trombay Island ( Bombay) was formally declared open
by the Union Minister for Production on 19 November 1954.
The picture on the cover shows the refinery after it went

into operation.

The JOURNAL OF SCIENTIFIC & INDUSTRIAL RESEARCH is issued monthly.
The Council of Scientific & Industrial Research assumes no responsibility for the statements and

opinions advanced by contyibutors.

The Editorial Board in its work of examining papers veceived for publication is assisted, in an honovayy
capacity, by a large number of distinguished scientists working in various paris of India.

Communications regarding contyibutions for publication in the JOURNAL, books for review, subscriptions
and adveyiisements should be addressed to the Editor, JOURNAL OF SCIENTIFIC & INDUSTRIAL RESEARCH,

Old Miill Road, New Delhi 2.
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SCIENTIFIC
INSTRUMENTS
&
SUPPLIES

HOSPITAL
REQUISITES

LABORATORY EQUIPMENT

METALLURGICAL MICROSCOPES DISTILLED WATER UNITS

PETROLOGICAL MICROSCOPES HOT AIR OVENS

PHOTOMICROGRAPHIC EQUIPMENT pH METERS & COLORIMETERS

ANALYTICAL BALANCES DIAGNOSTIC & SURGICAL

HIGH PRESSURE STEAM STERILIZERS INSTRUMENTS
SUPPLIES

LABORATORY GLASSWARES FILTER PAPERS

PORCELAIN WARES EXTRACTION THIMBLES

SILICA WARES CHEMICALS, STAINS & REAGENTS

MODERN TRADERS

HOSPITAL & LABORATORY FURNISHERS
DWARKADAS MANSIONS
457 SARDAR VALLABHBHAI PATEL ROAD
BOMBAY 4
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PYREX

REGD. TRADE MARK BRAND
Laboratory and Scientific Glassware

A boro-silicate glass of low alkali content, * PYREX ’ Brand Glassware resists attack
from all ordinary reagents. Its low coefficient of expansion enables ‘ PYREX * Brand
apparatus to be made with thicker, stronger walls, thus reducing risk of breakage
while retaining a very high resistance to the effects of sudden temperature changes.

A simple but very effective system ensures accurate calibration of ‘ PYREX ‘ Brand
Graduated Glassware to NPL, Class A or Class B, Standard required.

The foregoing properties offer very sound reasons for using * PYREX ' Laboratory
and Scientific Glassware, on grounds both of efficiency and economy.

‘ PYREX ' BRAND
PRECISION BORE
GLASS TUBING

Made by a continuous stretching pro-
cess which ensures highly accurate in-
side dimensions, ‘ PYREX " Precision
Bore Glass Tubing is exceptionally
suitable for hypodermic syringe bar-
rels, pump cylinders, etc. Normally
supplied with a bore tolerance of plus
or minus 0.05 mm., but for special
needs can be supplied to plus or
minus 0.02 mm.

JAMES A. JOBLING & CO. LTD.

WEAR GLASS WORKS, SUNDERLAND, ENGLAND

Sole Agents in India

GORDHANDAS DESAI & CO.

PHEROZSHAH MEHTA ROAD, BOMBAY |

58B CHOWRINGHEE ROAD 22 LINGHI CHETTY STREET
CALCUTTA 16 MADRAS |
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Bengal Chemical & Pharmaceutical Works Ltd.

Manufacturers of

Office

Factories

~The Largest Chemical Works in Indig oo

Pharmaceutical Drugs, Indigenous Medicines, Perfumery, Toilet
and Medicinal Soaps, Surgical Dressings, Sera and Vaccines,
Disinfectants, Tar Products, Road Dressing Materials, etc.

Ether, Chloroform, Mineral Acids, Ammonia, Alum, Ferro-Alum,
Aluminium Sulphate, Sulphate of Magnesium, Ferri Sulph,,
Potassium Permanganate, Caffeine and various other Pharma-
ceutical and Research Chemicals,

Surgical Sterilizers, Oxygen Apparatus, Distilled Water Stills,
Operation Tables, Instrument Cabinets and other Hospital
Accessories.

Chemical Balance, Scientific Apparatus for Laboratories and
Schools and Colleges, Gas and Water Cocks for Laboratory use,
Gas Plants, Laboratory Furniture and Fittings.

Fire Extinguishers, Printing Inks, etc.

94 CHITTARANJAN AVENUE, CALCUTTA

CALCUTTA - BOMBAY - KANPUR

The mark
MARK for all

‘GS’ PETROL GAS PLANTS

tings and apparatus, viz.:

STOCKISTS

MICROSCOPES

RESEARCH,MEDICAL,
METALLURGICAL,
PETROLOGICAL,

stands as HALL
laboratory fit-

Apply for new catalogue

GANSONS LTD.

GAS PLANTS
I] SN BINOCULAR,
| t TAPE DISSECTION,
...,.;.|‘ | HOT PLATES STUDENT TYPES &
i o | seceone
i ; - SHAKERS
; STILLS Prices from
ETC., ETC. Rs. 300 to 1550
reputed for also
quality, durability Repairs a
and prices Speciality

Office — DADAR
P.O. B. 5576, BOMBAY 14
Works — LALBAUG
BOMBAY 12

Ab
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“‘ASCO’ HOT-AIR DRYING OVENS

These improved models are of modern design and strong cons-
truction. They are in great demand in educational institutions, and
industrial and clinical laboratories and are now standardized for

strength, durability, compactness and efficiency.

A.S. 1930 NEW PRECISION HOT-AIR
DRYING OVEN

Electrically operated and controlled

The cylindrical form of the oven greatly facili-
tates uniformity of temperature which is of
extreme importance for superior oven opera-
tion. It is made of aluminium sheet with sheet
iron outer jacket finished in attractive crackle
enamel. It is fitted with three perforated slid-
ing shelves and a door well-machined to fit the
X chamber perfectly. The heating elements are
A.S. 1930 of replaceable type.

Ovens as described above are complete with connecting cord and plug and are
useful for working at any temperature up to 150°C. Size: 14" x 10",

ASCO’s manufactures are of the most comprehensive range

For all your scientific requirements please write to us

THE ANDHRA SCIENTIFIC CO. LTD.

Head Office & Works :
MASULIPATAM (S. INDIA)

Branches at:

4 Blacker’s Road Asian Building, Nicol Road
Mount Road Ballard Estate
MADRAS BOMBAY

Representatives at :

NEW DELHI — CALCUTTA — HYDERABAD ( Dn.) — VIZAGAPATAM — CUTTACK — BANGALORE
TRIVANDRUM

).S.I.R.— DECEMBER 1954
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TEDDINGTON CHEMICAL FACTORY LTD.

(Biological & Pharmaceutical Laboratories)
SUREN ROAD, ANDHERI, BOMBAY.

Sole Distributors :

W. T SUREN & CO. LTD., P. O. Box 229, BOMBAY 1.
Branches : CALCUTTA: P.O. Box 672. MADRAS: P.O. Box 1286. wr.s¢ss

€ERO

STANDARD TRIANGULAR BEAM

ANALYTICAL BALANCE

No. K 9

Springless  circular
arrestment with spe-
A cial ratio adjust-
ment device are
new features of this

balance
SENSITIVENESS . . . . . . 1/10 mg.
CAPACITY . . . . . . . . 200 gm.

Catalogue on request PRICE Rs. 375/-
MANUFACTURED BY

Keroy Ltd.

BANARAS CANTT. CALCUTTA

T

——

<

836w

MANUFACTURERS OF

MACHINE MADE AND
HAND MADE
NEUTRAL GLASS, AMPOULES,
VIALS, TEST-TUBES
®
For further particulars, write to:

BOMBAY SCIENTIFIC
GLASS WORKS

ARAB HOUSE, KHETWAD! 13TH LANE
BOMBAY 4
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T. B. FORD LTD., LONDON

Specialists n
ALL TYPES OF FILTRATION MEDIA
including filter papers for all purposes, asbestos filter sheets
(Sterimats), filter pulps, etc.
*
FORD FILTER PAPERS

include nearly fifty different grades for laboratory purposes and
industrial use

Write for sample book to
Accredited Agents

MARTIN & HARRIS Ltd.

(SCIENTIFIC DEPARTMENT )
SAVOY CHAMBERS, WALLACE STREET, BOMBAY 1

HARLECO

REAGENT SPECIALITIES

For Microscopic Technic: Dry Biological Stains, Staining
Solutions, Parstains, Histologi-
cal Reagents.

For pH-Chemical Control: pH Indicators, Completely Water
. Soluble, Buffers, Volumetric Stan-
dards, etc.

HARLECO is the registered trade mark of HARTMAN-LEDDON Co. Inc.,
Philadelphia, U.S.A. It denotes an integrity of purpose, the intangible element
of value inherent in each of the Company’s products.

Accredited Agents

MARTIN & HARRIS Ltd.

(SCIENTIFIC DEPARTMENT )
SAVOY CHAMBERS, WALLACE STREET, BOMBAY 1

J.S.LR. — DECEMBER 1954
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‘KREMP’ DOCTOR’S MICROSCOPE WA 119

( WETZLAR — GERMAN )

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

STAND inclinable by 90° standard draw tube ( extension )
of 37 mm. dia. Graduated and coarse focussing screw
on both sides with graduated drum.

FIXED square object stage 110 x 110 mm. Sub-stage — Two
lens condensor of n.a. 1.40 iris diaphragm and filter
ring, movable in a springed sleeve.

PLANE concave mirror movable to all sides.

Optical Equipment
Nosepiece for 3 objectives:

Achromatic objective No. 3 ( 10.3x )
Achromatic objective No. 6L ( 44x )
Achrom. oil immersion objective 1/12 ( 105x )
Huygen’s eyepieces: 6x, 10x, 15x
Six different magnifications from 61.8 to 1500x

Complete as described above in alder-wood
cabinet with lock and key .« Rs. 750/- each

Complete with mechanical stage .« Rs. 900/- each

UNIQUE TRADING CORPN.

51.53 BABU GANU ROAD, BOMBAY 2
Grams : UNILAB Phone : 26983

KREMP WETZ AR

E.S.\W. BALANCES

Superior to foreign or other Indian make balances for accurate and delicate work
used all over India and abroad

INSIST ON YOUR DEALERS FOR

E.S.W. CATALOGUES E.S.W. REPAIR SERVICES
E.S.W. DEMONSTRATIONS

THE EASTERN SCIENTIFIC WORKS

SALKIA, HOWRAH

J.S.| R — DECEMBER 1954
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RESEARC
‘CIPLA’

INDIAS NATIONAL PHARMAGEUTICAL CONGERN

Chemical Industrial & Pharmaceutical Laboratories, Ltd., briefly
known as CIPLA is one of the foremost Pharmaceutical
Manufacturing Concerns of India. Constant research, analytical
control and strict supervision by highly qualified staff has
enabled Cipla to manufacture drugs and medicines of highest
quality and standard.

Every Product made by ‘CIPLA’ has the Seal of Quality.
EQUALTO THE WORLD’S BEST.

Chemical, Industrial & Pharmaceutical Laboratories, Ltd.,

B OMBAY-8.
e i T
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1944 Completing 10 Years of Scientific Service 1954

ASHA

expresses its gratitude to their numerous customers throughout the
Indian Union for the very generous co-operation and assistance they
extended. ASHA is particularly indebted to them, whose en-
couragement and assistance made this PROGRESS so much easier.

EVERY TYPE OF LABORATORY EQUIPMENT FOR INDUSTRIES,
HOSPITALS & UNIVERSITIES AVAILABLE FROM STOCK

AUTHORIZED DEALERS OF

PYREX BRAND LABORATORY & SCIENTIFIC GLASSWARE
(MADE IN ENGLAND)

ASHA SCIENTIFIC COMPANY

LOTLIKAR MANSION, 503 GIRGAUM ROAD, BOMBAY 2
Telegram : * ASHACOM ’, Bombay

NEW PRICE LIST ON REQUEST

FACTORY
B O R O S I L CERTIFIED
GRADUATED
LABORATORY GLASSWARE GLASS
APPARATUS
such as
MADE BY

FLASKS, BEAKERS, CONDENSERS, MEASURING

FLASKS, MEASURING CYLINDERS, PIPETTES &

ANY SPECIAL APPARATUS MADE TO DESIGN
and

PENICILLIN VIALS, VACCINE BULBS—WHITE &
AMBER

ALL OTHER APPARATUS & EQUIPMENT
MANUFACTURED TO CLIENT'S DESIGN

INDUSTRIAL & ENGINEERING

Sole Distributors

APPARATUS CO. LTD. GHARPURE & CO.
o vt || manos pxeraver mace e

).S.I.R.— DECEMBER 1954
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PHILIPS
LAMPS & LIGHTING EQUIPMENT @ RADIO & TELEVISION RECEIVERS,

VIBRATION
MEASUREMENT

his Artist is quite impossible! As if Vibration

Measurements could mean other than the electronic
measurement of vibrations in foundations, construc-
tions, machinery etc., of even yx3swth of an inch. Just
one further example of ‘Philips’ great contribution
towards Scientific Research.

And in Industry, the Home, the Medical Profes-
sion, in the Transport Services and the Shops, Philips
contribution towards better modern living is every-
where evident.

PHILIPS

ELECTRICAL CO. (INDIA) LTD.
“PHILIPS HOUSE", JUSTICE CHANDRA MADHAB ROAD, CALCUTTA 20,

BOMBAY ¢ DELHI ® MADRAS * LUCKNOW ® KANPUR ¢ PATNA

WELDING PLANT & ELECTRODES + HIG:1-FREQUENCY HEATING GENERATORS ¢ ELECTRO-MEDICAL APPARATUS « TUNGSTEN, FLUORESCENT, BLENDED X DISCHARGE
SOd¥Nd 1TV YO4 INIWIINOI AVYX o SINIWAULISNI ONIYASYIN JINOULITII o S13S ONILHOIT OWVYNAQ I1DAD « SYIAVHS A¥A I1¥11313 IJAVHSIUHL.

‘PIHOTOFLUX' FLASHBULBS + BATTERY CHARGERS AND RECTIFIERS « MAGNETIC FILTERS * a

J.S..R.— DECEMBER 1954
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p.D.H. man

LN ACIDS

ufacture in normal regular production as

BDH Amino Acids are now

a result of development work
carried out in the B.D.H.

adequate quantities for laboratory use and
enquiries for larger amounts are invited.

THE BRITISH DRUG HOUSES LTD.

B.D.H. LABORATORY CHEMICALS GROUP

Lists and further information
may be obtained from

BRITISH DRUG HOUSES (INDIA) LTD.

Branches at: CALCUTTA - DELHI - MADRAS

Laboratories since 1945. They are available in

POOLE ENGLAND

or from the distributors in India

P.O. BOX 1341 BOMBAY 1

AA/Ind/513

Gram : ALLIANCE Phone : 34-5167

SCIENTIFIC & SURGICAL
EQUIPMENTS LTD.

112 CHITTARANJAN AVENVUE
CALCUTTA 7

Solicit Enquiries & Orders for:

SCIENTIFIC & SURGICAL APPARATUS,
INSTRUMENTS, CHEMICALS, REAGENTS,
STAINS, ACIDS & HYGIENIC RUBBER
GOODS, ETC., REQUIRED BY THE
LABORATORIES, SCHOOLS,
COLLEGES, INDUSTRIAL
FIRMS, HOSPITALS &
DOCTORS

Accurate Wire Screen is required to solve your
Screening, Grading or Filtering operation.

DIRECT IMPORTERS OF WOVEN WIRE MESH
AND PERFORATED METALS

STANDARD METAL CO.

Props.: B. C. GUIN & CO. LTD.
101 NETAJI SUBHAS ROAD
CALCUTTA |

Al4
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Progress m control

SUNVIC D.C. AMPLIFIER

in use in a Research Laboratory

An example showing how the Research Departments of leading manufacturers every-
where rely on Sunvic Instruments for accuracy in their work.

Specialities of SUNVIC CONTROLS LTD., LONDON, include
ADJUSTABLE BIMETAL THERMOSTATS
HOTWIRE VACUUM SWITCHES & RELAYS
ENERGY REGULATORS, ELECTRONIC RELAYS, 1TC.

Accredited Agents

MARTIN & HARRIS Ltd.

( SCIENTIFIC DEPARTMENT)
SAVOY CHAMBERS, WALLACE STREET, BOMBAY 1

J.S.I.R.— DECEMBER 1954
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SELECT POPULAR BOOKS
HISTORY, CULTURE & SOCIOLOGY

AMONG THE GONDS OF ADILABAD PRESERVATION OF LEARNED

By Setumadhava Rao Pagdi (1953) 6 8 TRADITION IN INDIA
INDIAN SADHUS By Kumud G. Ghurye (1950) ... 1 8
HINDU SOCIAL ORGANIZATION By B. G. Gokhale (1948) .. 13 8

By Pandhari-Nath Prabhu (1954) 20 0

HINDU KINSHIP

SOCIAL AND RELIGIOUS LIFE IN By K. M. Kapadia (1947) . 15 0
THE GRIHYA SUTRAS

By V. M. Apte (1954) ... 15 0 STUDENTS AND SOCIAL WORK

( For students by students of the

Al';’;,) %?:Elg gHgglggEeg,o(‘ﬁiﬁg B Tata Institute of Social Sciences)

trated by Mrs. A. B. Schwarz) (1948) oo 112

(1954) . 15 0 THE MIRACULOUS AND MYSTE-
INDIAN COSTUME RIOUS IN VEDIC LITERATURE

By G. S. Ghurye (1951) ... 52 8 By B. A. Parab (1952) e 612
CASTE AND CLASS IN INDIA FOLK-DANCE OF MAHARASHTRA

By G. S. Ghurye (1950) .. 15 0 By A. J. Agarkar (1950) .. 100

and leading stockists of TECHNICAL BOOKS
THE POPULAR BOOK DEPOT

LAMINGTON ROAD, BOMBAY 7

For
Scientific — Medical — Industrial
LABORATORY EQUIPMENT

Beck Kassel Microscopes and Binoculars
* Nedoptifa ’ Phase-Contrast Microscopes
Memmert Ovens and Incubators
Paul Keiner Laboratory Glassware
Metrohm pH Meters and Stirrers
Bosch Balances, Rotofix Centrifuges
Laboratory Stirrers and Shaking Apparatus
Intra Hot-Air Sterilizers, etc., etc.

CONTACT:

J. T. JAGTIANI

National House, 6 Tulloch Road, Apollo Bunder,
BOMBAY |

Post Box 332 Grams: FACMARE Phone: 35229

).S..R.— DECEMBER 1954
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WILD HEERBRUGG

The microscope which has proved its

BETTER
Microphotos

WILD

MICROSCOPE Miobk with
WILD attachable CAMERA
and Low Voltage Lamp

WILD

J.S..R.— DECEMBER 1954

excellent high qualities!

* Sturdy Excursion Microscopes
* Students & Routine Microscopes
* Medical Microscopes

* Research Microscopes

* Microphotographic
Equipment

* Micrometers:
Stage & Eyepiece

* Microscope Lamps

* Phase Contrast Equipment

SOLE AGENTS :

RAJ-DER-KAR & Co.

COMMISSARIAT BUILDING
HORNBY ROAD, FORT
BOMBAY

Telephone : 27304 Telegram : TECHLAB

Al17



TEMPO

( DOUBLE-WALLED )
HOT AIR OVEN

with thermostatic control of temperature
up to 250°C.

Available in various sizes

OTHER
LABORATORY HEATING DEVICES
Water Baths, Oil Baths, Sand Baths, Air
lf.aths, Ovens, Water Stills, Steam Distilla-
pon Boilers, Hot Air Blowers, Spare Heat-
ing Elements, Petrol Gas Plants, Gas Rings
and Burners

INFRA-RED LAMPS FOR
MOISTURE DETERMINATION

Consult :

TEMPO INDUSTRIAL CORPORATION

1ST FLOOR, DEVKARAN MANSION, PRINCESS STREET

Aﬂm& BOXES

UP TO 4 DIALS

SELF-CLEANING CONTACTS
MINALPHA COILS
ACCURACY 01 PER CENT

Leaflet from :

THE STANDARD SCIENTIFIC
INSTRUMENTS  Co.

115 BRODIES ROAD, MADRAS 28

BOMBAY 2
MANSFIELD’S
OIL GAS PLANT
GAS SUPPLY
WATER SUPPLY
| LABORATORY & OTHER
FURNITURE
®
R E S l S T A N C E Scientific Instruments and Apparatus
Gas & Water Taps, Sinks

Burners, etc.

Sole Distributors
Aerogen Petrol Gas Generators
Albion Flush Doors & Plywood

Dalmiya Corrugated Sheets

MANSFIELD OIL GAS CO. LTD.
Engineers & Contractors

16 Radhanath Chowdhury Road
CALCUTTA I5

Gram : (24-4513

GASIFY Phone < 24-2382

CALCUTTA i 24-2383

Al8
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ELECTRICAL INSTALLATIONS
AND ERECTION

The G. E. C. undertakes complete Electrical

Installations for Town Lighting Schemes, Power
Houses, Industrial, Commercial and Domestic
consumers, utilising first class material manufac-
tured in its own and Associated Works.

The G. E. C. assists with technical advice in the
layout of Electrically Driven Machinery and the
most modern methods of

illuminating Docks, Airports,
Roads, Railway Yards, Public
Buildings, Offices, Factories
and Mills.

All supervision
is by
qualified
engineers

THE GENERAL ELECTRIC COMPANY
OF INDIA LIMITED
Magnet House, Chittaranjan Avenue, Calcutta 13
Branches at :
Bombay Madras Kanpu:r Delhi Bangalore
Coimbatore  Secinderabad

Reprasenting : THE GENERAt ELECIRIC CO LID. OF ENGLAND
GEC 114 ‘

J.S.L.LR.— DECEMBER 1954
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ENGINEERING APPARATUS

for
Mechanics, Hydraulics, Soil, Building & Electricity

No,080-5/544

From
The Officer on Special Duty
Punjab Engineering College,
Chendigarh

SCALE MODELS o Messrs Hargolal & Sons

Hargolal Buildings, Aubela Cantt,
Dated, Chandigarh,the 1st July 1983,

F 0 R Subjects- Controller of Stores Supply orders Wo,3277
dated 1-10-52 and 1428 dated 7-2-1R53,

UM Dear §irs,
COLLEGE MUSE following equipment suprlied by you has finally

The
been checked and the defects enumerated against each have been
found for which immediate steps may kindly be taken to Temove,
80 that the dalance payment may be arranged.

including 1. Triangle & Polygon of Forces
: coToto vith a side 4 pulleys
eac! Sattisfactory
2 Jolned Koof Trn-g 3  No provision has been

;ude in th; 1nserul:=t
'or measuring comprehch.
BRIDGES sive forces,which should
have been done by pro-
viding tube balences
which may kindly be Jm

now,
o 3. Jib Crene 1 Satisfactory.
4, Young's Modulous 1 Satisfactory,
(éxtension of wire)
STEAM ENGINES 6.  Torsion in a Sheft Vertical 1 Satisfactory.
AND PARTS :. :orn and Worm Wheel 1 Satisfactory.
! ifferential Wheel and Axel h Setisfzctory,
8.  Sheaves Pulley Block 1 Sstisfactory,
9. Ribbon Atvood Machine 1 The Apparatus 1s not¢ asnu

) factured sccording to
Cussons' design, The
pulley is not supported
on bearings,but pivoted
on simple screws,

TURBINES The weights should have
been provided with 2 slof
AUTOMOBILE be rectisieal Nt ou
cKon:n:r:y goard 1 Satisfectory,
entrifugal Force-Appersatus 1 - Satisfactory,
Demonstration §lide Rulo 1 lan:hctor;

) Yours faithtully,
Officer on special daty,
Punjab Engineering Conop,Cha:ﬁF

PLEASE SEND YOUR ENQUIRIES TO

HARGOLAL & SONS

THE SCIENCE APPARATUS WORKSHOP
H.O.: AMBALA CANTT. Gram : HARGOLAL

Phone: I73
Branches: MADRAS, DEHRA DUN, LUCKNOW

).S..R.— DECEMBER 1954
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Baséic Chemicals (7 //27//l 47&4,/177

5

DIA

Ly

basic Chemicals are manufactured
by DCM Chemicals, leaders in the growth of the
Keavy chemicals industry in India.

~

// <
D/MMOND_

mark  signifies  quality - specify
Diamond Brand for your requirements - these are

pretested and standardised.

For Industrial Needs

CAUSTIC SODA o SULPHURIC ACID
NITRIC ACID o HYDROCHLORIC ACID
CHLORINE o FERRIC CHLORIDE

For Agriculture

COMPLETE CROP FERTILISERS
SUPER PHOSPHATES

For Water Purification
——

)\ CHLORINE o FERRIC CHLORIDE o ALUMS
ALUMINIUM SULPHATE @ ALUMINA FERRIC

THE D.C.M. CHEMICAL WORKS

POST BOX I2il,
DELH!I

CHEMICALS
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ACID SULPHURIC A.R.

( NITROGEN FREE)
SPECIFIC GRAVITY |-84

MAXIMUM LIMITS OF IMPURITIES

IRON (as Fe) ... ... 00001 PER CENT
CHLORIDE (as Cl) «. 00003
NITRATE (as NOy) 0-0000
ARSENIC (as AS,0,) ... 0000l
HEAVY METAL (as Pb) v 0:0002

Manufactured by

NATIONAL INDUSTRIAL CORPN.

MANUFACTURERS OF C.P. & A.R. ACIDS AND
IMPORTERS & DEALERS IN SCIENTIFIC INSTRUMENTS & CHEMICALS

8/115 ARYANAGAR, KANPUR

B 57y 11 1920 N

M.RAMCHANDRA & SON

KELEWADI, GIRGAUM, BOMBAY 4

Manufacturers of :

LABORATORY, HOSPITAL, SCIENTIFIC INSTRUMENTS &
PHARMACEUTICAL MACHINERIES

Please send your enquiries for :

AUTOCLAVES, INCUBATORS, DISTILLATORS, OVENS, VACUUM

STILLS, FILTERS, VACUUM, GAS AND WATER TAPS, BURNERS,

TRAYS AND CAGES FOR MICE, RABBITS AND ANY SORT OF
WORK RELATED TO LABORATORIES

A22
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[ROCHE]

SYINITHIHTIG

VITAMIINIS

Jor Food Fortijication

‘KEEPING FAITH WITH NATURE’

R

Vitamin Enrichment makes good food products better. Vitamin

Enrichment increases the nutritive value of the product, guards

consumers' health and wins their confidence and loyalty.

PIONEERS IN foo,

NRiCkmEy, /
F. Hoffmann-La Roche & Co. Ltd.

Vitamin Dept., Basle, Switzerland

For Samples, Literature, Prices, etc., apply to
SOLE IMPORTERS :

VOLTAS LIMITED, GRAHAM ROAD, BALLARD ESTATE, BOMBAY I
CALCUTTA - MADRAS - NEW DELHI - COCHIN - KANPUR

).S.I.R.— DECEMBER 954
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IMPORTANT
3 BOOKS ON LAC

A HANDBOOK OF SHELLAC
ANALYSIS
Second Edition, 1952
Price Rs. 2

LAC CULTIVATION IN INDIA
by GLOVER (1937)
Price Rs. 6/8

PRACTICAL APPLICATIONS OF
RECENT LAC RESEARCH
Second Revised Edition, 1948
(ORIENT LONGMANS LTD.)

Price Rs. 6/8

*

For these and other publications on lac
write o
THE DIRECTOR

INDIAN LAGC RESEARCH INSTITUTE
NAMKUM, RANCHI, BIHAR

ARVIND

for

QUALITY
FABRICS

THE ARVIND MILLS LTD.

NARODA ROAD, AHMEDABAD 2

STUDENT’S
CHEMICAL BALANCE

Students need a robust balance which
at the same time is accurate and reli-
able, no matter how it is handled by
them.

The design of this balance is, there-
fore, developed by us after maintaining in
good order for two decades the balances
used by students in different institutions.

Following parts make the balance
sturdy:

Beam & Stand — Gunmetal
Knife edges — Steel (students dam-
age agate edges )
Bearings — V-grooved agate
Although they are students’ balances,
they carry our guarantee with them.

*

For full particulars, please write to:

THE SCALES MANUFACTURING &
ADJUSTING WORKS

196/98 GIRGAON ROAD, BOMBAY 4
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VICKERS PROJECTION MICROSCOPE
Magnification : 30x to 4740x

20 BRITISH INDIAN STREET
CALCUTTA 1

* % ok % O % % X ¥ % %

21 FORBES STREET
P.O. BOX 1909 MADRAS
BOMBAY 1

MICROSCORES

OF VARIOUS TYPES

Whether for Routine Industrial Check up or for Research,
You can depend on Microscopes
manufactured by the famous

M/s COOKE, TROUGHTON & SIMMS LTD., UK.

Backed by more than two centuries of experience
in Optical Manufactures.

STUDENTS' TYPE
MEDICAL
RESEARCH
UNIVERSAL
PHASE CONTRAST
POLARISING
METALLURGICAL
STEREOSCOPIC
TEXTILE
FLUORESCENCE
ULTRAVIOLET

Ready stock available from Indian Agents :

PIONEER INDUSTRIES

193 MOUNT ROAD

J.S.L.LR.— DECEMBER 1954
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Safe & Dependable
INJECTABLES

A wide range of parenteral preparations for meeting the growing requirements
of the medical profession are processed in our laboratories. They are made from
standard chemicals employing double distilled and PYROGEN FREE water. Their
containers (ampoules) undergo rigid neutrality tests before they are selected for use.
These injectables are, therefore, guaranteed to be absolutely safe and dependable.

The following are but a few of our well-known injectables :

s RETICULIN — A potent Extract of Liver

s HEXOPURIN — An Urinary Antiseptic

s CALCITOL — Injectable Calcium Gluconate
s BEVITAMIN — Injectable Vitamin B,

s CEVITAMIN — Injectable Vitamin C

= GLUCOSE SOLN. — Injectable Pure Dextrose

THE MYSORE INDUSTRIAL & TESTING LABORATORY LTD.

MALLESWARAM P.O., BANGALORE 3

A RAW// PERFUME * A Borosilicate glass of

FOR EVERY PURPOSE 3)/ very low linear co-

Handkerchiefs, preparing 4", efficient of expansion.
Hair Oils, Cosmetics, To- Sole Distributors :

baccos of all descriptions, etc. GHOSE BROS GllAl‘l'Ul‘l‘; & C0
Details from :— //,; et P-36. Royal Exchange Place Extn.
/ CALCUTTA .|
50,EZRA ST,CALCUTTA-I

J.5.1.R.— DECEMBER 1954
A26



STANTON _Locctossstics

The design and construction of every modern Precision Balance manifests
the influence that STANTONS have exerted during the past few years

STANTON were first with: ® Synthetic Sapphire ( Corundum ) planes.
@ Full weight-loading balances in Britain.
® Balances with a special application — e.g.
Gas Density Determination, Thermo Re-
cording Work, Remote Control Work.

Model A.D.6

Capacity: 200 g.
Sensitivity: 0.1 mg. pev half division
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,

Model B.A.4

Capacity: 200 g.
Sensitivity: 0.1 mg. per half division

This balance represents another
contribution by Stanton towards
greater balance room efficiency.
Only four dials give weight-
loading up to 200 g. — Graticule
reads direct up to 100 mg., and
complete weighing can thus
be made in twenty to thirty
seconds.

S

Foy full details write to:
MARTIN & HARRIS Ltd., Savoy Chambers, Wallace St., Fort, Bombay e Tel : 30073

Ve STANT ON JGuRARILR

STANTON INSTRUMENTS LTD., LONDON, W.1

J.S..LR. — DECEMBER (954
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Own
“OLYMPUS?”

Microscopes

Sor
SERVICE
STABILITY
SUPERIORITY

Available in vartous models

STUDENT
MEDICAL
RESEARCH
PHASE CONTRAST
METALLURGICAL
STEREOSCOPIC
MICROPHOTOGRAPHIC
ATTACHMENTS and
OTHER ACCESSORIES

METALLURGICAL MICROSCOPE

OLYMPUS Microscopes have become very popular throughout the country and are being wused in

Government and private institutions, because they are STANDARD and competitively priced.

For demonstration contact your neavest dealer or Exclusive Agents

DARBARA SINGH @ SONS

14 BOW BAZAR STREET P.O. STREET 166 HORNBY ROAD
CALCUTTA 12 SADAR BAZAR KHENDELWAL BHAVAN
DELHI 6 FORT, BOMBAY 1

We manufacture

IONONE 100 PER CENT, IONONE ALPHA &
BETA, GERANIOL & CITRONELLOL PURE,
EUGENOL
and other
Aromatic Chemicals, Essential Oils, Resinoids
and various perfume compounds useful for soap

and other toilet articles

S. H RELKAR ®& CO.

DEVAKARAN MANSION, 36 MANGALDAS ROAD

BOMBAY 2
Branch : Gram :
Opposite City Post Office ‘ SACHEWORKS '’
BANGALORE BOMBAY

A28
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LA227-38

tlight
spotl!

Alcohols
and Esters

Comprising over 500 different products,
organic and inorganic, the range of M&B
Laboratory Chemicals and Reagents pro-
vides materials for a wide field of applica-
tion. Broadly speaking, they can be said
to meet the everyday requirements of
generallaboratory practice. Thecomplete
range, and the full specification of each
item, is listed in our brochure.
Alcoholsandestersformoneof five main
groups into which our organic chemicals
conveniently fall, and it is to these that
we are giving individual mention here.
Pre-packed stocks in standard packs
are available for prompt supply.

M & B brand

Amyl Acetat

Amzl Arcohoi Ethyl Cyanacetate LABORATORY
Benzyl Alcohol Ethylene Glycol

n-;?t'yl Acc:b:te Ethzlell.l.:cta{eco c“anans &

iso-Butyl Alcohol Ethyl Orthoformate

n-Butyl Alcohol Ethyl Phenylacetate REAGENTS
Coelohexseol Glycerln MANUFACTURED BY

Ethyl Acetate Methyl Alcohol

Ethyl Acetoacetate  is0-Propyl Alcohol MAY & BAKER LTD
Ethyl Alcohol n-Propyl Alcohol

Diswidbwors: MAY & BAKER {INDIA) LTD. BOMBAY - CALCUTTA * MADRAS - NEW DELHI * GAUHATI

J.5..R.— DECEMBER 1954
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Ni-Hard pipe castings for handling
slurry in gold mining.

Ni-Hard pipes are also highly
suitable for sand stowage.

By courtesy of John Williams and
Sons (Cardiff') Ltd.

It’s a hard life-

and too frequently a short one

for parts of equipment handling highly abrasive
materials like sand, ash, concrete, coke, coal, ores, and other

mineral products or used in the production of cement. Wear and
tear of plant is often so severe that the life of some materials can

be measured only in days before replacement is necessary. For a job
such as this, Ni-Hard has been the means of saving much lost time
and expense by reducing the frequency of replacement. Ni-Hard is a
hard, martensitic cast iron containing nickel. The composition can be

adjusted to give the best combination of properties for the service required.
Write for a free copy of “*Ni-Hard — A Summary of Properties and Applications”

1A/CI/2

THE MOND NICKEL COMPANY LIMITED

SUNDERLAND HOUSE, CURZON STREET, NI-HARD

LONDON W.IL
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IODINATED
ORGANIC COMPOUNDS

As X-ray Visualization Diagnostics

e IODOXYL B.P.
e DIODONE B.P.

e CHLORIODISED OIL

S

BrRONCHOGRAM FROM CHLORIODISED OIL

Manufactured by

BENGAL IMMUNITY

COMPANY LIMITED
CALCUTTA 13

EEEEEEEEENEEEEE N RS RS E NS NN N EE N SRR RS EE N RN R NS
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NON-AQUEOUS
TITRATION

A monograph on acid-base titrations
in organic solvents

by

PROF. SANTI R. PALIT
D.Sc,, F.R.IC, FN.L

DR. MIHIR NATH DAS
D.PHiL,

AND

MR. G. R. SOMAYA]JULU
M.Sc.

INDIAN ASSOCIATION FOR THE
CULTIVATION OF SCIENCE

This book is a comprehensive survey
of the recently developed methods of
acid-base titrations in non-aqueous sol-
vents. Acid-base concept, as developed
by Lowry-Bronsted and Lewis, is suc-
cinctly presented in this slender volume.
The subject is divided into two classes,
viz. titration of weak bases and titration
of weak acids. ‘The method of ‘glycolic
titration’ is described at a great length as
also the method of ‘acetous titration’ in-
cluding its recent modifications for the
estimation of weak bases. Various me-
thods for the titration of weak acids are
duly described. A reference list of all
pertinent publications is included in this

book.

122 pages with 23 diagrams (1954 )

Inland Rs. 3 only
Foreign (including postage )
$ 1.00 or 5s.

Copies can be had of

THE REGISTRAR
INDIAN ASSOCIATION FOR THE
CULTIVATION OF SCIENCE

CALCUTTA 32, INDIA

Equip your
laboratory
with

LABORATORY & PHARMACEUTI-
CAL CHEMICALS, ANALYTICAL &
LABORATORY REAGENTS,
STAINS, DRUGS, VITAMINS,
ETC.

Directly imported by

S. MATHURADAS & Co.

P.O. BOX No. 2113
PRINCESS STREET
BOMBAY 2

Gram: ‘* SMATHURCO " Phone : 30273

““TEKORPO’S SPECIALITIES

DISSECTING MICROSCOPES
ROCKING & ROTARY MICROTOMES
MAGNIFIERS & DISSECTING STANDS

MECHANICAL STAGES & POINTER EYEPIECES,
ETC.; ETC.

& K

For full particulars, please write to

TECHNICAL CORPN. Ltd.

SAROJINI NAGAR, LUCKNOW

A32
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The answer

to the problem: how to
combine high efficiency
with low cost.

75 kV
"ELECTRON MICROSCOPE

Magnetic super-microscope of simple
construction. The application of an
objective lens of extremely short focal
length and  considerably improved
alignment made it possible to dis-
pense with the usual electronic stabi-
lization.

Continuously adjustable enlargement
from 1500 to 1500V) x.

Size of image on the sceen: 90 x 90
mm, '

40 photographs on 35 mm film without
reloading.

Stereophotographs.

En!iyely air-cooled.

Shockproof.

For many investigations it is desirable to
increase the contrast of the specimen. This is
achieved by means of shadow-casting. The
shadow-casting unit has become an indispens.

Philips

able tool in electron microscopy.

shadow-casting units are available.

PSPH 79
e S s T et S B
‘LY. PHILIPS' GLOEILAMPENFABRIEKEN PHILIPS ELECTRICAL LTD., NORTH AMERICAN PHILIPS CO. INC.,

Scientific Equipment Department, X-Ray Department, Research and Control Instruments Division,
EINDHOVEN (Holland) Shaftesbury Avenue, LONDON W.C.2. | 750, South Fulton Ave, MOUNT VERNON N.Y

Sole Concessionaires in India
PHILIPS ELECTRICAL CO., (INDIA) LTD.,
PHILIPS HOUSE, Calcutta-20.
Branches: BOMBAY DELHI KANPUR LUCKNOW MADRAS PATNA
).S..R.— DECEMBER 1954
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HIGH SPEED

SUPER LABORATORY CENTRIFUGE

Electrically Driven
hy
CARL PADBERG, GERMANY

45000 R.P.M. with stainless
steel clarifying, separating and
closed rotors, complete with

speed regulator

CHILL cum HOT BATH

Thermostatically Controlled Available ex-stock

Range 10° to 100°C. *
Sensitivity +0.02°C.
i i CERAMIC PRODUCTS
LABORATORY EQUIPMENT
Company
UDAY SCIENTIFIC INDUSTRIES 1518 MOTT KATRA ROAD
5 BHABANATH SEN ST., CALCUTTA 4 AGRA

JOURNAL OF THE ZOOLOGICAL SOCIETY OF INDIA

PUBLISHED BI-ANNUALLY, CONTAINING ORIGINAL PAPERS & REVIEWS
IN ALL BRANCHES OF PURE & APPLIED ZOOLOGY

ANNUAL SUBSCRIPTION PER VOLUME OF TWO ISSUES:
FOREIGN : Rs. 22/- INLAND : Rs. 20/-

» A few back numbers are also available.

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

= Publications of the Government of India and the Zoological Survey of India,
specially those dealing with Zoology, like Records of the Indian Museum,
Memoirs of the Indian Museum, Fauna of India (new volumes), etc., and
reprints of a few papers of the Indian Helminthologist (late) Dr. G. D.

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

All orders, remittances and communications regarding above should be
addressed to :

DR. B. S. CHAUHAN
HONORARY TREASURER
ZOOLOGICAL SOCIETY OF INDIA
34 CHITTARANJAN AVENUE, CALCUTTA 12, INDIA

J.S.I.LR.— DECEMBER 1954
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THIS TRADEMARK E MEANS RELIABILITY

WHEN THE RESULT OBTAINED

FILTER PAPERS

Paper Chromatography — There are a series of papers

CREATES A DOUBT...

Particularly in cases
where  chemical analyses
yield unexpected results,
you should be absolutely
certain that the results
obtained are correct, be-
cause the materials used
and the means adopted by
you in the analytical proce-
dure were perfectly reliable.
This confidence is assured
whenever you use ‘S & S’
filter papers.

By continuously develop-
ing our methods of pro-
duction and tests we are

~ bringing out in co-operation

with the scientists, more
and more improved analytical
filter papers year after year,
which, on account of their
uniformity and dependability
on their essential properties,
are highly esteemed all over
the world.

The following amongst
many others are the filter
papers eminently suitable
for special purposes :

with different running rates

in respect of chromatogram with different raw materials basis.

Phosphorus-free Filter Papers — Used in filtration of soil solution. Especially suitable

for filtration of calcium lactate extracts of soils.

Nitrogen-deficient Filter Papers — For estimation of nitrogen in steel and pig iron.

Activated Carbon Filter Papers — For estimation of sugar in urine.

Selecta Haemoglobin Scale — For estimation of blood sugar.

CARL:&EHLEICHER & ﬁHﬁLL * DASSEL/KR.EINBECK

Sole Indenting Agents in India :

BIVA’S LIMITED ‘'aami™

J.5..R.— DECEMBER 1954
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The century-long experience of Johnson Matthey in both the Specialized products of
manufacture and use of platinum apparatus, coupled with crafts-

manship of the highest order, provides a guarantee of quality V g
in all JMC platinum ware. Good design, close attention to ]l 4 B
dimensional accuracy and the highest standards of finish are “ . ns“n MW/
combined to produce units excellently matched to their duties M tth

and of robust construction for long, trouble-free service. il E ’

AVAILABLE IN INDIA FROM

RAM LABHAYA ARORA & SONS

161/ HARRISON ROAD, CALCUTTA

Telegram : *“ METCHEMIKO ", CALCUTTA Telephone : JORASANKO 3256

J.S..R.— DECEMBER 1954
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Indian skill can make

ANALYTICAL REAGENT CHEMICALS OF THE SAME
HIGH STANDARDS OF PURITY AS THOSE MADE BY
GERMAN, BRITISH & AMERICAN TECHNICAL SKILL
*

VERY RELIABLE INDIGENOUS SUBSTITUTES OF
GUARANTEED ANALYTICAL REAGENTS
MAY BE FOUND IN

BASYNTH

BRAND

ACID SULPHURIC . . . e e e e e e e e e e spogr. 184
ACID HYDROCHLORIC, FUMING . + » o v v o v v o 119
ACID HYDROCHLORIC . . . . & v v ¢ o « o o o v v o & " 118
ACID NITRIC . « « v ¢ v v v o v o o o o ot o v a o = 142
AMMONIUM HYDROXIDE . . + o o o o oo e it w 090

AND MANY OTHER ITEMS ALL MADE IN INDIA BY

BASIC & SYNTHETIC CHEMICALS Ltd.

P.O. JADAVPUR COLLEGE, CALCUTTA 32

USE SWADESHI
AND HELP TO KEEP EMPLOYED INDIAN TECHNICAL SKILL IN INDUSTRIES

[ PR PPN e e

l

INDEX TO ADVERTISERS

J.S..R.— DECEMBER 1954
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PAGE PAGE
ANDHRA SCIENTIFIC Co. LTD., MASULIPATAM AT JourRNAL oF THE ZooLocicAL SociETy OF INDIA,
ARVIND MiLLs LTp., AHMEDABAD A24 CarcutrA s i A34
ASHA SCIENTIFIC (,o BouBay .. A2 J. T. Jactiani, BomBay Al6
ASSOCIATED INSTRUMENT MANUFACTURERS (lNDu) Keroy Ltp., CaLcutTA ... A8
Ltp., CALCUTTA 5 A42 MANSFIELD OIL GAs Co. Ltp., CALCUTTA . Al8
Basic & SYNTHETIC Culnucus LTp., CALCUTTA A37 MARTIN & HARrris Ltp., Boun.\v A9, 15, 40, 44
BENGAL CHEMICAL & PHARMALEUTI(,AL Works L1, May & Baker (INpia) Ltp., BoMBay .. A29
CALCUTTA . A6 MopERN TRADERs, BoMBAY A4
BeEnGAL ImmuniTy Co. LTD CALCUTTA A3l Monp Nicker Co. Lrp., LoNpon A30
Biva's LTp., CaLcutTa ... A35 M. RaMcHANDRA & Sons, Bomsay v A22
BomBAy hcmxrmc GrAass WORKs, Bomuv A8 Mysore INDUSTRIAL & TESTING LABORATORY L71D.,
Britisu DrRuGc Houses ( INpia) Ltp., Bousay ... Al4 BaNGALORE A26
CerAMIC PrODUCTS Co., AGRA A34 NATIONAL INDUSTRIAL CORPORATION, KANPUR A22
CHEMICAL, INDUSTRIAL & PHARMACEUTICAL Puites Erecrricat  Co. “"D“) L‘I‘D,
LABORATORIES LTD., BoMBAY o All CALcUTTA ... .. A13, 33 z
CRAFTSMAN ELECTRONIC CORPORATION LTD g"’"““ InpustRizs, Bowsav AZ5
BoMBAY . A43 OPULAR Book DEeror ( ReGD.), Bounv v Al6 1
DARBARA SINGH & Sons, CALCUTTA ... .. A28 Raj-Der-Kar & Co., Bousay .- A17,39
D.C.M. CHEMICAL WDRKS, Devs A2l Rau LABHAYA ARORA & Sons, CALCUTTA 5 A36
ScALES MANUFACTURING & AD]US’HNG Works,
EAsTERN SciENTIFIC WORKS, SALKIA, HOwWRAH ... Al0 BoMBAY . A24
Gansons Ltp.,, BoMBay ... s A8 ScienTIFIC & SURGKCAL EQUIPMENTS L‘I‘D -
GENERAL F_ur'rnlc Co. oF INDIA (MANUFACTUR- CaLcuTTA Al4
ING ) Ltp., CAaLcuTTA ... " Al9 SCIENTIFIC INSTRUMENT Co L'rn CALCU‘I‘TA A2
GHARPURE & Co., CALCUTTA ... Al12,26 S. H. KeLkar & Co., BomBay X A28
GHOSE BROTHERS ( PERFUMERS ), CALCUTTA .. A26 S. MATHURADAS & Co., BoMBAY A32
GorDpHANDAS DEsat & Co., BoMBAy ... A5 STANDARD METAL Co., CALCUTTA Al4
GRiFFIN & TaTLOCK (INDIA) LTD., CALCUTTA ... A38 STANDARD SCIENTIFIC INSTRUMENTS Co0., MADRAS Al8
HARGOLAL & SoNs, AMBALA CANTT. ... A20 STANTON INSTRUMENTS LTp., LoNDON .. A27
INDIAN ASSOCIATION FOR THE CULTIVATION OF TecunicaL CorPORATION Ltp:, Lucknow v A32
SCIENCE, CALCUTTA N A32 TeMPO INDUSTRIAL CORPORATION, BomBAY A18
INDIAN LAc RESEARCH Insnrum NAMKUM Upay ScienTiFIC INDUSTRIES, CALCUTTA A34
RANCHI A24 UNn1QuE TRADING CORPORATION, BoMBAY Al0
INDUSTRIAL & ENG]NEERING APPARA‘I’US Co. L'rn VoLTas Ltp., BoMBAY A23
BomBay o - 2 Al12 W. T. SureN & Co. Ltp., Bousay ... A8
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THE MICROID SILENT SHAKING MACHINE

New modern high efficiency design, compact in size

and noiseless in operation

% The high shaking speed of 275-280 per minute ensures more rapid

washing, extraction, saponification, emulsification, intimate mixing of

chemicals, etc.
Ideally suited for use in the Kahn test.

- This machine can be supplied for operation on any mains current
' required.

Write to :

GriFFIN anc?[ATLOCK(India)D.

B-5 Clive Buildings India House Sunlight Insurance Buildings
P.O. Box 2136 Fort Street Minto Road Extension
CALCUTTA BOMBAY | NEW DELHI

J.S.I.R. — DECEMBER 1954
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Technical Education—
Development Programmes

ROBLEMS relating to the training of
P technical personnel for meeting the

requirements of an expanding industry
were discussed by the All-India Council for
Technical Education, which met in New
Delhi on 30 October 1954. A five-year pro-
gramme for the development of technical
education and training was considered and a
seven-man committee, with Dr. S. S. Bhat-
nagar as Chairman, was appointed to for-
mulate detailed proposals.

The Council for Technical Education has
examined and assessed the need of existing
institutions preparing students for the first
degree and diploma courses and initiated a
programme of development. Postgraduate
courses in engineering and technology have
been started in various institutions and faci-
lities have been created for research in dif-
ferent fields. New courses in management
studies have also been instituted. The expe-
rience gained in operating the development

schemes will prove valuable in launching

more ambitious projects to meet the in-
creased demand for technicians and techno-
logists under the Second Five-Year Plan
(1956-61), which is expected to be an
“industrial plan . Since it takes three to
four years to train the technical personnel
required, the task before the Council has to
be executed with urgency and with a precise
appreciation of the needs and requirements.

The schemes considered at the recent
meeting and recommended to the Government
include apprentice training and technical
education for artisans and craftsmen in the
age group 14-17 and for supervisory personnel
in the age group 16-21; part-time technical
education facilities for adult workers and
sandwich courses for technical education and
training; provision of facilities for the train-

ing of technical teachers; and practical
training to graduates and diploma holders.

Apprenticeship training

In his address to the Council, Maulana
Abul Kalam Azad, Minister for Education,
referred to the importance of apprentice train-
ing schemes. He observed: I feel that greater
activity, both in intensity and scope, is neces-
sary in the field of co-operative projects with
industry. Apprenticeship training schemes at
all levels have not yet received the atten-
tion they deserve. In this, the active inter-
est and co-operation of industry are the fore-
runners of any successful schemss. Govern-
ment has already accepted the recommenda-
tions of the Secondary Education Commission
to provide diversified courses at the secon-
dary level. Such courses can be useful only
if opportunities are available to young
school leavers to go into industry as learner-
workers or apprentices, having at the same
time facilities for part-time instruction in
technical schools. Such schools could be
set up by industry. Provision should also be
made in existing engineering colleges, which
are at present doing mostly full-time work.

“1I am glad to note that in so far as gra-
duate apprenticeship training is concerned,
it has been possible to secure fairly good
response from industry. All the same, what
has been done is not enough. Much more
will have to be done at all levels. I take
this opportunity of making a special appeal
to the representatives of industry and com-
merce on the Council and to industrialists
outside to participate fully in the appren-
ticeship schemes, which must be worked out
and put into effect.”

Technical training involves not only insti-
tutional training but also training in indus-
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try, and the success of any scheme of train-
ing will be measured not by the number of
certificate, diploma, or degree holders, but
by the number of trained personnel absorbed
by industry or participating in productive
enterprises. It may be mentioned in this
context that the Scientific Man-Power Com-
mittee (1949 ) reported that industries set
great value on pre-employment training and
that only students who have been “ condi-
tioned ", after passing out of technical insti-
tutions, can find employment in industrial
concerns. The “ conditioning ”, which is
prescribed as a qualification for employment
in industry, is the supplement to institutional
training and this is a responsibility which
industry has to shoulder. The technical
and technological institutions instruct the

students of today to make them skilled -

workers and managers in industry tomorrow.
In the great task of training a competent
working force and managers for industry,
both educational institutions and industry
have a vital common concern.

Several measures have been suggested
from time to time to augment the facilities
for practical training in industry. The
Scientific Man-Power Committee recommen-
ded that suitable legislative measures
should, if necessary, be introduced to make it
obligatory on the part of every industrial
concern to provide industrial training faci-
lities ”. It has also been suggested that the
co-operation of foreign firms operating in
India, State-sponsored industries, and in-
dustries enjoying tariff protection, should be
enlisted to expand the facilities for appren-
tice training. Some industrial concerns are
indeed offering apprentice facilities for stu-
dents passing out of technical institutions.
For instance, the Sindri Fertilizer Factory
affords training for engineering graduates
and trade apprentices; the factory has also
made provision for short-term training of
engineering students from universities. Con-
sidering the magnitude of the problem, how-
ever, the facilities now available in industry
for practical training are totally inadequate.
A comprehensive and enduring system of
works training on a much greater scale
should be formulated.

The role of industry

This is possible only if industry assumes
the responsibility as an interested partner in
technical education programmes. Without
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such partnership, the programme of technical
education may miss the touch of reality and
clear purpose. The identification of young
people who have shown capacity to profit by
technical training and the formulation of
programmes of study which will develop
their best potentialities is a joint task of
technical institutions and industry. This
has been recognized in all highly advanced
countries. In U.K., for instance, represen-
tatives of the Federation of British Indus-
tries, Industrial Co-operative Research Asso-
ciations, and technical institutions frequently
meet to discuss and exchange information on
problems of education and practical training.
Movement of staff from technical schools to
industry and vice versa is encouraged. Pro-
fessors are frequently appointed as con-
sultants in industries allied to their fields of
specialization. Technical institutions pro-
vide part-time or full-time instruction faci-
lities for workers in industry and technical
staff from industry are called upon to give
lectures in technical institutions.  The
identity of interest between technical insti-
tutions and industry in the training of tech-
nical personnel is clearly manifest. Industry
realizes that co-operation with educational
institutions is necessary in its own interests.

The formulation of realistic plans for tech-
nical education in India has been rendered
difficult by the paucity of data on the require-
ments by industry of technical personnel.
The estimates of the Scientific Man-Power
Committee do not appear to be valid under
the present conditions. These estimates
were based on “ Production to Personnel
Ratio ”’ and reliance was placed on targets of
production suggested by the Industries
Panels set up by Government. In view of
the changed conditions, a fresh assessment
of the requirements is called for. Quanti-
tative estimates of personnel needs of in-
dustry should be correlated with the output
of students from technical schools and col-
leges and provision should be made for in-
industry training in programmes of technical
education.

The All-India Council of Technical Educa-
tion is confronted with two major problems
in formulating the plans for the development
of technical education. First, securing the
collaboration of industry and second, assess-
ment of demand for trained personnel at all
levels. The effort of the educator is pri-
marily to equip the students so that after
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leaving the school or college they may find
full opportunities to develop their activities
as workers in industry. In the great task
of making the effort of the educator effective,
industry has a part to play. The number
of students to be trained and the type of
training to be imparted should be based on
realistic estimates of the present and future

needs of industry. It is only on the basis of
such data that ideas and projects can be
shaped to correspond to reality and the needs
of the situation. The Council composed of
leaders of education, industry and adminis-
tration may be confidently expected to
tackle the various problems of technical
education with expertness and vision.

Symposium on Solar Energy & Wind Power

TFOUR-DAY symposium on Solar
A Energy and Wind Power, jointly

sponsored by the Government of India
and the Unesco, was held in the National
Physical Laboratory, New Delhi, from 22 to
26 October 1954. Delegates from various
countries, including Australia, Burma,
Ceylon, Denmark, I‘rance, Holland, India,
Israel, Pakistan, Russia, South Africa, U.S.A.
and West Germany, participated in the
symposium. Dr. K. S. Krishnan, I'.R.S,,
presided.

The symposium was inaugurated by Shri
K. D. Malaviya, Deputy Minister for Natural
Resources and Scientific Research, on 22 Octo-
ber 1954. Shri Malaviya referred to the arid
and semi-arid conditions prevailing in some
parts of India and the possibility of utilizing
wind power and solar radiation for bringing
prosperity to the regions. He observed:
Scientists and engineers are meeting here to
consider how best to utilize wind power and
solar radiation to supplement the energy we
derive from coal, oil or waterfalls. It is
important that we should derive energy from
these abundant and inexhaustible sources at
economic and competitive rates. Our sci-
entists are aiming, therefore, to effect
economy in the processes of utilization of
wind power and solar energy.

Wind powcr — The discussion on wind
power opened with a paper by Prof. D.
Dresden ( Holland ) who outlined the pro-
gress achieved in the harnessing of wind
power. Two questions arise for considera-
tion: (1) Applications for small power in
places where the only -alternative source
would be such small prime-movers as diesel or
gasoline motors; in these cases wind power,
once selected, would have to be relied upon

as the only available source; (2) applications
for large blocks of power with the main
purpose of conserving fossil fuels during the
time the wind blows with enough force. The
technical problems involved in the two fields
of application have been analysed and suit-
able designs have been worked out. Success-
ful wind-driven generators of capacities up to
70 kW. are now operating in Denmark. Two
100 kW. installations, embodying new tech-
nical features suggested by recent aeronauti-
cal research, are under test in U.K. These
are looked upon as prototypes for units of
1,000 kW. or more, to which class belongs
the Smith-Putnam experimental plant at
Grandpa’s Knob, Vermont, U.S.A. A study
of the information published in U.K. points
to the possibility of generating electricity
competitive with that of steam plant.
Following the review by Dr. Dresden,
papers relating to wind regime studies,
economics of wind power, utilization of wind,
solar radiation and other local energy re-
sources for the development of communities
in arid and semi-arid areas were discussed.
Surveys in India, U.K. and Israel show the
necessity for seeking favourable sites before
installing wind power machines. Dr. L. A.
Ramdass ( India) reported that there were
many regions stretching from Saurashtra to
Travancore where wind power could be
effectively harnessed. Mr. K. M. Shankaran
( India ) suggested the installation of a large
machine to capture winds at high altitudes.
Mr. Golding ( U.K.) said that his researches
showed that it was possible through careful
search to discover places where the wind
speed would be higher than the surrounding .
areas. He described the methods followed
in Britain for estimating wind energy. He
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suggested that rural populations should be
educated in the use of wind power; this
would encourage the demand of wind power
plants.

Dr. Hiitter (Germany) discussed the
design of wind power plants of medium size
and emphasized the need to study load re-
quirements, especially for water pumping,
before designing a wind machine.

The possibility of combining wind power

and bullock power was discussed by Mr. P. V.,
Ramiah (India). Mr. V. J. Bhatt discussed
the possibility of utilizing wind power in
Saurashtra to supplement thermal power
generation in the electricity grid.

Solar energy —In a general review of
developments in the harnessing of solar
energy, Dr. Farrington Daniels (U.S.A)

observed that the devices available at present

cannot compete with coal and petroleum in
industrialized countries. The first develop-
ments will have to come in small isolated
units where electrical power is not available
and where transportation costs for oil or
gasoline are excessive. Under such condi-
tions, inexpensive solar engines are needed,
even if they are not efficient. Among the
more promising applications of solar energy
are the heating and cooling of houses and
demineralization of salt water. Photoche-
mistry offers much hope for long-range
development and intensive photochemical
research may yield promising results. Im-
portant progress has been made in the direct
conversion of sunlight into electricity by the
use of crystalline semi-conductors.

Solar engines, the delegates agreed, could
not effectively compete with electricity, coal
and gasoline, but they could compete with
animal power. The difficulties of using sun-
light were its low intensity and the fact that
the sun’s radiation would have to be collected
over a large area. The cost of operation
accordingly would increase.

Several types of solar heaters were des-
cribed in detail. They included heaters with
large parabolic mirrors focussed on a cooking
vessel or the boiler of a steam engine. Mr.
Gardner described a new and simple arrange-
ment of adjustable flat mirrors mounted on
rows in a simple frame. Prof. V. A. Baum
(U.S.S.R.) showed pictures of large parabolic
collectors which generated steam at pressure.
He also described a refrigeration machine
which, with a parabolic mirror 80 sq. metres
in area, had daily produced 250 kg. of ice.

556

The solar cookers were regarded as parti-
cularly important because they could be
made cheaply and help to save cowdung and
plant materials which are now used as fuel —
the first essential to increase food production
and the second to check soil erosion. It was,
however, agreed that solar cookers would
have to be made cheaper —say, Rs. 20
each — before they become popular.

Some delegates described the application
of solar energy for heating houses. The heat
could be stored in hot water, in beds of small
rocks or in chemicals such as hydrated salts
Thin plastics offered cheap materials which
could be used as collectors. It was disclosed
that applications for heating houses would
become popular in cold climates.

Prof. Trombe (France) said it was an ano-
maly that although solar energy was difficult
to use because it was weak, nevertheless, it
was used at many places for experimental
furnaces of the highest temperatures.

Exhibition — An  exhibition displaying
charts, maps, photographs, working models
and technical publications was arranged by
the organizers of the symposium.

The exhibits on solar energy utilization
included solar cookers, domestic solar water
heaters, hot air solar engines for pumping
water and steam cookers. The Indian solar
cooker, developed by the National Physical
Laboratory, attracted much attention. This
cooker formed the subject of a BBC television
science programme in October 1954. The
commercial model was demonstrated in
Somaliland and in a trial run three-fourth
gallon of water was boiled in less than an
hour from an initial temperature of 72°F.
The overall utilization efficiency was 33 per
cent; with better anodized reflectors, the per-
formance of the cooker could be considerably
improved.

The domestic water heating arrangement
had an auxiliary tank of 100 gallon capacity
for storing hot water. The hot air engine,
installed in a paraboloidal mirror, develops
about ¢ h.p. and is capable of pumping
water from a depth of 15 ft.

An arrangement for concentrating solar
energy by plane mirrors had been set up by
Dr. A. L. Gardner. The heat gathered from
200 individual mirrors was brought to a
common focus and concentrated on a boiler
for raising steam.

Outstanding exhibits on wind power utili-
zation were put up by the British Electrical
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Industries Research Association, U.K., Messrs
James Alston & Sons, Melbourne, and
Allgaier-Werke, Uhingen, Wurt ( Germany ).
Numerous photographs, survey maps and
graphs on wind energy data were also exhi-
bited.

A working model of Comet-C pattern,
direct action, Australian windmill attracted

wide attention. Mills of this pattern have
given satisfactory results in areas with a
wind velocity of 4 miles per hour and above
and they require little or no servicing.

Charts showing the constructional details
of the governor, power transmission system
and direction control of the Allgaier wind
power plant system were also displayed.

Ionospheric Data—September 1954

CHARACTERISTICS OF THE
IONOSPHERE OVER CALCUTTA

S. S. BaraL, R. K. MiTtra, A. K. SAHA,
M. R. Kunpu, S. Dutrta & S. Ray

Ionospherc Laboratory, Institute of Radio Physics &
Electronics, University College of Science,
Calcutta

FIG. 1 shows the monthly average diurnal

variations of the ordinary ray critical
frequencies of regions E and F, ({°E and
f°F,) and also similar variations of the
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F1G. 2 — FREQUENCY OF OCCURRENCE OF SPORADIC
E LAYER DURING SEPTEMBER 1954

heights of maximum ionization ( hpF,) and
bottom (h'I%;) of the I’y layer during Sep-
tember 1954. The f°F, variation curve has
been compared to that predicted three
months before. The percentages of the total
number of occasions during routine observa-
tions when the critical frequency for the
sporadic E layer (fE;) was greater than
3, 5 and 7 Mc/s. have been plotted for the
different hours in Fig. 2. Table 1 gives the
median values for the different ionospheric
parameters.

Fig. 3 gives the mean M.U.F. predictions
for transmissions to different distances via
I, region over Calcutta during December
1954.

The intensity and frequency of occur-
rence of sporadic E layer during Septem-
ber 1954 were less than in the previous
month. The behaviour of the F, region was
normal.
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TABLE 1 — MONTHLY MEDIAN HOURLY VALUES

TiMe*

( September 1954 )

°F, hpF, h'F, °’E fE,
Mc/s. km. km. Mc/s.  Mc/s.
4-60 330 240 _ 3:20
4-60 330 240 — —
4-55 330 240 —_ —_
4-15 315 240 — —
3:80 300 240 — —
3-40 300 225 — —
4:25 300 210 —_ 2-80
6-40 300 225 — 345
710 330 240 — 3-85
8-40 360 270 — 4:60
9-00 420 300 — 4:70
10-00 420 300 3-40 —
10-75 390 300 350 —_
10-80 390 300 335 —
11-10 390 270 3-30 4-10
11:05 390 270 —_ 345
11-00 360 270 — 3:50
10-40 345 270 2:70 3-90
9-15 330 240 — 3-30
7-70 330 240 —_— 340
655 322 240 — —
510 300 225 — —
4:70 315 240 — —

4:60 330 240

*Time: 90° East Meridian Time ( U.T. + 6 hr.)

s (M3000)F,

2-85

3-00
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CHARACTERISTICS OF THE

IONOSPHERE OVER AHMEDABAD

K. M. Korapia, R. G. Rastoct & R. M. SHERIFF

Tonospheric Research Station, Physical Research

Laboratory, Ahmedabad

FIG. 1 shows the diurnal variations of the

monthly median critical frequencies of
the ordinary waves reflected from E, F; and
F,; Fig. 2 shows the variations of the height
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of maximum electron density and of the
minimum virtual heights of the different
regions; Table 1 gives the monthly median
values of the various parameters for E, E,,
F, and F, regions and the frequencies of
occurrence of E; during hourly observations
when fE; was higher than 3, 5 and 7 Mc/s.
and the diurnal variation of the percentage
occurrences of E; is shown in Fig. 3.

The median critical frequencies of F, in
September 1954 were higher than those in
August except from sunset to midnight.
There is an overall decrease in maximum
electron density of the ionosphere compared
to that in September 1953.

The intensities and frequencies of occur-
rence of sporadic E layer were appreciably
lower than in the previous month, but higher
than in September 1953.

TABLE 1 — IONOSPHERIC DATA, AHMEDABAD, SEPTEMBER 1954

( Tabulated hours 75°E. Meridian Time)

TiME MEDIAN VALUES No. OF OCCURRENCES OF ToraL
hr, Es witH No. or
~ - — A —S A ~ DAYS FOR
°F, hPI" h'Fy f°F, h'Fy °E WE fEg fEg> fEg> fES> wHICH Eg
DATA ARE
Mc/s. km. km. Mc/s. km. Mc/s. km. Mc/s. 3 Mc/s. 5 Mc/s. 7 Mcf/s. AVAILABLE
00 3-1 300 A — —_ — 4-7* (] 4 1 23
01 31 290 == —_ —_ —_ 3-1* 5 3 1 22
02 2-8 260 —_ — —_ — 4-1* 8 2 —_ 20
03 2:6 250 — —_ — —_ 3:2% 5 1 —_ 22
04 2-2 275* = —_ —_ — 3:0* 3 — —_ 22
05 2-1 300* = — _ — 2:9* 2 — —_ 20
06 35 250 = —_ — — 2:8¢ 3 1 — 21
07 59 245 3-6 235 2-0 115 3-6* B 1 1 20
08 63 250 4-0 225 2-5 110 42 17 3 — 20
09 6-9 267 4-3 210 2-8 107 42 20 7 1 23
10 74 300 44 203 3-0 107 50 17 8 3 24
11 8:6 315 44 200 32 107 55 15 8 1 26
12 105 320 45 210 3-2 107 44 15 5 1 27
13 11-7 305 44 212 3-2 107 53 12 7 1 25
14 12-0 300 44 227 3-2 110 3-7 10 4 — 23
15 121 230 4-3 233 3-0 110 43 10 2 —_ 23
16 12-0 260 4-0 233 2-6 115 3-8 8 1 —_ 21
17 10-7 242 37 235 2-2 120 46 12 5 1 22
18 8-7 230 — — —_ — 41 17 4 1 24
19 7-0 223 — — —_— — 32 11 2 1 22
20 49 207 —_ —_ - — 31 6 1 — 20
21 3-4 75 — —_ — —_ 2-9 3 — = 21
22 3-0 307 — —_ — — 4:7* ] 2 —_ 19
23 3-1 320 —_ — —_ —_ 3-9* 5 -— — 23

*Median hased on observations less than ten.
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Continuance of the Desert

Locust

Active Cycle

K. B. LAL
Director, Locust Control, New Delhi

the desert locust, Schistocerca gregaria

Forsk., bccur periodically and fairly
authentic records of such outbreaks in India
are available from 1812 onwards. The two
other locusts of the Indian region, namely
the migratory locust, Locusta migratoria
Linn., and the Bombay locust, Patanga

IT is now well known that outbreaks of

( Cyrtacanthacris) succincta Linn., have not-

been very active of late, though hopper con-
centrations of the former species were
observed in Ramanathapuram district of
Madras State in February 1954. Subse-
quently, on 2 June 1954, an aeroplane
pilot observed a small locust swarm at a
height of 1,000 ft. from the ground about a
mile from Bangalore. Since there was no
possibility of any swarm of the desert locust
having flown that far south in June 1954
and since no adults or hoppers of the Bombay
locust were observed in any appreciable
numbers during the year, it was presumed
that the locust swarm over Bangalore seen
by the air pilot could only be that of the
migratory locust. Some details about these
observations have been published by Rama-
chandra Raol.

Pruthi? gave an account of the outbreak
of a fresh cycle of the desert locust which
started in 1949 and is still continuing. Since
there are as yet no indications of this cycle
coming to an end and since Pruthi’s account
dealt with the first two years of the out-
break only, it may be useful to take his
account further and discuss the nature and
the course of the outbreaks as they developed
in 1951, 1952, 1953 and 1954. In describing
the initial stages of the present desert locust
outbreak, Pruthi gave a fairly detailed
account of the biology, phase characteristics,
breeding habits and swarm migrations and
also of the organizations for locust control
in India. The background information for
the present paper is, therefore, already
available and need not be repeated. Like-
wise, since the organizations for locust control
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in India have remained substantially the
same as they were in 1950, remarks about
them would be confined only to the im-
provements in the organizations and in
the techniques of locust control as they
have occurred during the past three or four
years.

Locust situation in 1951

Unlike in 1950, there was a fair amount of
locust activity in the winter and spring of
1951. During the preceding autumn in 1950,
about half a dozen swarms had developed in
Banaskantha and Mehsana districts of Bom-
bay State and the adjoining cultivated dis-
tricts of Rajasthan. To these were added
some immature swarms which came over in
October from Pakistan and did not return
westwards as may have been expected. All
these swarms moved generally in the eastern
and north-eastern directions during the
winter of 1950-51. During the second and
third weeks of January 1951, widespread
rains occurred in the Punjab and Uttar
Pradesh and neighbouring areas, when the
swarms moving towards such areas concen-
trated at the bases of the Punjab hills and
the adjoining Kumaon hills in Uttar Pradesh.
Two swarms also entered Punjab (India)
from the adjoining districts of Punjab (Pakis-
tan). Egg-laying started about the middle of
February in Hoshiarpur district and extended
to Ferozepur, Amritsar, Jullundurand Kapur-
thala districts. A couple of swarms, which
were at that time present in Uttar Pradesh,
moved actively towards east in the last week
of Pebruary and, after crossing Bihar,
reached Bengal in the first week of March
and entered Assam soon after.

Most of the swarms broke up into small
swarmlets and were destroyed by control
operations undertaken in the Punjab and
Uttar Pradesh. Likewise, the eggs or the
hoppers emerging from them were also des-
troyed in large quantities so much so that no
swarms developed from them.
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Meanwhile, heavy locust breeding was
continuing on a large scale in the winter-
spring breeding areas of Pakistan, Iran and
countries of the Middle East, which provided
sources for subsequent swarm incursions
into India.

During April and the first week of May,
India was free from locust swarms, eggs or
hoppers, but soon after, swarms from the
west began to come in, the first of which
entered India across the Bahawalpur border
and was observed on 13 May in Ganga-
nagar district of Rajasthan. The incursion
of swarms from the west continued till mid-
August and was heaviest during June.
During this period of 3 months, about 54
swarms entered India through Punjab and
Rajasthan. The swarms during May-]July
were pink, yellow or mixed, but in August
they were predominantly yellow.

The swarms arriving in India in May and
June found conditions very dry and tem-
peratures high and continued their flights
eastwards with the prevailing winds. During
June, the swarms moving east and south-
east reached West Bengal and one of them
even crossed into East Bengal. Swarms had
also moved into the States of Madhya Bharat,
Madhya Pradesh, Saurashtra, Bombay and
Kutch, from where they generally flew
towards north-east resulting in heavy infes-
tations in Rajasthan, southern Punjab,
southern and eastern parts of Uttar Pradesh
and adjoining districts of Madhya Bharat.

Due to scattered but localized rainfall
during June, there was some light breeding
in two areas of Jodhpur Division. However,
with the setting in of the monsoon in full
force in the last week of July, heavy and
extensive egg-laying occurred in Banas-
kantha district of Bombay State, in several
parts of Rajasthan, in Hissar district of
Punjab and in Ajmer State during August
and first week of September. The total
gross area infested by hoppers was about
45,000 sq. miles. In all cases, the eggs or
the hoppers emerging from them were com-
pletely destroyed and no swarms formed as a
result of the monsoon breeding. However,
swarm incursions from the west continued
during September and October and about 13
of them were traced as having come into
India through Rajasthan and Punjab. The
last swarm of the year coming into India
was observed on 5 December in Bikaner
Division. In the course of their movements,
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these swarms reached as far as PEPSU and
the western districts of Uttar Pradesh, south-
western districts of Madhya Bharat and
Ajmer State. Many of these swarms were
destroyed.

Locust situation in 1952

There was no locust activity in India
during the winter-spring of 1952, except for a
small pink swarm reported from .Bharatpur
tehsil ( Rajasthan) on 13 February and in
the adjoining areas of Agra district soon
after. Nothing was heard of this swarm and
presumably it got scattered and perished.
The population of individual locusts also was
practically nil in India till the end of April.

A sudden rise in the population of scat-
tered locusts was observed in the western
parts of Rajasthan from 3 May onwards and
these proved to be the forerunners of a swarm
which came into India from Pakistan and was
observed on 15 May in Barmer district of
Rajasthan. No more swarms entered India
during the next three or four weeks but the
population of scattered locusts continued to
rise in Rajasthan, presumably due to the
influx of loose swarms from the west. From
19 May onwards till the end of August, the
main swarm incursions into India from the
west continued, a total of 69 swarms having
been traced during this period. Again, from
about the first week of September to the end
of the year, about 40 swarms entered India
through Bikaner and Jodhpur Divisions
across Sind-Bahawalpur border. As before,
the swarms received during the monsoon
season moved eastwards up to Banaras
district. However, these swarms as well as
those received during the post-monsoon
period, continued roaming about in Rajas-
than, PEPSU, Punjab, Uttar Pradesh,
Ajmer, Delhi, Madhya Bharat, Vindhya
Pradesh, Kutch, Saurashtra and Bombay
States.

Breeding occurred heavily and extensively
from 6 July to 6 September in Rajasthan,
Punjab, PEPSU and Uttar Pradesh and
also in Palanpur district of Bombay State.
The total area infested by locust eggs and
hoppers during this period was estimated
to be over 80,000 sq. miles.

Control operations were organized all over
the areas infested against settled swarms as
well as eggs and hoppers and were success-
ful to the extent that hardly any swarms
were allowed to form on Indian soil.



LAL: CONTINUANCE OF THE DESERT LOCUST ACTIVE CYCLE

L

ozp———— | WIvLind

563

MmONNINY
dBhvy)

...x:n_,:.\ s |
2=

-]
- N

— T

NYLINW

viLIN®

W ONIQ3338 NOOSNOW
~— SWAVYMS
JON3IY3II3NA
2561 OSNIdNa

VIANI NI SNIQ3338 ANV
SLNIWIAOW WHVYMS LSNDOT




J. SCI. INDUSTR. RES,, VOL. 134, 1954

ey, B e
SN
Andvdons

b
li

oy N
-~

NIVLLAD

S e
.
N

-
e o
5 P LONFYY

)

\_~

)
s’ TMOaN
{ <

THO Yy WY e

OVYNYXyv1

°
Lvivs

ONIG33U8 NOOSNOW

A P
«— D30 Ol AVW NI SWIVMS 5
e ‘@33 — NVP NI SWHVMS IR

JON3Y3II3N

o
1aNIdTIYMYY

€S6l ONIYNA
VIANI NI O9NIJ33dg daNVv
SINIWIAOW WIVMS 1SNDO01

-

1 1
$6 0%

102

564




LAL : CONTINUANCE OF THE DESERT LOCUST ACTIVE CYCLE

Locust situation in 1953

During the winter-spring of 1953, locust
activity was low in India, only a couple of
swarms having been observed roaming about
in Kutch and Banaskantha district of Bom-
bay State during January and two or three
small swarms in Rajasthan -and Ajmer
States in the first week of I'ebruary. Pre-
sumably, these swarms got scattered and
perished so that India was free from swarm
activity after 8 February and till the middle
of May. There was no winter-spring breed-
ing in any part of India.

From about the middle of May, locust
swarms began coming into India again from
the west and these incursions continued till
the middle of November. The number of
swarms coming into India during May was
26, during June 33, during July 35, during
August 15, during September over 21 and
during October and November 6.

During May and June, swarms were
actively moving towards east. During the
first fortnight of June, swarms visited Uttar
Pradesh, Madhya Bharat, Bombay, Vindhya
Pradesh, Bihar, Orissa and West Bengal
States in addition to eastern Rajasthan,
Punjab and PEPSU wherein the main
concentrations occurred. Swarm movements
continued in July in several of these States,
but by the end of August not many
swarms were left in India. However, the
incursions from the west were still continuing
and the last swarm of the year was ob-
served in Nagaur district of Rajasthan on
25 December.

Early in July, egg-laying started in nine

districts of Rajasthan, three of Punjab and.

one of PEPSU. Hoppers emerged for the
first time in the year on 14 July. An-
other wave of egg-laying occurred in the
second fortnight of July over large parts of
Rajasthan, Punjab and PEPSU and also
in Uttar Pradesh, Ajmer and Delhi States.
During August, hopper infestations covered
extensive areas and during September,
patchy, post-monsoon breeding occurred in a
few districts of Rajasthan, PEPSU and
Punjab. The infestations were controlled
completely.

Locust situation in 1954

No swarm over-wintered in India and no
breeding occurred during winter-spring of
1954. The population of scattered locusts in
the desert areas was very low during Janu-

ary, February and March 1954. However,
the first swarm of the year was observed in
Jodhpur Division on 11 April and by
20 April three more swarms had entered
through Rajasthan. These swarms, which
were mostly of yellow locusts, got dispersed,
thereby raising the population of the scat-
tered locusts in Rajasthan.

Swarm incursions from the west com-
menced again on 15 May and continued till
nearly the end of October, the total number
of swarms having been traced to have come
into India being 8 during May, 32 during
June, 25 during July, 24 during August, 8
during September and 6 during October.
These swarms moved from Rajasthan and
Punjab into the States of Delhi, PEPSU,
Ajmer, Bombay, Uttar Pradesh, Madhya
Bharat, Madhya Pradesh, Vindhya Pradesh,
Saurashtra, Kutch, Jammu and Kashmir and
Bihar. Most of the swarms that came in
were of mature locusts but during June the
swarms were mostly of pink and grey locusts.

Locust breeding occurred mainly in four
waves. In the first wave in June, eggs were
laid in several areas of Rajasthan, Hissar and
Gurgaon districts of Punjab, Sangrur district
of PEPSU and Meerut district of Uttar
Pradesh. The egg-laying in July was on a
very extensive scale and affected practically
the whole of Rajasthan and Punjab States,
Banaskantha district of Bombay State, four
districts of PEPSU, 14 districts of Uttar
Pradesh, some parts of Ajmer State and very
large areas in Delhi State. During August,
the third wave of egg-laying occurred in
practically all the areas mentioned above
except Banaskantha district of Bombay
State. There was not much egg-laying
during September but towards the end of
this month and in October, extensive egg-
layings occurred in Rajasthan, PEPSU,
Punjab and Delhi States. The total area
infested with eggs and hoppers in the desert
areas as well as in the States has been esti-
mated to be about 50,000 sq. miles.

Organizations for locust control in India

The basic structure of the organizations
for locust control in India has remained the
same as that described by Pruthi (loc. cit.)
but have been greatly strengthened, espe-
cially the Central organization of the Govern-
ment of India, by the addition of vehicles,
dusting and spraying machines, wireless sta-
tions and various other types of equipment.
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In the States also, which have the respon-
sibility of controlling locusts in their culti-
vated areas, the State Plant Protection
organizations, which also undertake locust
control work, have been improved and
strengthened. A major development was
the employment of fixed-wing aeroplanes for
spraying locust hoppers and settled swarms
from the air. During the years 1951, 1952
and 1953, three aeroplanes, obtained from the
U.S. Government on loan under the T.C.M.,
operated for 1-2 months each year in
Rajasthan during July, August and Sep-
tember. During 1954, three Piper Cub
Super-Cruisers, obtained under an agree-
ment with the Hind Provincial Flying Club
of Uttar Pradesh, have done the same job
during August and September in Rajasthan.
The spraying equipment used on these aero-
planes were received from the U.S. Govern-
ment under the T.C.M. However, spraying
from air by aeroplanes is not by any means
adequate or suitable to replace the ground
organization for locust control to any appre-
ciable extent. Their value has been chiefly
in providing supplementary assistance for
locust control in special cases, when large
concentrations of locust hoppers at a stretch
had to be destroyed in a very short time.
A new technique, increasingly adopted
since 1951, has been to spray egg-infested
grounds with Aldrin, with a view to killing
the hoppers as they emerged and came in
contact with the poisoned surface. Inci-
dentally, it may be stated that the only other

place this modern technique has been em-
ployed is East Africa where the sprayings
were done by the Desert Locust Control Unit
of the United Kingdom Government. An-
other notable development in locust control
has been the increasing use of aldrin spray
in addition to the dusting with benzene
hexachloride. For a variety of reasons,
poison baiting has not been used in India on
any appreciable scale.

Although the principle of international
collaboration in locust control has been well
recognized for over the last ten years, the
translation of this principle into action, at
any rate, as far as India is concerned,
has been greater since 1951 than before.
During 1953, India sent a team of technical
men and equipment to Iran to assist the
Government of that country in fighting
locusts during spring. In the same year,
India also offered to assist an international
campaign against the desert locust in the
Arabian peninsula with six technical officers,
and during 1954, proposals are under the
consideration of the Government of India for
sending a more or less self-contained team
with equipment to Arabia to assist in des-
troying locusts there during the winter and
early spring of 1955.
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Photoelectric Measurements on
Grading of Indian Sugar

W. M. VAIDYA & D. SEN
Optics Division, National Physical Laboratory of India, New Delhi

N India, for the purposes of commercial
I transactions, crystal sugar has been
divided into 15 grades, the distinction
depending upon crystal size and colour
( degree of whiteness ). The grain size series
has five grades designated by A, B, C, D and
E, A being sugar of the biggest grain size and
E the smallest. The colour series consists
of three colours designated as 29, 28 and 27,

the grade 29 being the whitest. Thus, there

are 15 inter-combinations. Grain size group
is determined by sieve test, while the colour
is judged only visually. The estimation of
colour visually introduces personal judge-
ment and, thus, considerable uncertainty.
Though photoelectric methods are employed
in foreign countries they have not been
applied so far in India. It was, therefore,
thought worth while by the Sugar Sectional
Committee of the Indian Standards Insti-
tution to examine the possibilities of grad-
ing Indian sugar by photoelectric methods
and the problem was referred to the National
Physical Laboratory. The results of the
investigation are given in this paper.

It was found that in foreign countries,
apart from visual estimation, there were at
least three different methods for evaluating
the grades of sugar photoelectrically. At
the National Bureau of Standards!, America,
diffuse reflectance from sugar placed at the
centre of a hemispherical enclosure, which
is uniformly illuminated, is analysed spectro-
photometrically. Keane and Brice? as well
as Gillett and Meads3, both in America,
measured only the reflectance from granu-
lated sugar with photoelectric cells leaving
out colour measurements. Another method
which is extensively used abroad is the
measurement of transmittancy of dissolved
sugar.

In the first instance, it was necessary to
know the degree of variation of both colour
and reflectance among the 15 grades of
sugar. For this preliminary work it was
not considered worth while to incorporate

568

all the refinements of spectrophotometry
and hence in the initial stages observations
were taken with a single monochromator.
And these were later confirmed by repeating
the observations with a double monochro-
mator and a commercial type of photo-
electric instrument — Lumetron,

Spectral reflectance of sugar

Spectral reflectance of sugar was measured
by means of photoelectric spectrophotometer
built round a Hilger constant deviation
spectrometer ( Fic. 1).

A symmetrical slit (S, ) replaced the eye-
piece of the telescope of the spectrometer
and a short distance behind this slit was
placed a photomultiplier tube (P.) inside
a light-tight housing which was attached to
the exit slit (S, ) by means of a demountable
coupling. The photomultiplier tube used
was LP. 22 (R.C.A.) and 800 V. was sup-
plied to it from a stabilized electronic power
supply similar to that described by Miller
et alt. The circuit diagram of the power
supply is shown in Fig. 2. About 1,000 V.
obtained from the secondary of a step-up
transformer are subjected to half wave
rectification and smoothened as usual. Any
variation in the output voltage with respect

% €
¥
S2 P
/
4
/
#
{ [
D
F16. 1 — SINGLE MONOCHROMATOR: OPTICAL
ARRANGEMENT
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to the voltage across two VR 105 tubes is
amplified with a difference amplifier con-
sisting of two VR 91 tubes and applied to
the grid of 807 tube in proper phase which
helps in stabilizing the output. The poten-
tiometer P, helps to adjust the negative
feedback properly.

It was found later that the voltage stabi-
lization was not enough for very accurate
work, so dry batteries were used for ob-
servations with the double monochroma-
tor.

The photoelectric current was measured
by a sensitive ( 500 mm. pA) galvanometer
and the maximum current drawn was kept
-below 0-5 pA so as to avoid fatigue effects
of the photo-tube. The width of the exit
slit (S;) of the spectrometer was adjusted
to transmit a band 7 mp wide in the wave-
length region of 500 my and reflectance
measurements were taken at interval of
10 my. .

Fig. 1 also shows the optical arrangement
used for collimating the light reflected from
the sugar surface into the spectrophotometer.
The sugar was kept in a 9 cm. diam. and
2 cm. deep glass dish, D. Reflection was
obtained from the sugar surface flattened
and made flush with the edge of the dish
by pressing the sugar under a slight rotary

motion with a glass plate. An area of about
4 cm. diam. at the centre of the sugar
surface was illuminated by a beam of light
condensed from the lamp, by the achromatic
condenser C. The light beam was incident
on the sugar surface at an angle of 45°.
The lamp, L, a 500 W. projector lamp, was
fed by a constant voltage transformer.
Suitable blackened shields were placed to
cut off extraneous light from the sugar
surface and the spectrophotometer. The
dish, D, was placed with the sugar surface
horizontal and vertically below the right
angle prism P placed immediately in front of
the spectrometer slit S;, so that only the
light scattered by the sugar surface in a
small solid angle around the direction
normal to the surface entered the spectro-
photometer after total reflection in the
prism P. No difficulty was experienced in
preparing . the sugar surface so as to get
reproducible reflectance values.

The standard surface used was that of
fine magnesium oxide ( A.R. quality ) powder
pressed to a flat surface and its reflectance
was measured in exactly similar manner
as that of sugar. However, magnesium
oxide was placed in a silvered watch glass
of 7-5 cm. diam. instead of in the larger
glass dish.
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Colour evaluation

In order to express colour on C.IE. tri-
chromatic system the data required are the
values of galvanometer deflections for the
sample of sugar and the magnesium oxide at
successive wavelengths at intervals of 10 mp.
The ratios of these deflections are multiplied
by the energy distribution of the illuminant
and the tristimulus values of different
colours which correspond to the sensitivity
of the eye to these colours. The products
are added up, separately for each primary,
and each of them is expressed as a fraction
of the total. These fractions are the tri-
chromatic coefficients and the coefficient of
Y co-ordinate expressed as the percentage
is the brightness.

In the present instance the colour co-
ordinates have been calculated for the
illuminant C and the results are given in
Table 1.

When the values of the colour co-ordinates
were plotted on the chromaticity diagram it
appeared that the degree of variation of
colour was rather small for the 15 grades
of sugar, though the values of reflectance
showed appreciable variation among the
15 grades. For example, the value of
reflectance for A27 is 44-6 per cent, while
it changes to 52-2 per cent for A28 and 64-0
per cent for A29; thus, there is a measurable
variation in reflectance values in the three
sugars, which are of the same grain size but
differ in whiteness. Similar variation in
reflectance is observed among other grades.
Bigger grains, however, show greater varia-
tion than the smaller grains, as will be
obvious by comparing the changes in reflect-

ance values for samples A27, A28 and A29
with those for E27, E28 and E29.

When it became clear from the results
obtained with a single monochromator that
there was sufficient variation in the 15 grades
of sugar in reflectance values, it appeared
worth while to check the results with double
monochromator, which has a greater ac-
curacy on account of better purity of spec-
trum. Other refinements were also intro-
duced with a view to greater accuracy.

Measurements with double monochromator

The optical arrangement in the double
monochromator will be clear from Fig. 3.
General view of the assembly is shown in
Figs. 4 and 5.

Light from 500 W. projection lamp is
focussed with an achromatic lens on sugar
placed in a small dish and the light beam
falls at an angle of 45°. Reflected light
within a narrow cone round 90° is reflected
by a suitable prism on to the entrance slit
S,; the beam is then reflected by the concave
mirror M; and is then dispersed by a constant
deviation prism P;. The resultant spectrum
falls on the concave mirror M,, from where
it falls on slit S,. The slit S, selects a small
portion of the spectrum, which then falls on
the concave mirror My, which reflects it cn
another constant deviation prism P,, which
further disperses the incident beam. After
this dispersion the beam falls on the concave
mirror M,, which reflects it on the final exit
slit S;, where is located the receiving system.
By dispersing the light beam twice, the
purity of spectrum is improved owing to the
diminution of scattered light.

TABLE 1 —MEASUREMENTS WITH SINGLE AND DOUBLE MONOCHROMATORS

SAMPLE CHROMATICITY CO-ORDINATES REFLECTANCE %
— e Al r A )
x y z I 11 111 v \'

A27 0-342 0-354 0-304 44-6 37-0 41-1 41-7 386
A28 0-334 0-350 0-316 52-2 46-8 52-8 33-2 506
A29 0-308 0332 0360 64:0 — — — —_
B27 0-339 0-345 0-316 47-5 41-2 44-3 43-1 42-6
B28 0-333 0-343 0-324 56-6 46-9 534 50-2 49-5
B29 0-315 0-328 0-357 65-9 551 61-7 60-1 59-2
C27 0-340 0-349 0-311 540 48-2 503 49-2 43-8
C28 0-327 0-335 0-338 585 52:6 56-9 54:0 54-1
C29 0-311 0-322 0367 67 7 574 68-0 635 65-8
D27 0-336 0-346 0-318 61-3 56:5 61-2 56-8 577
D28 0-326 0-336 0-338 644 61-5 645 61:0 62-4
D29 0-325 0-332 0-342 64-6 619 — — —
E27 0335 0344 0-321 61-3 59:3 62:3 H9-3 580
E28 0-334 0:345 0-321 64-3 61:5 62:5 59-4 59-5
E29 0-327 0-337 0-336 70-5 68-4 696 68-3 63-1

1, single monochromator — 37 wavelengths; 1I, lumetron; III, double monochromator — 37 wavelengths; IV, double mono-
chromator — 10 wavelengths; V, double monochromator — 10 wavelengths.
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PHOTOMULTIPLIER
HOUSING

F1G. 3 — DOUBLE MONOCHROMATOR: OPTICAL ARRANGEMENT

Reflectance values

Values of reflectance as obtained with
the double monochromator are given in
columns III, IV and V in Table 1. The
values in the column marked III have been
obtained by utilizing 37 wavelengths, while
those under IV and V by utilizing 10 wave-
lengths, a procedure which is generally
accepted in colour calculations for economy
of labour without sacrifice of much accuracy®.
The new set of reflectance values confirm
the order of variation of reflectance for the
15 grades of sugar as obtained with the use
of single monochromator. The values in
columns III, IV and V also show the degree
of reproducibility which appears to be quite
good, considering that frequent handling

of sugar in the course of measurements
necessarily contaminates the sugar to some
extent. :

From these observations it appeared that
it would be possible to distinguish between
the 15 grades of sugar by reflectance values.
There are still sources of error in the methods
described above; they will have to be eli-
minated in any standard method.

After it was found that the apparatus
built in the laboratory was able to dis-
tinguish between 15 grades of sugar by
reflectance measurements it was of interest
to see if any instrument available com-
mercially could do the same. For this
purpose, Lumetron made by Photovolt
Corporation, America, was utilized and the
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I'16. 4 — DOUBLE MONOCHROMATOR: GENERAL VIEW

F16. 5 — DOUBLE MONOCHROMATOR: OPTICAL LAYOUT
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results obtained are given under column II

in Table 1.

Measurements with Lumetron

The construction of the Lumetron will
be clear from Figs. 6 and 7. There are
two photocells of barrier layer type, termed
the compensating photocell and measuring
photocell. The latter is illuminated with
diffuse reflectance from the sample, while
light from the source falls directly on the
compensating cell. The two photocells are
connected in opposition and the difference
current is measured with a galvanometer.
To give colour values, three filters are pro-
vided; from the readings with the green
Y filter the reflectance percentage can be
calculated.

Reflectance values for the 15 grades of
sugar are given in Table 1; colour co-
ordinates have not been measured since the
instrument did not appear to be accurate
enough to differentiate between the colour
values of the sugar samples.

Colour specifications

For a commodity like sugar, subjective
visual judgement of a customer is the final
arbitrator. Photoelectric measurements only
attempt to give results with as close a
correlation with this visual judgement as is
possible. Thus, though depicting the colour
point on a chromaticity diagram is of great
scientific significance, it depicts little to
correlate closely with the visual judgement.

TABLE 2 — MEASUREMENTS WITH DOUBLE

MONOCHROMATOR
SuGArR  COLOUR CO-ORDINATES DouBLE SINGLE
MONOCHRO- MONOCHRO-
x y z MATOR, MATOR,
DOMINANT DOMINANT
WAVE- WAVE-
LENGTHS LENGTHS

my mg
A27 0-342 0-356 0-302 570 576
A28 0-343  0-357 0-300 570 573
A29 — — — — 545
B27 0-329 0-348 0-323 571 578
B28 0-350 0-366 0-384 575 575
B29 0-320 0-336 0-344 568 568
C27 0-341 0:3556 0-344 575 576
c28 0:333 0-343 0-324 575 576
C29 0-318 0-336 0-346 566 557
D27 0-337 0-360 0-303 571 575
D28 0-332 0-338 0-330 578 575
D29 o — — — 577
E27 0-340 0-346 0-314 577 576
£28 0-342  0:350 0-308 576 576
E29 0-333 0-336 0-331 580 575
Source C  0-310 0-316 0-374 —_ =

4507 | ! | ] |
0:00 010 020 030 040 0:50 060

X

F16. 8 — CHROMATICITY DIAGRAM WITH DOMINANT
WAVELENGTH : SUGAR SAMPLES A27, A28 AND A29

|
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F16. 10 — CHROMATICITY DIAGRAM WITH DOMINANT
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For such purpose, another method is adopt-
ed — namely the specification by dominant
wavelength. The latter is of course calculat-
ed from the tristimulus values, but the re-
presentation of colour on the basis of domi-
nant wavelength gives a better correlation
with the visual judgement. Dominant wave-
lengths have, therefore, been calculated for
the 15 grades of sugar. For this purpose, ob-
servations were taken with the double mono-
chromator and the tristimulus values were
calculated using 37 wavelengths ( TABLE 2).
The dominant wavelengths can be seen from
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F1G. 12 — CHROMATICITY DIAGRAM WITH DOMINANT
WAVELENGTH : SUGAR SAMPLES E27, E28 anD E29

the graphs in Figs. 8-12. For comparison,
dominant wavelengths calculated with the
use of a single monochromator are also given
in Table 2.
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House Construction & Thermal
Comfort in the Subtropics

W. C. THOBURN*
Forman Christian College, Lahore

( Continued from November 1954 issue)

High ceilings

HE idea that high ceilings contribute
T towards keeping the houses cool in

summer is so widely accepted — even
by builders and engineers — that specifica-
tions relating to minimum ceiling heights are
commonly included in building bye-laws.
If this view is correct, we should have some
explanation for it which will stand the test
of scientific study.

The choice of a method of approach to the
study of this problem is not easy. To judge
whether houses with high ceilings are cool in
summer or not, mainly on facts associated
with building practice and experience, is not
likely to lead to satisfactory conclusions,
particularly when we have to deal with mil-
lions of houses and many different ways of
building them. A statistical approach to the
problem is, therefore, ruled out.

The method of experimentation has also
its drawbacks. The direct testing of the
thermal effect of high ceilings would involve
the comparison of temperature in two
houses, one with a low ceiling and the other
with a much higher one, but otherwise built
in exactly the same way and exposed to
exactly the same weather conditions — in-
cluding solar radiation and wind. Such an
experiment would be expensive. To select a
suitable pair of test houses from an existing
group of houses would be difficult, for floor
plans and surroundings are not likely to be
identical, and various modifying factors
come into play, rendering the conclusions
questionable.

A more profitable way of getting at the
problem is to list all the reasons commonly
put forward for the cooling effect of high
ceilings and add to the list other plausible
ones, and examine them individually in the
light of known physical laws and facts.

*Present address: Division of World Missions,

This method of attack needs less elaborate
preparations than those required for other
methods and is likely to provide more infor-
mation.

Using this approach to the problem, we
may list the following plausible reasons for
the cooling effect of high ceilings and classify
them under four general heads: (a) Air-
layer theories — (1) warm-air-layer theory and
(2) humid-air-layer theory; (b) cetling radia-
tion theory; (c) ventilation theories — (1) the
chimney effect and (2) effect of night breezes
at high levels; and (d) volume theories —
(1) storage of cool night air and (2) slow
humidification with large air volumes.

According to the first explanation under
(a), if the ceiling is high, the hot air has a
good chance to rise to the upper reaches of
the room and out of the way of the occupants.
Another way of putting it is to say that the
air near the ceiling protects the occupants
below from the effects of heat. We may call
this, in either form, the warm-air-layer theory.

The above theory can be easily tested.
Temperature measurements made at differ-

“ent levels in closed rooms of a bungalow in

summer show very little difference. If the
ceiling is significantly warmer than the rest
of the room, there will be a sharp temperature
gradient in the air film adjacent to the
ceiling. However, observations of near-
ceiling temperatures show that the relatively
steep temperature gradient in this film lies
within 2 or 3 in. of the masonry surface.
We are hardly concerned with this almost
negligibly thin air film in the present dis-
cussionst.

1The starting of a ceiling fan in a previously
undisturbed room can, under favourable circums-
tances, result in an initial downward gust of sensibly
warm air coming from this film. This effect is, of
course, transient.

150 Fifth Avenue, New York 11, N.Y., US.A.
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So far as the great mass of air in the
room is concerned, the temperature difference
found at different heights is usually of the
order of 1°F. — perhaps 2° — under favour-
able conditions. A large number of such ob-
servations made during summer in the rooms
of a masonry bungalow indicate that the
supposed layer of warm air-layer is largely
imaginary*.

The actual air temperature is, of course, not
the only factor determining the temperature
we feel or the “ effective temperature ”’ of air.
Other factors which come into play are
humidity and velocity of air. By means of
suitable chartst, the effective temperature of
the air can be determined from these three
factors. In addition, the net exchange of
radiation with the surroundings will affect
the effective temperature. The sun, for ins-
tance, is a very significant item in the
“ surroundings ”’ on a clear day out of doors.
Clothing affects the effective temperature,
but we should note that it is fundamentally
an artificial device used to maintain near
the skin more desirable air conditions than
are provided by the weather.

These considerations lead us to the second
air-layer theory. Perhaps the air on the
upper reaches of rooms in summer is more
humid than it is below. Breathing and
perspiration both tend to moisten the air
around us, and since moistened air is slightly
less dense than dry air, this suggestion is plau-
sible. Tests with a psychrometer, however,
indicate no perceptible difference in humi-
dity at different heights in the rooms.

The switching on of a ceiling fan will
throw any air-layer theory into serious diffi-
culties, for the effect of the circulation is to
mix up the air.

Under (b) we have a popular belief which
suggests that warmth received by direct
radiation from the ceiling will be reduced if
the distance from the ceiling to the occu-
pant is increased. What do physical laws
and tests tell us? The law of radiation
within a hollow enclosure shows that no one
interior surface such as a ceiling can add to
the warmth of a room by radiation unless

*The author’s repeated observations leading to
this conclusion are confirmed by those of Mr.
Mason Vaugh of the Allahabad Agricultural Insti-
tute to whom he is indebted for his interest in this
field of investigation.

tAmerican Society of Heating and Ventilating
Engineers’ Guide, 1946, Ch. 12.
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it is warmer than other interior surfaces.
Calculation of the radiant heating effect of a
ceiling 9° warmer than the rest of the room,
which is a rather large difference in practice,
indicates that it is insignificant. For instance,
if such a ceiling were 200 sq. ft. in area,
and 4 ft. above the head of an occupant and
9° warmer, the net radiation exchange be-
tween the ceiling and the occupant would be
thatof a 550 W. heater at a distance of about
2 ft., radiating equally in all directions.

A simple test with a 550 W. electric flat
iron showed that the radiant warmth could
not be felt at 2 ft. from its flat surface.
Therefore, the effects of direct ceiling radia-
tion need not be taken seriously, and in
passing we may further note that the raising
of the ceiling by, say, 6 ft. from the usual
height would certainly not eliminate this
warming effect — negligible as it is.

Some heat is of course transferred from the
ceilings of masonry houses to the rooms, but
this is mostly by air currents. The small
amounts of heat that are transferred by direct
radiation are of no practical importance to
thermal comfort.

Under (c) we consider how high ceilings
effect ventilation in the rooms. The theory
of the chimney effect is that, just as a tall
factory chimney creates a draft, a tall house
should perform similarly and thus be well
ventilated, the warm air leaving by venti-
lators near the roof.

To begin with, let us remember that the
draft of the factory chimney requires not only
the chimney but also the heated air within it.
Without any interior source of heated air in
a bungalow in summer, we can hardly expect
such a chimney effect. As we have seen,
greater changes in day and night tem-
perature are found outside the house rather
than inside it. We should, therefore, expect
the greatest positive chimney effect well into
the night, when the heat of the day has
penetrated through the walls and when the
outside atmosphere has cooled down to its
minimum. During the hottest part of the
day, we should expect a reverse or negative
chimney effect — the air tending to pour in
through the ventilators. However, in view
of the relatively mild temperatures we are
concerned with, the chimney effect — whe-
ther positive or negative — should be far less
in bungalows than in a factory chimney.

Tests made on a night following a hot June
day (1941) in Lahore were significant. A
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simple breeze-measuring instrument was used
close to an open ventilator near the roof of
one of the bungalows of the Forman Chris-
tian College. The doors below were open.
It was a calm evening, but now and then
there were gentle puffs of breeze to which
the instrument responded readily. In con-
trast, no steady air current arising from the
chimney effect was detected. Common ex-
perience again verified these findings. On a
calm, warm evening one feels no immediate
cooling on opening a ventilator high above
one’s head. However, if there is any breeze
blowing, the cooling effect of opening a door
or a window for ‘‘ fresh air ”’ is noticed at
once.

Of course the chimney effect exists, and we
must not conclude that ventilator openings
are of no value. The evidence indicates,
however, that drafts arising from this effect
in our bungalows in summer are quite in-
significant in practice compared to the venti-
lation provided by natural breeze through
well-placed windows of liberal area.

The second ventilation theory is suggest-
ed naturally by the conclusions of the first.
Should we not expect overnight cooling of
the ceilings of a house to be more thorough
if these ceilings are high above the ground,
where swifter breezes and perhaps cooler
temperature prevail ?

To verify this theory wall temperatures
were measured at three different heights on
the shady side of a tall building at sundown,
and again early the following morning.
From the readings the overnight cooling was
determined at three different levels. At a

height of 40 ft. there was an overnight .

temperature drop of 11-7°F., at 22 ft. it was
10-8°F. and at 4 ft. above the ground it was
10-2°F. It is to be noticed that these tests
were on an outside wall where exposure to
natural breeze was most favourable. Yet
for even 36 ft. increase in height, the increase
in overnight cooling was only a degree and a
half. The corresponding effect indoors for a
change in ceiling height from 8 to 16 ft.
could be only a fraction of a degree at best.
Observations made inside the rooms showed
that the differences in overnight cooling at
different levels were not great enough to be
detected with any certainty. It is, therefore,
clear that in practice the benefit of a high
ceiling is insignificant compared to the
effects of other and more obvious arrange-
ments for good ventilation.

Under (d) we consider the theories which
postulate that what we need for comfort in
hot weather is a large volume of air. Possibly
we do. Just how does large air volume help
to keep us cool ?

That a large room volume makes possible
the storage of a liberal amount of cool air
is a popular theory. Admitted at night,
this air is supposed to be kept confined for
the benefit of the occupants during the hot
part of the following day when the house is
kept closed.

Let us accept the benefit of overnight
ventilation in summer. It is not the air,
however, that stores the night coolness.
This has been indicated earlier. A little
calculation will show that the thermal capa-
city of a single brick is nearly as much as
100 cu. ft. air. It is the interior masonry
which functions basically as the repository
of coolness stored by overnight ventilation.
In comparison, coolness stored by the con-
fined air is insignificantly small and in the
practice this ““ confining ” of the night air is
not very effective.

The temperature of air in a closed ma-
sonry room is substantially controlled by
the thermal capacity of the masonry. If no
artificial aids are employed to keep the
air warmer or cooler, its temperature will
closely approximate that of the walls.
Clearly, therefore, the maximum benefits
accruing from overnight cooling are to be
realized by means of effective ventilation of
the interior masonry surfaces of the house
and not by making the static air volumes
large.

The second volume factor is of interest.
If there are occupants in a small closed room,
their breathing and perspiration should in-
crease the humidity of the air around them,
making them feel progressively warmer as
the degree of saturation is increased. Ex-
periments to test this effect were carried out
in Lahore in the summer of 1941. In one
test, three young men stayed in a small
closed room for 20 min. In another, the
author sat in a small car with closed windows
for 10 min. The results were similar. On
closing the doors for the start of the experi-
ment, in each case, the temperature of the
confined air rose quickly to that of the en-
closure and remained constant thereafter.
The relative humidity, however, rose steadi-
ly. Dry and wet bulb temperatures were
noted at regular intervals on an Assamann
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psychrometer. From each pair of readings
the relative humidity and the effective tem-
perature were ascertained.

The accompanying graphs ( Fic. 7) show
clearly why small rooms tend to become
uncomfortably warm in summer if they are
not well ventilated. Evidently, therefore,
lack of adequate ventilation is one reason
why many conventionally built small rooms
tend to become “stuffy ”’ in hot weather.
Thus, while these results do emphasize the
need for liberal ventilation or change of air
for small rooms, they do not indicate any
need for large rooms or high ceilings.

It should be pointed out here that the
practice of closing up a house during a sum-
mer day does not necessarily call for largein-
dividual rooms in order to avoid progressive
increase in humidity. All that is needed is
that the air in the rooms be changed reason-
ably often, perhaps once an hour. Unless
the outisde atmosphere is very stagnant,
this rate of air change will usually be pro-
vided, especially if there is easy air-commu-
nication between rooms within the house
by the infiltration of air through the cracks
around the outer doors and windows. At
the same time such a slow rate of air change
will not itself significantly alter the tem-
perature of the walls which have been cooled
by overnight ventilation.

Summarizing our findings, we find that of
the seven theories discussed, only the last
one reveals any space-dimensional factor
which is significant in making small rooms
uncomfortably warm in summer, and even
this one is not necessarily associated with
small rooms or rooms with high ceilings.
With the evidence we now have, we may
conclude that there is no fundamental need
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of building residences with ceilings more
than two or three feet higher than the height
of a man. The resulting economy of cons-
truction and convenience is obvious.

The experience of the author’s family
living at Lahore in a residence with ceilings
not over nine feet high has amply verified
this conclusion. True, the lowered ceilings
do not directly make the rooms cooler.
Nevertheless, liberal facilities for natural
ventilation, controllable window shades and
liberal shade by neighbouring trees made
the house comfortable, both in summer and
in winter. This result is fundamentally the
outcome of the basic constructional features
of the house.

Discussion

In perusing what follows, the reader should
keep in mind that the topic of this paper
is the bearing, on thermal comfort, of the
constructional features of residences, i.e.
those features which are a part of the design
of the house and those items of basic equip-
ment which do not call for the consumption
of fuel or power. At the same time, it is
necessary that artificial aids should also be
considered. Thus, while the subjects of
heating and cooling loads, the methods of
dehumidification and other technical aspects
of air-conditioning are largely outside the
scope of our discussion, consideration will also
be given to possibilities of improving comfort
by artificial means.

The first important outcome of our study
arises ultimately from the climatic and
economic conditions discussed earlier. The
indication is that, so far as comfort in build-
ings is concerned, the study of overall and
continuous methods of heating and cooling
cannot be satisfactorily applied to the prob-
lems on hand. This is because continuous
heating and cooling methods are based,
fundamentally, on the assumption of a
steady flow of heat which is not character-
istic of masonry residences in the subtropics
of Asia. Instead, our study should be based
on the principles of varying heat flow, and
our emphasis should be on methods of tem-
porary and local heating and cooling — so far
as artificial aids are used. That is, the
artificial aids used should be ““space’” heaters
or coolers, employed only when and where
they are wanted.

The second finding is the need of ample
facilities for controlled ventilation, including
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natural ventilation. This can hardly be over-
emphasized. The effectiveness of overnight
cooling also calls for liberal window areas,
particularly near the ceiling levels, so that
interior walls and ceilings may be cooled
easily by night breeze.

A thickness of 1 ft. or more of masonry is
effective in protecting the interior of a house
from the extremes of the outdoor diurnal
temperature variations, particularly if the
house is kept closed. TFurther, the benefits
of overnight cooling, which are due to the
storage of “ coolness ™ in the interior of a
masonry house, cannot be as effective in the
case of houses where light, insulating cons-
truction materials are used.

Shading a part of a house will help in
keeping that part cool. If a feasible and
economical method is available for control-
ling shade, such a feature of design is highly
desirable.

The shading of windows, otherwise exposed
to the sun, is to be considered first, for the
effect of sunlight is felt most where it enters
directly. Shades should be placed outside
glazed windows rather than inside. Ar-
rested sunlight produces heat and it is cer-
tainly preferable to dissipate this heat in
summer outside the windows rather than to
the room air within.

In the absence of any heating or cooling
system operating nearly continuously, the
use of insulating materials on the walls of a
masonry house is practically useless. This
applies to solid materials as well as to confined
air spaces. It is a mistake to think that
lightly constructed outer walls, even if made

of good insulating material, will ““ keep out ””

-summer heat. Unless artificial cooling equip-

ment is installed, such a house will not be
satisfactory during the hot months in the
subtropics.

There is no evidence of any relation
between ceiling height and summer coolness
for masonry residences. The economics and
conveniences which are possible with lowered
ceilings and more compact designs are,
therefore, developments much to be desired.

Lines of further development

It is evident that increased use of artificial
aids for improving thermal comfort can
hardly be expected for the masses of India
and Pakistan. Even improvements in the
constructional features of houses have their
limitations in scope, principally on account

of the increased costs they are likely to
involve. The improvements thought of,
therefore, must be applicable in the main to
middle-class groups.

One line of development worthy of study
for extension and improvement is the cooling
of air directly by the evaporation of water.
This method of cooling has been discussed
earlier. As yet there has been almost no
commercial development of cooling units
based on this method and designed for private
homes in India. In the arid south-western
regions of the United States, on the other
hand, “ desert coolers” have gained con-
siderable acceptance. They have been ex-
perimented with at some places in India*.

Another experiment worth mentioning is
that of Mr. Abdul Ghafoor, Chief Engineer,
Irrigation Branch, P.W.D., Lahore, who
successfully used a carefully laid pile of
bricks in place of khus matting. The bricks
laid with their depressions up and with
liberal air spaces between the rows, function
effectively both as a water absorber and as a
storage for the “‘coolness” resulting from
evaporation. Though the ventilating fan is
kept running, the wetting of the pile of
bricks needs to be done only once or twice a
day. For periodic we . m a
small tank above the brick pile is distributed
evenly by soaking slowly through a porous
mat of gravel concrete covering the pile.
Each wetting is complete within a few
minutes.

The fact that direct cooling by evaporation
is gained at the cost of increase in humidity
raises the question of the practicability of
cooling air indirectly by the evaporation of
water. Under favourable conditions the
wet-bulb temperature can be many degrees
below the dry-bulb temperature. If the
heat taken for evaporating water into one
air stream can be extracted, through the
walls of suitably arranged channels or ducts,
from another air stream, then this second air
stream would be cooled but not moistened
and would presumably be more desirable for
the occupant than the first. The principle
of this method of cooling a medium is em-
ployed in the evaporative condenser, which
has enjoyed increasing favour for industrial
power plants in the Westt. Study and experi-

*United Christian Schools, Jullundur and also
Allahabad Agricultural Institute, Allahabad.

TAmerican Society of Heating and Ventilating
Engineers’ Guide, 1946, pp. 709.
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mentation with this method of cooling would
be worth undertaking, though it must be
remembered that the effectiveness will still
be limited by the initial dryness of the at-
mosphere just as in the case of direct evapo-
rative cooling. The value of non-addition
of moisture to the air ultimately used will
have to be balanced against the losses in-
volved in the heat transfer between the two
air streams and also the increased costs of
equipment involved.

A second general line of desirable develop-
ment is that of improving the facilities for
controlled shade. The advantages of “‘solar
house "’ construction have been discussed
earlier and might well be explored further for
these regions. However, the limitations
mentioned need to be kept in mind, and the
substitution of a very large area in glass for a
south masonry wall needs to be considered
with caution. .

Some standardized construction providing
adjustable shutters or shades outside win-
dows would be a most desirable develop-
ment. In the case of the author’s experi-
mental residence, the suspension of shutters
in the first instance by hinges proved highly
unsatisfactory, both on account of the in-
convenience of their operation from within
the house and also because of the serious
damage that was being done to these hinged
shutters by sudden dust-storms. Both these
difficulties were overcome by operating the
shutters on rails as described earlier.

Again, there is need for convenient design
and construction of removable roof shading,
fulfilling the function of light thatching.

A third direction of development is that of
using the heat and cold stored in the earth
for the comfort of the residents in a house.
The temperature of the earth some 15 or 20
ft. below the ground tends to approximate
the all-year mean above quite closely and in
large areas of the subtropics this mean is a
““comfortable” temperature. In Lahore, for
example, it is not far from 76°F. It is
possible to use this desirable temperature to
make the occupants in a house a little more
comfortable during the extremes of summer
and winter.

One simple and obvious method of accom-
plishing this is to build houses 15 or 20 ft.
underground where temperatures vary very
little throughout the year. It would cer-
tainly be worth trying in the subtropics for
certain special purposes, such as hospital
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surgeries, where comfortable and depend-
able temperatures are important. The local
conditions should be favourable for the
experiment. In particular, the underground
water table should be low enough to be well
out of the way.

Another method of using earth-stored
heat and coolness is a basic feature of the
experimental residence built at the Forman
Christian College, Lahore. Outside air is
drawn into the windows of the cellar and then
down an air-well to an underground tunnel
which makes a rectangular circuit of 120 ft.
of running length along its centre line, which
is about 14 ft. below the surface ground level,
It is then drawn up through a central air
duct by means of a single fan, and distributed
through adjustable grilles, one of which opens
to each of the ten rooms of the house. The
air paths from tunnel to occupants were
made as short as the design would allow,
and in order to minimize losses on the way,
the ducts were made of wood. The fan is of
low power and, following the first finding
given in the summary of findings, the system
1s not expected to be used for more than
about two rooms at a time. The earth-
tempered air is shut off from unoccupied
rooms by damper valves, one located suitably
behind each grille, which are ordinarily kept
closed.

Exploratory studies and experiments in-
dicated that the benefits of using earth-
stored heat and cold would be limited, and
the best that could be expected is that the
system might obviate the use of ceiling fans.
This has substantially turned out to be the
result; for, though occasionally the help of a
table fan has been found desirable when a.
group of people is present on a humid summer
evening, ceiling fans have not been installed.
The earth-cooled air stream has provided
reasonable comfort in summer weather. The
benefits in winter have been less marked,
though the warm air stream has certainly
helped to the extent of removing the chill
from a room on winter days. It was found
desirable to use the only fireplace in the
house during the coldest evenings for two to
four weeks.

As expected, ventilation with the ground-
warmed air in winter called for using the
adjustable grilles to direct the air stream
away from occupants in a room, whereas
summer cooling favoured projecting the
stream directly towards the occupants.
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Another outcome, not quite expected, was
the tendency of cool air to stay down in the
tunnel when the fan was not running. This
causes no difficulty in summer. In winter,
however, a natural circulation results, for
the ambient air tends to sink down through
any available opening and displaces the warm
air in the tunnel, even when the fan is at
rest. The result is that the tunnel tends to
keep a little cooler than if it were solid earth.
Furthermore, the difficulty of keeping warm
air down until it is wanted contrasts sharply
with the situation in summer when no such
difficulty arises. Probably this phenomenon
is one reason for the greater success of the
system in summer than in winter.

Finally, we may consider a line of develop-
ment which first interested the great pioneer
in thermodynamics, Lord Kelvin, but which
has only recently found practical application,
and which is as yet not a serious competitor
of radiators and fans — the * heat pump .
The heat pump in theory is a special case of
the mechanical refrigerator which is, thermo-
dynamically, a heat engine working in
reverse. A heat engine takes a quantity of
heat (Q,) from a hot source, converts a part
of it into mechanical work (W), and rejects
the remainder (Q),) as unavailable heat
energy to the cold (or cooler) sink. The
overall efficiency of a heat engine is usually
low — ranging from 8 to 30 per cent. The
refrigerator, on the other hand, takes heat
(Qg) from a cold region by the assistance of
an input of mechanical work (W). This
work converted into heat is added to (Q,)
and the total heat (Q,) delivered to the hot
region. In practice, the heat (Q,) extracted
from a cold body represents considerably
more energy than the work (W) which trans-
fers it to the hot region. The ratio Q,/W,
called the coefficient of performance (COP)
of the refrigerator, is considerably greater
than unity. Even commercially, values as
high as five or six are quite possible.

It may be shown theoretically that the
efficiency of an ideal or ““ reversible ”’ heat

engine iS given by Erey. = B]—_‘l” which is the
e 1
same :J.SQIQ—Q“1 where Q, and Q, are the
1
quantities of heat taken from and rejected
to the source and sink which are at tem-
peratures T; and T, respectively. Corres-
pondingly the COP of an ideal refrigerator

is given by COPpey, = Ty which is the same

T,-T,
as - Qs . Thusasmall temperature difference
Q1—Qe

or range of T;—T,, which is the basic reason
for a low engine efficiency, is also the basis
for a high coefficient of performance in a
refrigerator. Advantage is taken of this
relationship in the heat pump which, working
within a comparatively small temperature
range, can be used for both summer cooling
and winter warming. Insummer it ‘“pumps”
heat from the inside of the house to the
outside and vice versa in winter.

It would seem, therefore, that where only a
few degrees of heating or cooling is required,
a suitably designed heat pump should call for
very little power input. To be specific, if
we take as an all-year-mean temperature
75°F. and suppose that the range within
which our heat pump is to operate is +20°,
we find that this range is less than 4 per cent
of theabsolute temperature, and that the ideal
COP would be over 25. It may be worth
while to note that since (Q,) is always greater
than (Q,), the heating (COP) is always greater
than the cooling (COP) for the same system
operating in the same temperature range.
This difference becomes less significant as the
operating temperature range is reduced.

We cannot expect a (COP) of anything
like 25 in practice, for there are losses due to
friction and the presence of heat-transfer
temperature differentials. If we designate
the extra work done to cover these losses by
L, then the actual COP would be given by

COPyet.= where Q stands for either Q,

_Q
Wi+L’
or Q, and Wj the work input required for an
ideal heat pump. This may also be written

as where T stands for either T, or

L
AT— Q»T

T,, according to whether we are heating or
cooling the rooms, and AT is the operating
temperature range. Remembering that the
losses always function in such a way as
to hinder the operation of the machine,
the corresponding actual efficiency of the
same apparatus, used as an engine after
making necessary mechanical. alterations,

would be Eff.m,:A_T__I‘

T O
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A reasonable practical assumption is that
at least half the input power to the heat
pump should be consumed usefully in pump-
ing heat. In such a case the losses L should

at most be equal to W; or A;l‘ should be at

T

least as much as This assumption would

L
Q
call for a heat pump whose actual (COP)
would be not less than half the ideal value.
If it were operated as a heat engine, its actual
efficiency would be almost zero.

This analysis indicates that in order to
achieve the most advantageous heat pump,
we should try to design and construct a
heat engine with the lowest possible Carnot
or ideal efficiency. This ideal efficiency de-
pends of course on the operating temperatures
only. '

1{, reasonable question for investigation,
therefore, presents itself: within how small
an operating temperature range AT is it
possible to make a heat engine which can
continue to run itself at an operating speed
representing a reasonable requirement ? The
desired heat pump should then be such an
engine working in reverse.

In Europe and North America, the func-
tion of the heat pump has been chiefly that
of winter warming, and the overall operating
temperature range is much more than 20°,
The equipment employed use liquid-vapour
refrigerants — *“ Freon 12" in particular —
and a considerable part of the operating
temperature range for the refrigerant must
necessarily be assigned to the heat transfer
differentials at both the heating and cooling
ends of the system.

In large plants, the ready availability of an
adequate outside source of heat ( or a sink in
summer time) has constituted a major prob-
lem. Usually well-water is used. In small
plants for private homes this problem is
apparently less acute, and even collection of
heat from the ground around the house has
proved quite feasible. The relative cheap-
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ness of coal, oil and gas, nevertheless, have
discouraged the widespread adoption of the
heat pump as a heating device.

Since it is air that we wish to cool or warm,
the question arises as to whether or not the
use of the room air itself as the ‘* refrigerant
is a practical possibility. Air compression
systems have been used to produce ice, but
have generally not been as practical or as
efficient as vapour compression systems.
The large air volumes and the extensive
metal-to-air transfer surfaces involved have
called for rather bulky equipment.

Theoretically it should be possible to com-
press room air nearly isentropically, cool it to
ground temperature by passing it through a
conduit buried in earth, and then in the
process of returning it to the room expand it
isentropically again, thus cooling it below
ground temperature. For winter warming,
the compression and expansion would be
interchanged, so that the air delivered to the
room would be warmer than ground tem-
perature. Ior the suggested 20°F. or roughly
4 per cent temperature change, these opera-
tions would involve approximately a 10 per
cent change of density and 14 per cent
change of pressure, the latter amounting to
about 2 1b./sq. in.

The equipment called for would be a
compressor and a slightly lower capacity air
motor working together and involving large
volumes of air with small pressure differences.
How nearly the suggested small temperature
range of 20° can be achieved with a self-
operating air machine working as an engine
is a matter of design and experimentation.
Points in favour of an air heat pump are:
(1) it is admirably suited to the practice of
non-continuous operation, and (2) the losses
of cooling range due to heat transfer dif-
ferentials should be very little indeed —
being practically restricted to the transfer,
in the conduit, to or from the ground. If
such a system could be developed which
could run with reasonable economy on the
power of a 100 or 150 W. motor, it should be
a boon to many homes in the subtropics.
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RockET PrRoPULSION, by Eric Burgess ( Chap-
man & Hall Ltd., London), 1954, pp.
235. Price 21s.

This book provides a concise and fascinating

account of a very live subject. Almost

every aspect of the rocket propulsion has
been covered. Most of the unnecessary
mathematical and engineering details have
been profitably kept to a minimum. The
possibility of the application of atomic
energy for inter-planetary travel has also been
dealt with. There are four useful appendices
provided in the book. Of these, the first
three give the salient points regarding the
internal ballistics of the rocket.

This book will be useful to those who
contemplate a serious study of rockets and
rocket propulsion.

KARTAR SingH &
K. R. KARMARKAR

Srot TEsTs, by F. Feigl ( Elsevier Publish-
ing Co., Amsterdam; Distributors: Cleaver-
Hume Press Ltd., London), 1954, pp.
xii 4 518. Price 45s.

First published in 1931 under the title Spot

Tests, this book, now in the fourth edition, has

expanded into two volumes. The study of

intermediate successive editions and of com-
panion volumes dealing with “ Specificity,

Sensitivity and Selectivity of Reactions '

by the same author indicates the tremendous
growth the subject has undergone. The
author points out in the early chapters of the
book that spot reactions are conducted with
micro-drops, i.e. in volumes from 0-03 to
0-001 ml. and the identification limit is of
the order of 0-2 ( dilution limit 1: 250,000 ).
This places in the hand of the analyst an
extremely valuable and powerful tool for
conducting analysis of a bewildering variety
of materials that he is called upon to carry
out in the course of his professional work.
Feigl has shown that identification and
dilution limits obtainable with spot tests
are comparable with the classical methods
of qualitative microanalysis, e.g. the techni-
que of identification of crystals under the
microscope.

A successful spot test technique employs
the medium of spot plate or filter paper
followed by a series of reactions which may
involve masking, adsorption, or catalytic
effects. These, if diligently and intelligently
carried out, can lead to the indication for
absence or presence of a particular ion, which
may have to be shifted from amidst a large
variety of materials present; some of these
may be capable of interfering with the course
of the reactions. It is, therefore, necessary
to be clear about the physico-chemical pro-
cesses and theoretical considerations in-
volved. In the present edition, as in the
previous editions, the first two chapters have
been devoted to the theory and working
technique. These chapters also include a
description of the range of apparatus (all
this can be easily built up in a laboratory ),
that is usually employed for spot test work.
The next two chapters are devoted to the
tests for cations and anions. Under each
ion, specific methods and limits of identi-
fication and theory of the reactions along
with possible sources of interference are
given. Three further chapters give the tests
for free elements, analysis of mixtures by
spot tests and application of these reactions
to various technical materials. However, the
scheme of analysis for alloys and steel evolv-
ed by late Dr. B. S. Evans and his colleagues
of the British Armament Research Depart-
ment does not find a mention in the book.

Thus anybody seeking the aid of a suitable
technique for analytical problems in hand
will receive through this book a clear guid-
ance to avoid the pitfalls. The more en-
quiring minds will find a fascinating vista
in the companion volume Specific, Sensitive
and Selective Reactions by the same author.

The book is well printed and bound in a
flexible and durable cover.

M. R. VErRMA

DER ULTRASCHALL UND SEINE ANWENDING
IN WISSENSCHAFT UND TECHNIK, by
Prof. Ludwig Bergmann ( S. Hirzel Verlag,
Stuttgart ), Sixth Edition, 1954, pp. 1114

The treatise under review is the sixth revised

and cnlarged edition of Prof. Bergmann’s
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celebrated work on ultrasonics. The pre-
vious edition published in 1949 covered
748 pages and incorporated a bibliography
of 2322 references. The present work covers
1114 pages and incorporates 5162 references.

The subject of ultrasonics has grown so
fast during the last two decades that workers
in the field have had to refer to voluminous
original references even for ordinary details.
This work fulfils the keenly felt need for a
comprehensive and up-to-date treatise on
the subject. The author has included in
the text most of the important advances
made in the field of ultrasonics during
recent years. The book has been brought
up to date (March 1954) by including in
the bibliography a list of about 600 papers
published during the period the book was
under print.

During the past twenty years, Prof. Berg-
mann, who has himself contributed largely to
the subject of ultrasonics, has, through these
treatises, raised the subject of ultrasonics
from an unknown and obscure position to
the present prominent place it occupies.

This book is a treatise of outstanding
merit and will be welcomed by research
workers in the field. It is also a useful work
of general reference since there are several
pages devoted to the applications of ultra-
sonics in several fields, e.g. medicine, agri-
culture, etc. The book should find a place
in the libraries of all research institutions
and universities.

S. PARTHASARATHY

ANNUAL REVIEW OF BIOCHEMICAL AND
ALLIED RESEARCH IN INDIA, Vol. XXIV
for 1953 — Society of Biological Chemists,
India (Sheile & Co., Bangalore), 1954,
pp. vi+202. Price Rs. 6

The Society of Biological Chemists, India,
has been bringing out a useful publication
every year in the form of an annual review.
The first issue was brought out in 1930
and consisted of 20 pages only, as compared
to the present volume for 1953 which con-
sists of about 200 pages. The present
volume comprises 14 chapters, written by
specialists in their respective fields, review-
ing in a succinct manner the progress of
biochemical and allied research in India dur-
ing 1953 in the domains of microbial, plant,
animal and human biology. The work car-
ried out by Indian workers in foreign labora-
tories is also included in the review.
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This volume follows, more or less, in the
footsteps of its predecessors, with a few
welcome additions like the special reviews
on ‘‘ Chromatography "’ and “ Food Techno-
logy . Notable omissions are the chapters
dealing with plant animal pathology and
public health aspects of food adulteration
and deterioration. It is hoped that the
above fields of work (at least their bio-
chemical aspects) would be reviewed in
the next volume.

The section on * Vitamins ’ could usefully
be broadened to include work carried out in
relation to animal hormones which are
assuming increasing importance from day
to day. The work relating to plant hor-
mones is already being reviewed in the
section on ‘‘ Plant Physiology .

Under the section “ Food Technology ”,
a sub-section could be added to deal with
the nutritional and biochemical aspects of
processed products prepared from oils and
fats, by hydrogenation or otherwise. Some
scientific work in this line is being carried out
at a number of nutrition laboratories in India.

The volume has succeeded in reviewing
the work of about 900 Indian authors pub-
lished in about 1,140 papers, and would
doubtless form a useful addition to the
reference library of workers in the field both
in India and abroad.

C. N. ACHARYA

CortoNsEED AND ITs Probucts ( Council
of Scientific & Industrial Research, New -
Delhi), 1954, pp. 64. Price Rs. 2

This booklet brought out by the Vanaspati
Research Advisory Committee of the Council
of Scientific & Industrial Research reviews
the progress made in the utilization of
cottonseed during the past fifty years, and
gives much valuable information on the
use of cottonseed and its products in food
technology.

Though India is one of the major cotton
growing countries of the world, and her
ginning industry produces about one million
tons of cottonseed, only 5 per cent of this
quantity is being utilized for the production
of oil and the rest is used mostly as cattle
feed. The target of cotton seed oil pro-
duction envisaged by the Planning Com-
mission at the end of the first five-year
period is 12,500 tons representing about
12-5 per cent of the total estimated capacity
of production of 1 lakh tons of cottonseed



REVIEWS

oil. Scientific and technological information
on the utilization of cottonseed is extensive
but scattered.

The booklet deals with the role of cotton-
seed in Indian economy, composition, storage
and processing of cottonseed, nutritional
aspects of products from cottonseed, refining
of cottonseed oil and examination of cotton-
seed and its edible products. It also contains
an appendix giving a list of apparatus, and
agents used for the examination of cotton-
seed and its products, a classified list of
manufacturers and of suppliers of equipment
for processing cottonseed and list of cotton-
seed oil mills in the Indian Union.

The publication should prove useful to
technologists and research workers interested
in the processing and the utilization of oil-
seeds and oilseed products.

SURVEY OF RESEARCH IN PLASTICS WITH
SpPeECIAL REFERENCE TO THE DEVELOP-
MENT OF Prastics INDUSTRY IN INDIA
(Council of Scientific & Industrial Re-
search, New Delhi ), 1954, pp. 156. Price
Rs. 5

The report compiled under the auspices of.

the Plastics Research Committee of the
Council of Scientific & Industrial Research
deals with all the problems of research in
the various fields of plastics. It follows, in
the main, the method of classification
followed in the Annual Reports on the Progress
of Applied Chemistry. Besides a chapter
on fundamentals of high polymers, one
chapter is devoted to natural resins and
resin-like substances, a second to naturally
occurring polymers, such as cellulose and
allied products, proteins and casein, and
rubber and its derivatives, a third to syn-
thetic polymers built from materials with
etheroid unsaturation. Later chapters are
devoted to methods of processing, machinery
and equipment, auxiliary materials for
plastics, raw materials, analysis and testing,
education in plastics and plastics industry in
India. The report also contains a special
appendix devoted to a review of the work

done under the Plastics Research Com-
mittee during the period 1940-53 and a
comprehensive bibliography of the recent
books relating to high polymers.

The research problems suggested are
grouped under five categories: (1) Funda-
mental — fields of research as may be said
to be fundamental in character; (2) Exten-
sion — fields of research in which some
work has been done elsewhere, but which
requires adaptation to Indian conditions and
raw materials; (3) Educational — primarily
intended for giving training to student
investigators to enable them to understand
the basic principles of a given process, and
to equip them for guiding industrial develop-
ment; (4) Developmental — fields of investi-
gation in which only the basic principles
are known; and (5) Process — includes such
pilot-plant work as may be required for the
industrial development and processes found
to be successful on a laboratory scale.

The report is a handy reference volume
and should prove useful to the research
worker and the technologist engaged in

-plastics research and development.

PUBLICATIONS RECEIVED

ELSEVIER'S ENCYCLOPAEDIA OF ORGANIC CHE-
MISTRY — SERIEs IIT — CarBorsocycrLic CoN-
pENSED Compounps, Vol. 12B, Edited by F.
Radt ( Elsevier’s Publishing Co., Amsterdam,
London, New York; Distributors: Cleaver-Hume
Press Ltd., London ), 1954, pp. 4561-4840, price:
Single Vol. £10 15s. Series Subscriber £9 10s.
Complete subscriber £ 8 3s.

NucLEAR Species, by H. E. Huntley (Macmil-
lan & Co. Ltd., London ), 1954, pp. xix + 193,
price 21s.

ELECTRONIC MEASURING INSTRUMENTS, by E. H. W,
Banner (Chapman & Hall Ltd., London ), 1954,
pp. xiv + 395, price 45s.

MoDERN CERAMIC TECHNIQUE APPLICABLE TO
INDIAN INDUSTRIES AND OTHER INDUSTRIAL
ParErs, by N. V. Raghunath (The Bangalore
Printing & Publishing Co. Ltd., Bangalore),
1953, pp. 65, price Rs. 3/8

Gas Dynamics oF THIN Bobpigs, by F. I. Frankl &
E. A. Karpovich ( Interscience Publishers Inc.,
New York; Agents in India: Asia Publishing
House, Bombay ), 1954, viii + 175, price § 5.75
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Development of Atomic Energy

of atomic energy for peaceful purposes was

inaugurated by the Prime Minister at the

National Physical Laboratory, New Delhi,
on 26 Nov. 1954. Among those who attended
the conference were distinguished scientists, indus-
trialists, ministers and senior officials of the Cen-
tral Government and two observers from Burma,
Dr. F. Ba. Hliand Mr. V. Hli Nyunt.

The subjects discussed at the conference included
measurement of nuclear data, choice and design of
atomic reactors, instrumentation for reactor control,
extraction of uranium and thorium, and role of
chemistry and metallurgy in atomic energy.

In his inaugural address, the Prime Minister ex-
pressed the view that development of atomic energy
even for peaceful purposes should be the exclusive
responsibility of the State not only because of the

gl TWO-DAY conference on the development

dangerous character of the work but also on account’

of the high costs involved in it. There were two
aspects of the problem: technological and scientific.
While the State would undertake the development
of technology, the study of nuclear science and
basic research in the subject should form part
of the curricula of studies of the Indian univer-
sities.

India’s plan for the development of atomic
energy was outlined by Dr. H. J. Bhabha. The
plan, directed at harnessing atomic energy for the
generation of power, is based on the utilization of
thorium, of which India has the world’s largest
deposits, as the ultimate source. The rate at
which this can be done depends, however, on the
answers to several technological problems, some of
which are known and some yet to be obtained.

Heavy water is an essential part of an atomic
energy programme and any country which desires
to become self-sufficient must make provision for
manufacturing it. Dr. Bhabha disclosed that
Government had decided to set up a fertilizer cum
heavy water plant in the Bhakra Nangal area where
large amounts of cheaper power will be available,
and where there is an adequate supply of cooling
water. The plant will produce some 250,000 tons
per annum of fertilizer in the shape of nitro-lime-
stone and from 5 to 6 tons of heavy water per
annum.

The basic raw materials required for atomic
energy production are minerals and ores containing
uranium, thorium, beryllium, lithium and zirconium.
There are besides, a number of accessory natural
mineral substances required for production and

586

utilization of atomic power. The papers read at
the conference revealed that India’s resources in
zirconium and lithium are ample while in respect of
beryllium, the Archaean crystalline rocks of India
carry this mineral in quantity sufficient to last for
many years. The demand for beryl, both for
commercial and strategic purposes, is growing and
fresh deposits are being discovered, but India is
likely to preserve its lead as one of the world’s most
important producers. Monazite, which occurs in
the black sand deposits of Malabar and Madras
coasts, is the principal ore for thorium metal. The
monazite at Travancore constitutes the largest
single deposit of thorium in the world. Revised
quantitative estimates of India's resources in
monazite are being made.

The papers dealing with the part played by
chemistry in the atomic energy programme empha-
sized considerable research work on developing
methods for extraction of uranium, the only
naturally occurring fuel, from very low-grade ores
which occur in India. Since thermal reactors
require the fuel, the moderator and the reflector in
a high state of purity, work must be done on pre-
paration of materials of high purity, and also on
methods for rapid and accurate estimation of small
traces of impurities. In order that a self-sustaining
chain reactor may function, it is necessary to remove
products produced as a result of fission, recirculate
uranium and isolate plutonium produced. The
chemist must provide suitable processes for the
efficient separations involved. In order that cheap
atomic power becomes possible the chemist must
also provide cheaper methods of producing the
pure fuel and of recirculating it. Thorium is also
of importance because it can breed nuclear fuel
and problems similar to those for uranium must be
tackled for this element as well. The chemist
must also study the effects of radiation and the
chemical and structural changes it brings about.

In the field of metallurgy, the problems requiring
immediate attention are improvement of the exist-
ing metallurgical processes for uranium and thorium,

development of raw materials and devising suitable

methods for fabrication. Fundamental work will
also have to be done in subjects such as diffusion,
alloy formation, power metallurgy, etc. Though
in the initial stages of development the aim would
be to make the reactor elements in as short a time
as possible, at a later stage, emphasis would be on
improving the existing processes from the point of
view of cost and efficiency.



Preservation of Fruits &
Vegetables — A Symposium

the fruit and vegetable preservation industry

were read and discussed at a two-day sympo-

sium inaugurated by Dr. S. S. Bhatnagar
at the Central Food Technological Research Ins-
titute, Mysore, on 4+ Oct. 1954. Over a hundred
delegates representing the fruit and vegetable
preservation industry and allied industries, Govern-
ment departments and research institutions from
all over India participitated in the symposium.

The proceedings were conducted under the follow-
ing 11 sections: (1) Raw materials including minor
fruits and vegetables, their survey, quality, etc.;
(2) Advancement in scientific and technical knowl-
edge of the Indian fruit and vegetable preservation
industry; (3) Quality control of manufacturing
processes; (4) Sanitation and microbiological prob-
lems in relation to the quality and shelf-life of
processed fruit and vegetable products; (5) Additives
and preservatives; (6) Nutritive value of preserved
products; (7) Application of refrigerated storage of
fruits and vegetables for the benefit of the pre-
servation industry; (8) Containers for fruit and
vegetable products; (9) Plant and equipment in
the processing of fruits and vegetables; (10) Tech-
nical information service and publicity for the
Indian fruit and vegetable prescrvation industry;
and (11) General.

To provide the industry with improved varieties
of fruits and vegetables throughout the year,
systematic research work on horticulture was
emphasized. Such work should be undertaken by
horticulturists and food technologists under the
joint auspices of the Indian Council of Agricultural
Research and the Council of Scientific & Indus-
trial Research.

Papers dealing with recent advances in India
in fruit and vegetable preservation dealt with such
developments as pre-cooked and dchydrated soup
powders, utilization of cashew apples, preservation
of dried fruits and vegetables, technology of fruit
wines, ciders, beers and liquors, brining and pick-
ling of fruits and vegetables, canning of baked
beans in tomato sauce, pectin jelly powders, etc.

A vegetable soup powder which can be readily
dehydrated in boiling water has been developed
using a combination of ingredients such as tomato,
potato, peas, starch, onions, sugar, salt and spices.
Soup powders containing 5-10 per cent hydro-
genated fat have been found to be more palatable
than those made without added fat. The fat
used was stabilized by the addition of butylated
hydroxy anisole ( BHA). Soup powders keep
well for a year under ordinary conditions of storage.

Cashew apples are an important byproduct of the
cashew-nut industry in India. The fruits do not,
however, find any important industrial use at
present. They are not used for table purposes
because of their highly astringent and acrid taste.
Nevertheless, they are very juicy and rich in
sugar and vitamin C. Recent investigations at
the Central Food Technological Research Institute

SIXTY-SIiV]iN papers dealing with problems of

have resulted in the development of palatable
products such as cashew-apple juice, syrup, candy,
chutney, jam canned fruit in syrup, curried vege-
table, and pickles. Suitable methods of brining
different materials like mangoes, bitter gourd, raw
papaya, karonda, amla, onion, cabbage, carrots
and Indian hog plums have been developed. A
solution containing salt, turmeric powder and acetic
acid gives better curing and longer storage life.

The canning of baked beans in tomato sauce,
with or without meat, is a very important industry
in the U.S.A,, Canada and several European coun-
tries. Special varieties of bean like the Canadian
pea bean, the European pearl bean and the Japanese
Ohtenashi bean are used for this purpose. In the
course of an investigation at the C.F.T.R.I., a local
red variety of field bean ( Dolichos lablab ), grown
over large arcas in Mysore State and the Deccan,
has been found suitable for canning as baked beans
in tomato sauce. This bean has, however, a slightly
bitter beany flavour, the removal of which requires
extra care. Search for other types of beans suited
for the purpose has shown that a variety of fresh
bean from Kashmir known as ‘“ earliest of all”’ gives
excellent results. The canned product is free from
any bitter or beany flavour and compares well with
products imported from abroad. Attempts are
being made to grow this variety of bean to help in
the development of the canning of baked beans in
tomato sauce.

Investigations conducted at the Punjab Agri-
cultural College & Research Institute, Lyallpur
( Pakistan ), on the pectin content of fruits have
shown Valencia Late sweet orange, King mandarin,
Thompson grape-fruit, Meyer lemon and Galgal
(Circus limonia Osbeck) to have the pectin
content. Pectin derived fromcitrus fruits has proved
a good substitute for gelatin for use in jelly crystals.
Recipes for a number of products, such as high-
solids jelly powders, 15 per cent sugar jelly powders,
non-sugar jelly powders, etc., have been standar-
dized.

Studies on micro-organisms causing spoilage of
canned products have resulted in the isolation of
the following strains: Bacillus ceveus var. mycoides
and Microcus candidus from potato; Bacterium
Zopfi and Zenkeri from beet; Alacligenes viscous
and Alacligenes marsheltie from carrot; Aerobacter
cloacae from patal and squash; and corynebacterium
helvolum from radish. A heat-resistant strain of
Bacillus coagulans was isolated from spoiled cans
of cauliflower. The organism grows in salt con-
centrations up to 6 per cent and in sucrose con-
centrations up to 60 per cent, and can withstand
110 min. heating at 100°C. Besides, strains of
Bacillus subtilis and Bacillus polymyxa have been
isolated from cauliflower and peas respectively.
A correlation observed between maximum growth
temperature and thermal resistance suggests the
probable existence of even more resistant strains
among the facultative and obligatory thermo-
philes.
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Many of the common fruits and vegetables cannot
be grown without the use of insecticides. Insecti-
cides that are being used at present, persist as
residues, even after the fruits and vegetables are
washed and cooked. It was pointed out that the
indiscriminate use of DDT on potatoes and other
fruits and vegetables is likely to affect the
health of the consumers. There is need, therefore,
for vigilance on the part of the manufacturers. Me-
thods to detect contamination by injurious insecti-
cides have been developed at the C.F.T.R.I.

Additives have been looked upon as food ad-
juncts or accessories having but a meagre role in
nutrition and useful only in flavouring otherwise
bland foods. Recent studies have, however, shown
their importance in nutrition and their effect on
digestion.

Saffron, nutmeg and asafoetida, used in Indian
homes as flavouring agents, were tested by specially
designed methods. Whereas saffron and nutmeg
have been found to prolong the generaticn time of
some spore-forming bacteria, asafoetida does not
appear to possess any ‘ preservative’ action.
Saffron activates pancreatic amylase in its digestion
of starch but its effect on proteolytic and lipolytic
enzymes is negligible. Nutmeg has been proved
to be generally depressing whereas asafoctida does
not appear to exert much influence on digestive
enzymes.

A stable vitamin C concentrate has been prepared
from the juice of amla (Emblica officinalis) by
spray drying juice containing 20-25 per cent sodium
chloride. The product does not absorb moisture
when exposed and is fairly stable, the loss in
vitamin C after 6 months storage being only 20-25
per cent.

Fortification of fruit juice beyerages with syn-
thetic ascorbic acid not only improves their nutri-
tional value but also helps in the case of some
juices like those of grape and apple, better retention
of colour and flavour and vitamin. Work at the
C.F.T.R.I. on the fortification of jack-fruit squash
has shown that the temperature of storage is an
important facter influencing the retention of
ascorbic acid. At a fortification level of 50-150 mg.,
per 100 g. the percentage retention, during a
storage period of 57-60 weeks, was 50-75 per cent
at room temperature, 6-13 per cent at 37°C. and
88-98 per cent at 2°-5°C. The retention is higher
in the case of samples preserved with SO, as com-
pared to those preserved with sodium Dbenzoate.
The apparent ascorbic acid content in squash
stored at room 'temperature and at 2°-5°C. was
5-5-12-2 per cent and 3-6-11-9 per cent respectively.
Addition of 100-150 mg. of ascorbic acid per 100 g.
of squash is recommended for jack squash.

Studies have been conducted at the Institute of
Science, Bombay, on two commercially important
varieties of mangoes, Badami and Raspuri, to
determine the influence of canning operations on
the overall nutritive value. The samples were
analysed for carotene, ascorbic acid, proteins,
acidity, sugars ( reducing, non-reducing and total ),
ash, calcium, iron and phosphorus. The retention
of carotene and ascorbic-acid has been found to be
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excellent, while in the case of other nutrients no
material change has been noticed.

Refrigerated storage of fruits and vegetables and
problems dcaling with their refrigerated transport
were discussed in several papers. Although much
data has been collected on the cold storage beha-
viour of several varicties of fruits and vegetables,
information on potential market life is not readily
available. Quick {reezing of fruits has been found
to yield relatively more juice. Studies carried out
with amla, mangoes, cashew-apple, lemon and
oranges have shown that 14-20 per cent more juice
can be obtained by quick freezing these fruits at
—20°F.

The problem of evaporator design was discussed
in relation to the need for the most economical
units for production of particular kinds of products.
At present, evaporator improvement is particularly
directed at economies in manufacture and operation.
1t was pointed out that although evaporation forms
the most important operation in the production of
fruit juice concentrates, the evaporator must be
considered in relation to the complete process.
The tremendous strides made in controlling pro-
cesses have invariably had a bearing on evaporator
design. But, the production gencrally envisaged
in India is far below what is usually considered
an ‘‘ economic operation ”’ in America and Europe.

In addition to chemical and biological factors,
the method of drying adopted and the type of
dryers used affect the quality of the dehydrated
product and economies of operation. The selection
of dryers depends on the maintenance of the most
suitable conditions of drying for the material
handled and also on the scale of operations. There
have been improvements in the design of dryers to
secure economies in drying cost. These, however,
are mostly manufactured for outputs which it is
not always possible to obtain in widely scattered
localities in India. Tunnel drying has been the
usual practice and some improvements have been
effected in the design of dryers for this purpose.
The use of modern turbo-dryers presents great
advantages in economy and quality of production
though not in initial cost. The design and cons-
truction of modern types of dechydrators with a
wider range of flexibility and with a lower output
for economic operation, to suit Indian requirements,
was stressed.

High production costs and low profits have been
the main problems of the fruit and vegetable pre-
servation industry. Several suggestions were put
forward for the extension of fruit and vegetable
preservation in India and to place the industry on
a sound footing. These include: (1) creation of a
development fund by levy of a cess; (2) setting up
of a development board to administer this fund
for effective advancement of the industry; (3) im-
port of duty-free machinery, tinplate and other
requirements of the industry; (4) exemption from
sales tax for a period cf five years; (5) availability of
sugar at world market rates; (6) improvement of
conditions of rail transport and concessions in freight
charges; and (7) inducing the army and the cantcen
stores to purchase indigenous products.
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Coal-tar oil as denaturant
for power alcohol

THE MAIN CONDITIONS WHICH A
denaturant should fulfil for use in
power alcohol are: (1) It should be
soluble in alcohol and petrol; (2)
impart a taste and smell which are
sufficiently disagreeable to render
alcohol unfit for drinking even on
dilution and flavouring; (3) should
be easily detected; (4) should net
be highly poisonous; (5) it should
be of indigenous origin, cheap and
available in sufficient quantity;
(6) it should not corrode metals
during storage of power alcohol in
metal containers and its products
of combustion should not be corro-
sive; and (7) it should not be easy
to separate it from alcohol.

No denaturant satisfies all the
above conditions. Different subs-
tances have been used as dena-
turants for alcohol. In Bihar and
U.P., kerosene oil (1 per centv/v)
is employed. But it is not quite
satisfactory. Coal-tar oil is being
employed in France and Australia
for denaturing alcohol but details
as to its suitability and the amount
required for denaturation are not
known. It was, therefore, consi-
dered of interest to see if distil-
lates from Indian coal-tar can be
used for the purpose.

A sample of light creosote oil
obtained from Messrs Shalimar
Tar Products Ltd., Lodna, Bihar,
was used in these studies. The
oil was made neutral by repeated
washing with 10 per cent (w/w)
caustic soda solution and distilled.
Four fractions, i.e. distilling be-
tween 165° and 230°, 230° and
270°, 270° and 300° and 300° and
330°C., were collected. Different
proportions of these fractions,
varying from 0-1 to 2 per cent
(v/v), were dissolved in alcohol
and the solutions examined for
colour, turbidity and smell. The
denatured alcohol was distilled
till 50 per cent of the amount

" taken distilled over and the dis-
tillate examined as before.

These tests showed that the
optimum amount of any of the
fractions to be used for effectively
denaturing alcohol was 0-3 per
cent (v/v). At this level, the
denaturant imparts a distinct
yellow colour and sufficient dis-

agreeable smell to alcohol which
on dilution becomes turbid. 1t is
difficult to remove tar oil by dis-
tilling denatured alcohol as the
disagreeable smell persists in the
distillate. The distillate also turns
turbid on dilution. The presence
of denaturant can be easily detect-
ed by the violet colour of the solu-
tion when a few drops of concen-
trated nitric acid are added to a
small amount of denatured alco-
hol.

Since the denaturant is used in
power alcohol, it is advisable to
use the lower boiling fraction of
neutral creosote oil, 1.e. the frac-
tion distilling between 165° and
230°C. As kerosene with a boiling
range up to 280°C. is employed,
tar oil fractions distilling up to
280°C. may be employed.

The various coal-tar oil distillate
fractions are being examined for
their sulphur content. The maxi-
mum permissible amount of sul-
phur in gasoline and motor spirit,
according to U.S. Government
specifications, is 0-1 per cent. In
Bihar, petrol and power alcohol
are mixed in the proportion of
80:20. If the percentage of de-
naturant used is 0-3-0-5 per cent
on the weight of alcohol, the sul-
phur content of the fuel may be
within the permissible limits.

The author is thankful to Dr.
K. R. Krishnaswamy, formerly
Director of Industries, Bihar, for
suggesting the problem and for his
interest in the work.—S. M.
PrAsAD, Provincial Industrial Re-
search Laboratory, Patna Univer-
sity, Palna.

Durability of sandstone

INDIA HAS LARGE RESERVES OF
sandstone and in localities it
occurs, it is preferred to bricks in
building construction on account
of its cheapness, comparative
strength and stability, and attract-
ive appearance. The output of
sandstone in the country rose from
232,445 tons valued at Rs. 899,028
in 1939 to 350,477 tons worth
Rs. 4,466,668 in 1951, but there is
still scope to develop this building
material and increase its utiliza-
tion.

A knowledge of the durability
of sandstone is important in the

design, construction and mainte-
nance of buildings built with them.
Sandstone is porous, and as a
result of repeated soaking and dry-
ing, absorbs salts from soil, mortar,
backing material and other sources
which get crystallized in the pores.
This is accompanied by volume
changes in the stone, and if the
cementing material is weak, these
changes cause disintegration of the
stone.

The Central Building Research
Institute, Roorkee, is at present
engaged in formulating tests for
evaluating the durability of sand-
stone. The investigation includes
the determination of chemical
composition, bulk density, poro-
sity, water absorption and satura-
tion coefficient, and crystallization
of soluble salts. The crystalliza-
tion test affords a useful means
of differentiating between good,
moderate and poor quality sand-
stone and reveals potential sources
of weakness.

A systematic study of the vari-
ous properties of sandstone, i.e.
resistance to weathering, strength,
durability, etc., will help in
increasing its use for building
purposes and relieve to some extent
the scarcity of traditional build-
ing materials such as brick and
concrete.— N. K. PATWARDHAN
& C. A. TANEJA, Central Building
Research Institute, Roorkee.

New nuclear particles

TWwWO FUNDAMENTAL DISCOVERIES
in nuclear physics have been re-
ported recently — one by Marcel
Schein of the Chicago University,
the other by Dr. G. S. Shrikantia
from the Sydney University. Prof.
Schein’s discovery relates to the
anti-proton, the existence of which
waspredicted by Dr. Enrico Fermi.
The new event was recorded in a
special film pack carried in a
‘ Skyhook balloon *’ to an altitude
of 101,000 ft. A cosmic particle
struck a proton in the aluminium
covering the film pack. The pic-
ture that resulted shows a cascade
of very narrow V-shaped streaks
of paired electrons, positive and
negative, travelling away from the
collision. Since no charged parti-
cles were observed, Prof. Schein
assumes that it is due to an anni-
hilation process of an anti-proton
from the outer space. The energy
of the new particle has been cal-
culated to be atleast 101 to 10 ev.

Working with plates also expos-
ed to cosmic radiation, Dr. Shri-
kantia found a track which indi-
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cates a new type of meson or
meson decay. A charged heavy
meson resting in the photo emul-
sion was found to decay into three
charged particles, of which no
more than one can be a light
meson. One plausible interpreta-
tion of the nature of the decay is
via a two-stage process: the
charged heavy meson decays into
two light mesons, one of which is
neutral. The neutral light meson
then decays into two electrons and
a gamma ray which escapes detec-
tion [ Chem. Engng. News, 32
(1954), 3045 .

Synthesis of puromycin

TOTAL SYNTHESIS OF THE ANTI-
biotic puromycin has been achiev-
ed by research workers at the
Lederle Laboratories, U.S.A.
Crude methyl D-xylofuranoside
reacts with acetone in the presence
of copper sulphate and sulphuric
acid to give a readily separable
mixture of methyl 3, 5-O-iso-pro-
pylidene-a-p-xylofuranoside and
its B-anomer. Each anomer is then
used separately in the synthesis
until O-methyl is removed. 2-O-
Mesylation, deacetonation in ace-
tic acid, and oxide formation with
sodium methoxide give methyl

2, 3 - anhydro - D - xylofuranoside.

Treatment withammoniaat 100°C.
causes ring opening of the anhydro
sugar, with Walden inversion. The
product is methyl 3-amino-3-
deoxy-p-arabinofuranoside, iso-
lated as the crystalline N-isopro-
pylidene derivative.

Acetylation with acetic anhy-
dride forms methyl 3-acetoamino-
3 - deoxy - D - arabinofuranoside;
mesyl chloride in pyridine gives
methyl 2, 5-di-O-mesyl-3-acet-
amino-3-deoxy-D-arabinofurano-
side. Sodium acetate in boiling
95 per cent methyl cellosolve dis-
places the 2-mesylate with the
neighbouring 3-acetamino group
( with inversion ) and the 5-mesy-
late by acetate.

Acetylation isolates methyl 2,
5-di- 0 -acetyl - 3 -acetamino- 3-
deoxy-D-ribofuranoside. O-Deace-
tylation of either anomer of this
latter compound, O-benzoylation,
and the removal of O-methyl
group give 2,5-di-O-benzoyl-3-
acetamino-3-deoxy-a-D-ribofura-
nose. This compound, when acety-
lated with acetic anhydride-pyri-
dine, gives an anomeric mixture of
1-O-acetyl-2, 5-di-O-benzoylacet-
amino-3-deoxy-D-ribofuranosides.

When this anomeric mixture is
combined with titanium tetra-
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chloride, the chloromercury deri-
vative of -2-methyl-mercapto-6-
dimethylaminopurine and ethylene
dichloride in a 20-hr. reflux, a
crude nucleoside is obtained.
Raney nickel desulphurization
and O-debenzoylation give a com-
pound which is identical in all
respects with the N-acetyl deriva-
tive of 6-dimethylamino-9-( 3'-
amino-3’-deoxy-B-ribofuranosyl )-
purine which can be easily conver-
ted to puromycin [ Chem. Engng.
News, 32 (1954), 3259 ].

Magnesium from sea water

A NEW PROCESS BASED ON 10N
exchange for extracting magne-
sium from sea water has been
patented ( U.S. Pat. 2,671,714).
The resin which is used in a granu-
lar form is a sulphonated copoly-
mer of styrene, ar-ethylvinyl-
benzene and divinylbenzene. In
the first of the two exchange
columns sea water enters at the
bottom; in the second column a
regenerant solution of over 10 per
cent sodium ion concentration and
0:007 per cent magnesium concen-
tration ( sp. gr. 1-192) also enters
at the bottom. The resin is con-
tinuously circulated in both
columns. In the first, the sea water
by cation exchange is depleted of
magnesium ions, and the resin
from this column is picked up in a
fresh water jet and sent to the top
of the second column, where it
falls by gravity. In this column
dilution of the ultimate product
is controlled by spaced electrodes,
a difference in electrical resistance
between water and the product
solution enabling the interface
between the two liquid layers to
be controlled. The magnesium
removed from the sea water is
steadily transferred to the second
solution until it reaches a concen-
tration of 2-7 per cent, a forty-fold
concentration from the initial
level of 0-0685 per cent [ Chem.
Age, 71 (1954), 165 ].

Synergist action

IN A STUDY ON THE RELATION OF
synergists to antioxidants in fats,
it was observed that citric and
ascorbic acids substantially delay-
ed the rate of peroxide accumula-
tion during the induction period
of lard which contained pro-
oxidant levels of a-tocopherol or
N.D.G.A. While low levels (0025
per cent) of both acids showed
effective synergistic action with
a-tocopherol, higherlevelswerepro-

portionately less effective. Neither
citric nor ascorbic acid showed
any substantial effect on peroxide
development when added to lard
alone. Tocopherol was found to
have a markedly protective effect
on ascorbic acid, its oxidation
being substantially reduced in the
presence of tocopherol.

On the basis of the present
study and previous evidence, a
theory has been postulated re-
garding the mechanism of syner-
gist action. A reduced form of
free radical formed by, but not
destructive of, tocopherol probab-
ly would change rapidly in contact
with air to forms destructive of the
antioxidant and synergist alike.
Only an inhibitor for the catalysis
of peroxide decomposition would
save the antioxidant from indirect
self-destruction in a system in-
volving chain reactions. 1t is pre-
sumed that the real function of
synergist is that of an inhibitor in
the decomposition of peroxides
induced by the antioxidant [ J.
Amer. Oil Chem. Soc., 31 (1954 ),
3211

Effectiveness of insecticides

PRELIMINARY STUDIES BY THE
United States Department of
Agriculture have shown that addi-
tion of chemical extenders to some
insecticide sprays increases the
time they remain lethal against
insects. Applied as an oil-base
spray, DDT does not form long-
lasting residues on foliage because
the oil penetrates into the leaf.
However, when a highly volatile
solvent such as methyl ethyl
ketone is used instead of oil, it
quickly vaporizes when sprayed,
leaving a residue of DDT on
foliage surfaces. In comparative
tests, a DDT-oil solution sprayed
on foliage of spruce and pine trees
was effective against flies for less
than 15 days, while it was more
than 60 days for methyl cthyl
ketone sprays. With relatively
volatile aldrin and lindane, im-
provement was effected by the
addition of non-volatile solvents
like chlorinated terphenyls. In
this case effectiveness was pro-
longed from 10 days to more than
100 days [ Chem. Engng. News, 32
(1954), 3259 1.

Anti-tubercular compounds

ABoUT 50 ETHYLMERCAPTO COM-
pounds have been found to afford
protection to mice infected with
human type tuberculosis, when 0-2



per cent or less is added to their
diet. One of them — S-ethylcys-
teine (L and DL ) — is at least as
effective as pyrazinamide and
several times more effective than
p-aminosalicylic acid. Another,
S-ethyl-L-cysteine, was equally
effective against isoniazid-resistant
strains. Some may be used to
enhance the activity of isoniazid
or streptomycin. Clinical tests are
now under way to determine their
value in treatment of human
tuberculosis.

The present study grew out of
the observation that growth of
certain nitrifying bacteria was in-
hibited by several alkylmercapto
acids. A systematic investigation
has also been undertaken of the
relationship of structure to in
vitro anti-tuberculosis activity of
derivatives of B-ethylmercapto-
propionic acid. Substitution of
various terminal alkyl groups
( methyl through octadecyl) on
the sulphur atom gives activity
only with the C,H; homologue.
Varying the distance between
sulphur and carboxyl to give mer-
captoacetic through mercapto-
valeric acids indicates that the
B-relationship between sulphur
and carboxyl is essential. Replac-
ing carboxyl by -CH,OH, -CHO,
-COOR does not destroy activity.
In general, structural modifica-
tions which decreased the tendency
for cleavage of the C,H;-S-R
homologue decreased anti-tuber-
culosis activity [ Chem. Engng.
News, 32 (1954 ), 2964 ].

Maintenance of cultures
by freeze drying

A DISCUSSION ON THE MAINTE-
nance of Cultures by Freeze Drying
was arranged in London in Sep-
tember 1953 by the Permanent
Committee of the British Common-
wealth Collections of Micro-orga-
nisms. In some respects the dis-
cussion formed a natural sequence
to the symposium on ‘‘ Freezing
and Drying " arranged in 1951 by
the Institute of Biology. Papers
presented before the meeting
together with a full record of the
discussion have been published
( H.M.S.0., London, 1954, price
5s.). The papers submitted in-
cluded: (1) Maintenance of Cul-
tures in U.K.; (2) Outline of Dry-
ing Method Used in the National
Collection of Type Cultures ( 1950-
53); (3) Notes on the Freeze Dry-
ing of Brucella abortus S. 19
Vaccine; (4) Concentration Effects
during Freeze Drying of Suspen-
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sions containing Phenol; and (5)
The Determination of Moisture in
Culture.

The discussion centred round a
number of problems relating to
freeze drying. Beginning with the
designers problem, the subjects
covered included : Effect of culture
age and growth medium on the
material to be dried; effect of the
drying process on viability; effect
of the suspending fluid on viabi-
lity ; effect of drying on the orga-
nism; survival of organisms in the
dried state; conditions of storage;
moisture content and its measure-
ment; and effect of moisture con-
tent on viability.

The young cultures are more
susceptible to drying than the
older ones and all available evi-
dence suggests that organisms in
the stationary and decline phases
are much less susceptible to che-
mical reactions than those in the
logarithmic phase. The medium
of growth, surprisingly enough, had
little effect on drying. The resi-
dual moisture seems to have vital
effect on the survival rate of an
organism, 4-7 per cent moisture
content appearing to be optimum.

Of all the suspending media
tested, nutrient gelatin was found
to be the most satisfactory, and
the incorporation of ascorbic acid
or sodium ascorbate produced an
additional protective effect. The
main value of the gelatin-ascorbic
acid technique seemed to lie in
the relatively slow deterioration
which occurred on prolonged
storage even in the absence of a
vacuum. The relative impermea-
bility and small surface area of
the gelatin pellet and the presence
of reducing substances might
help to inhibit process of oxidation
which appeared to be concerned in
bringing about the death of the
organisms during and after drying.
High survival ratio has been ob-
served with a number of organisms
when 5-10 per cent glucose or lac-
tose is incorporated in the sus-
pending medium. It is presumed
that the beneficial effect of sugars
is due to their automatic control
of residual moisture.

The problem of drying vaccinia
differ from those encountered with
bacterial cultures. Small-pox vac-
cine and some other vaccine seem
to preserve well when 5 per cent
bacteriological peptone is incor-
porated in the medium.

In the preservation of micro-
organisms it is not only necessary
that the cultures should maintain
their viability over prolonged

periods, it is equally important
that the cultures should show
stability of their metabolic and
morphological characters. Freeze-
drying is as efficient or superior
to other soil and sand culture
methods for the preservation of
micro-organisms. However, in
spite of good viability, a loss in
ability to produce certain meta-
bolic products has been observed,
especially with highly selected and
unstable strains.

Dried cultures keep perfectly
well at room temperature if they
are kept in the dark, but die
quickly if exposed to daylight.
Cultures keep best when stored in
ampoules under vacuum.

Orange juice concentrates

A NEW METHOD OF PRODUCING
concentrated orange juice that
retains about 93 per cent of the
flavour has been announced. The
“ Hi-ester Retention Process "’ in-
volves the continuous freezing out
of the unwanted water. The juice
is frozen to a sherbet consistency
at 27°-27-5°F. under constant
agitation. The mixture is then
centrifuged. The ice phase con-
tains about 85 per cent of the
original juice, while the liquid
phase or supernatant contains
about 15 per cent. The super-
natant liquor containing 93-95 per
cent of the volatile flavour esters
and 30 per cent sugars is stored in
a vapour-proof cold-wall tank,
under nitrogen. The ice phase
which contains only a trace of
flavour oils and about 84 per
cent sugars is evaporated under
vacuum and the evaporator resi-
due containing about 57 per cent
sugars is combined with the
flavour-rich supernatant to form a
3:1 orange juice concentrate of
42°Brix. Since efficiency gains are
made in the evaporation step, the
increased operating costs of the
process are not appreciable, the
difference being less than 0-0015
cent additional per six-ounce can
[ Chem. Engng. News, 32 (1954 ),
3132].

New aluminium paints

TwWO NEW TYPES OF ALUMINIUM
paste pigments have been recently
introduced which, although similar
in respect to fineness and covering
power, gives a specular reflectance
that is 50-200 per cent greater
than was available with previous
aluminium pigments, although
total reflectance is approximately
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the same. The increased specular
reflectance of paints made with
these pigments results from the
fact that the individual flakes are
smoother and more polished than
those of the regular products
which have a thickness of 0-1-1-5 i
and are 100 @ or more in diameter.
The amount of polished aluminium
pastes used per gallon of vehicle is
less than the unpolished grades.

It is probable that with flat sur-
faces, the coarser, diffusely reflect-
ing pigments will continue to be
preferred. Like enamels, the
polished pastes tend to accentuate
imperfections in the surface which
would not ordinarily appear with
diffuse-type pigments.

Another aluminium paste is the
non-leafing type which fills the
need for aluminium pigments for
use in polychromatic and other
textured finishes. The non-leafing
feature also promotes excellent
adhesion when used as a primer.
Non-leafing paints find many
applications where the outstand-
ing moisture impedance and pro-
tective properties of aluminium
paint are desired without the
aluminium colour [ Aluminium
News, 7 (1954), July ]."

Phosphorus pentoxide

PHOSPHORUS PENTOXIDE 1S IN
considerable demand as a catalyst
in the production of water-resis-
tant paving asphalts. It is also in
wider use as a drying agent, in the
production of organic esters and
polyphosphoric acids and as a
condensation and polymerization
agent, etc. To meet the growing
demand the Virginia Carolina Cor-
poration has recently started up a
special plant at Charleston, South
Carolina. Basically the process
used consists in burning of phos-
phorus in dry air and combustion
and condensation stages, the criti-
cal step being the complete drying
of the air used for the oxidation.
The feed air is blown through a
two-stage activated alumina de-
humidifier, reactivation of the
alumina in the first stage taking
place continuously. The water
content of the air is reduced to not
more than 0-0011 Ib. per 1,000 cu.
ft. of air. With more moisture in
the air, serious corrosion problems
are encountered owing to the
formation of polymers. The first
stage dryer is divided into four
horizontal stationary sections each
having an upper and lower bed of
alumina with an air space between
the beds. A rotary valve directs
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steam-heated air to the spent beds
while delivering wet air feed to the
reactivated sections. The flow of
air is through the beds and out of
the air space. Air leaving the first
stage has a dew point of —5°F.
The second stage has two absor-
bers which are used alternately
and reactivated in a batch opera-
tion. The air lecaves the second
stage with a dew point of —70°F.
and is metered with a rotameter.

The molten phosphorus direct
from an adjacent furnace is run
into a feed tank. Hot water is
then metered into the tank dis-
placing the phosphorus into the
combustion chamber. By means of
an automatic ratio controller the
air-phosphorus ratio is strictly
maintained to ensure that no lower
oxide of phosphorus is formed. In
practice the amount of air is main-
tained at 8 per cent above the
theoretical amount to produce the
pentoxide.

Combustion of the phosphorus
is effected at 3,000°F. in a chamber
10 ft. long by 4 {t. diameter, some
of the heat developed being re-
moved by water circulating in a
jacket. The gases leave the cham-
ber at 1,200°C., this also being a
critical point since the tempera-
ture drop between the chamber
and the condenser directly affects
the crystal size of the pentoxide
[ Chem. Tv. J., 135 (1954), 726 ].

Iron oxide from copperas

A PROCESS IS DESCRIBED FOR THE
production of iron oxide and am-
monium sulphate from copperas, a
waste product from the titanium
dioxide industry. Copperas in the
form of fine crystals or as a slurry
with filtrate from the process is ad-
ded to concentrated ammoniacal
liquor obtained by steam strip-
ping of gaswork ammoniacal liquor
in such quantity that the total
ammonia (free and combined )
represents up to 10 per cent excess
by weight of the quality of total
ammonia required theoretically to
react completely with the cop-
peras. The mixtureis agitated and
heated by direct steam to the de-
sired temperature, preferably be-
tween 60° and 100°C., though it is
possible to operate at room tem-
perature. The process can be con-
trolled by controlling the pH of
the mixed solution. The preci-
pitate is removed by means of a
rotary vacuum filter and washed
with warm water. An additional
15 per cent of the concentrated
ammoniacal liquor is then added

to the filtrate without further
heating and the mixture again
filtered. The filtrate substantially
free from iron is stripped with live
steam to remove excess ammonia,
and the ammonium sulphate con-
centrated and crystallized.

The combined precipitates are
mixed with burnt oxide or with
solvent extracted spent oxide,
adjusted to the desired moisture
content and spread in the air to
complete the oxidation of iron to
ferric state. Alternately the com-
bined precipitates may be mixed
with peat or saw dust in the ratio
2:1 and used for the purification
of coal gas | Chem. Age, 71 (1954 ),
286 ].

New process for
carbon blacks

INCREASED YIELDS AND OTHER
advantages are claimed for a new
process for carbon black produc-
tion — termed the Lynn Furmatic
method — developed by the Lynn
Carbon Black Co. Designed to
operate entirely on natural gas, or
a mixture containing as much as
50 per cent oil, the process makes
a black composed of channel, fur-
nace, and a catalytically cracked
type of carbon black. Key engi-
neering features include specially
designed burners, a zoned furnace,
and two-stage air cooling of the
product gases. The type and
amount of carbon black recovered
are a function of the air-gas ratio
and temperature-pressure relation-
ship, all of which are automatically
controlled and may be varied as
required. In general, two types
of products will be made per
run.

Product gases containing carbon
black are cooled to 1,000°F. in the
primary air cooler, pass through
four cyclone separators in series,
and leave the secondary air cooler
at 275°F. Dust tube collectors
catch the final product for pelletiz-
ing, although a fluffy product can
be manufactured. Part of the
total production comes from the
initial cyclone separators. Furnace
temperature may be controlled
precisely, leading to formation of
carbon black above the burners in
the lower region of the furnace, by
dissociation, requiring a somewhat
lower temperature than pure ther-
mal cracking.

Thermal cracking occurs in the
upper zone of the furnace, which
contains a hood which also acts as
a catalyst for cracking the unburn-
ed gas.



Average yields have been esti-
mated at 12 lb. of carbon black per
1,000 cu. ft. of gas, compared with
about 7-4 lb. for the furnace pro-
cess, and 1:9 1b. for channel plants.
Operating costs have been esti-
mated at 60 per cent of the con-
ventional furnace type process.
Capital investment for large-scale
plants has been forecast as 30 per
cent less than for the furnace pro-
cess [ Chem. Emngng. News, 32
(1954), 3294 1.

Determination of morphine

MORPHINE FORMS A STABLE GREEN
complex when iodic acid is added
to its acidified solution followed by
the addition of an ammonium
bicarbonate-nickel chloride re-
agent. This iodic acid-ammonium
carbonate-nickel salt reaction has
been adopted for the routine spec-
trophotometric determination of
morphine; the method is sensitive
down to about 0-005 per cent of
morphine in solution and 0-03 per
cent of morphine can be deter-
mined with an accuracy of --2
per cent. The advantages of the
method are its specificity and the
low absorption intensity of any
background colour in the region
of maximum absorption of the
stable green complex. The pH
for the 1odic acid reaction should
be below 1:6, and the optimum pH
range of the absorption intensity
is 8:00 4- 0-05. Of the bases oc-
curring with morphine in nature
only pseudomorphine interfered
weakly. The method has been
used for the rapid determination
of morphine in opium and poppy
capsule [ J. Pharm. Pharmacol.,
6 (1954), 590].

High-temperature
X-ray camera

A X-RAY CAMERA CAPABLE OF
operating at temperatures up to
2,200°C. is described. It consists
of three parts: the base, the top
cover and the film holder. All the
facilities and working parts are in
the base with the exception of the
thermocouple vacuum gauge at
the top window. The top cover is
mounted on the base with an O-
ring seal and the film holder
slides over the top cover into its
correct position. The camera is
water cooled with coils mounted on
the base and the top cover. It can
be used with vacuum or an inert
atmosphere of helium or argon.
The X-rays pass through a tube
guide mounted on the film holder
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and then through a small beryl-
lium disc and a collimator, strike
a rotating sample and are diffract-
ed through a beryllium window.
The camera gives an unobstructed
picture from 8° to 172°.

The heaters are two 0-005 in.
tantalum strips bent into a shape
resembling an old-fashioned key-
hole, their ends fitting into slots in
two parallel vertical tantalum
power leads.

The X-ray beam is collimated
by passing through a 0-025 in.
diameter hole drilled through the
lead-filled end of a stainless steel
tube and emerging through a 0-025
in. hole on the other end. The film
holder is made of a brass cylinder
with top and bottom rings which
hold a black paper-covered strip
of X-ray film on its surface.

Before operating, the camera is
purged and filled with helium or
argon. Water is allowed to pass
through the cooling coils and the
power fed to the heaters. The film
holder is then slid into place and
exposures made. A number of
successive exposures can be made
at different temperatures without
disturbing the camera by simply
removing the film holder and
changing the film. Temperature is
read with an optical pyrometer.
A number of metallic oxides and
a metal have been examined, and
room temperature parameters cal-
culated from their patterns agree
well with those obtained in stan-
dard cameras [ J. Amer. ceram.
Soc., 37 (1954 ), 360 ].

First oil refinery opened

INDIA’S FIRST ONE MILLION TON
per annum petroleum refinery
erected by the Standard Vacuum
Oil Co. at Trombay Island ( Bom-
bay ) was formally declared open
by the Union Minister for Produc-
tion, Shri K. C. Reddy, on 19 Nov.
1954. The refinery went on stream
in July this year, six months ahead
of schedule. The Stanvac Refinery
is the first modern refinery of this
magnitude in India. It is the out-
come of the largest single foreign
investment in India after her
independence.

The refinery will turn out every
year more than 300 million gallons
of six different fuel products by
processing crude oil which will
come mostly from the Persian
Gulf arza. These are (in million
gallons ): gasoline, 90; kerosene,
40; automotive diesel oils, 59;
industrial diesel oils, 40; industrial
fuel oils, 55; and bunker fuel, 45.

The project, it is estimated, will
result in an annual saving of more
than Rs. 120 lakhs in India’s
foreign exchange, and provide, in
addition, employment for about
500 technicians and workers.

Development of the
Indian sugar industry

THE RECENTLY CONSTITUTED
Development Council for Sugar
Industry held its first meeting in
Delhi on 9 August 1954. Among
the subjects discussed at the meet-
ing were:(i) revision of the target
of production and the establish-
ment of new factories; (ii) shifting
of unsuitably located sugar fac-
tories; (iii) investigation into the
factories lying idle; (iv) fixing
sugarcane price on the basis of
quality; (v) revision of Indian
sugar standards; and (vi) revision
of price differentials.

After the substantial increase
in the consumption of sugar
following complete decontrol in
1952-53, it was felt necessary to
revise the original target of 15
lakh tons set in the First Five-
Year Plan to 18 lakh tons. Though
the existing installed capacity of
the sugar industry is capable of
producing 15-5 lakh tons, licenses
for increasing production by c.
50,000 tons have already been
granted and applications for a
capacity of 430,000 tons have been
received by the Government. Of
these, 24 are for effecting substan-
tial expansions in existing plant,
27 for establishment of new plants
and 2 for setting up of sugar
refineries. The establishment of
sugar refineries did not receive
much support from the members,
and it was suggested that the
present factories might be asked
to utilize their plants for refining
sugar when they remain idle dur-
ing the off-season.

The Government felt that be-
sides setting up new factories
there was urgent need for utilizing
the existing capacity of the
industry to the fullest extent. The
Council has accordingly agreed to
the setting up of a Committee to:
(1) prepare a plan for shifting un-
suitably located sugar factories to
suitable sites; and (2) investigate
into the affairs of 16 factories at
present lying idle for the past
several years, with a view to
bringing them back into operation.

An important decision taken by
the Development Council was to
set up a Committee of growers and
millowners for a detailed exami-
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nation of the proposal for the
introduction of a system of pay-
ment of price for sugarcane on the
basis of its quality.

The Indian Central Sugarcane
Committee decided in December
last to adopt 15 new combined
standards for colour and grain for
crystal sugar as recommended by
the Indian Standards Institution,
from November 1955. The Indian
Institute of Sugar Technology,
Kanpur, has prepared a standard
set for the 1954-55 season. In view
of the differences between the
sugar mills and the growers about
the correct interpretation, and
impartial application of the stan-
dards, Government proposed that
a system of inspection for enforc-
ing correct grading may be adopt-
ed. The Council decided to set up
a Committee of millowners and
trade to examine the question.

Considering that the existing
state controls over molasses were
an impediment to the planned
development of the power alcohol
and sugar industries which were
centrally administered, the Council
recommended central control over
molasses. The Council also ap-
proved of a grant of Rs. 3-5 lakhs
as subsidy to the Saraya Distillery
for conducting large-scale experi-
ments on a new process for the
extraction of sugar from molasses.
The Committee have also decided
to set up a body to consider the
possibility of establishing bypro-
duct industries of sugarcane.

Protection to
calcium chloride industry

THE QUESTION OF CONTINUANCE
of protection or assistance to the
calcium chloride industry was dis-
cussed at a recent meeting of the
Tariff Commission. Shri M. D.
Bhat, Chairman, observed that the
present difficulties of the calcium
chloride industry seem to arise
mainly from lack of sufficient
demand for its product. Protec-
tion can be of little assistance
under such circumstances and the
future prospects and stability of
the industry would depend largely
on the measures which the in-
dustry would adopt to stimulate
the demand by improving the
quality of its product and reducing
the cost of its production.

The present capacity of the
industry for the manufacture of
calcium chloride of commercial
quality is estimated at 1,500 tons
per annum, while the actunal pro-
duction during the last four and

594

a half years was 1,345 tons in 1950,
959 tons in 1951, 913 tons in 1952,
733 tons in 1953 and 305 tons
during the first half of the current
year. Since the last inquiry in
1949, the domestic demand for
the chemical has considerably
declined and it may be estimated
at between 700 and 750 tons for
1954 and at about 900 tons per
annum for the future.

Heavy electrical equipment
in India

THE GOVERNMENT OF INDIA HAVE
appointed a committee to enquire
into the manufacture of heavy
electrical equipment in the
country.  The committee will
enquire into the exact require-
ments of the country in the matter
of heavy electrical equipment and
the extent to which the require-
ments can be met by current pro-
duction in India and by its possible
expansion in the immediate future.
The committee will take into
account the unused capacity avail-
able in Government establish-
ments and workshops including
State Government workshops. It
will investigate the extent of
the remaining requirements and
how this could be met speedi-
ly and economically and the
agency through which it should be
met,

Fertilizer Production
Committee

THE GOVERNMENT OF INDIA HAVE
appointed a committee to consider
and make recommendations on
various questions relating to in-
creasing the production of nitro-
genous fertilizers. The committee
will consist of Shri B. C. Mukharji,
.Chairman; Dr. A. Nagaraja Rao,
Chief Industrial Adviser to Gov-
ernment, Dr. M. D. Parekh,
Chairman of the Development
Council for Fertilizers and Heavy
Chemicals, and Shri K. C. Sharma,
Sindri Fertilizers & Chemicals Ltd.
(Members) ; and Shri I>. M. Nayak,
Deputy Secretary, Ministry of
Production, Secretary.

The need for expanding the
capacity for fertilizer production
in the country has been felt
because the current capacity is
insufficient to meet the internal
demand which is expected to rise
steadily during the coming years.
It has been estimated that addi-
tional capacity for producing 2-5
lakh tons of nitrogenous fertilizers
per year will have to be set up by
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1961. Itis proposed that as a first
step immediate action should be
taken of planning and creating
additional capacity for 1-7 lakh
tons of nitrogen per year.

Rice milling

THE GOVERNMENT OF INDIA HAVE
set upa committee to examine the
working of different rice milling
methods now in vogue in the coun-
try, with Shri C. P. Karunakara
Menon as Chairman. The com-
mittee will inquire into the various
types of rice milling methods with
respect to technical, nutritional,
consumer preference, economic
and employment aspects and make
recommendations regarding the
future policy to be adopted,
indicating the administrative,
financial and legislative measures
which should be taken by the
Central and State Governments
to give effect to them.

Arecanut development

THE FOLLOWING PROPOSALS WERE
approved by the Indian Central
Arecanut Committee which held
its sixth annual meeting in Bom-
bay: (1) Establishment of a re-
search sub-station in West Bengal;
(2) better utilization of the by-
products of arecanut conducted at
the Gauhati University; (3) collec-
tion of yield data of coconut and
arecanut in Mysore; and (4) estab-
lishment of an arecanut nursery
in Andhra State.

Duty on scientific instruments

THE GOVERNMENT OF INDIA HAVE
announced that they would, on an
ad hoc basis, exempt customs duty
on re-importation of such scientific
instruments and apparatus sent
abroad for repair provided that no
drawback of duty is admissible at
the time of export. To qualify for
exemption, it will be necessary for
a certificate to be obtained before
export of the instruments and
apparatus in question from the
Development Wing of the Ministry
of Commerce and Industry, to the
effect that the repairs to be done
to the instrument/apparatus are
such as cannot be carried out
within the country.

Solvent extraction plants

THE GOVERNMENT OF INDIA HAVE
decided to invite fresh applications
for the installation of solvent ex-
traction plants for the extraction



of residual oils from oil cakes and
expansion of the units which are
already operating or which have
been granted licences under the
Industries ( Development & Regu-
lation) Act. [Interested parties
should send their applications in
the prescribed form to the Ministry
of Commerce and Industry.

Small-scale Industries Board

A SMALL-SCALE  INDUSTRIES
Board has been set up by the
Government of India to frame and
implement programmes for the
development of small industries in
the country.

The Board will co-ordinate the
activities of the four Regional
Institutes of Technology for Small-
scale Industries which will be set
up in terms of the recommenda-
tions on small industries by the
International Planning Team of
the Ford Foundation. These Insti-
tutes are to be located in Calcutta,
Bombay, Faridabad and Madurai.
The Institutes are to assist small-
scale industries in improving their
technique of production and
management, in obtaining credit
and finance and securing impor-
tant raw materials, in marketing
their goods to the best possible
advantage and in promoting pat-
terns of development for bringing
about co-ordination in production
programmes between small and
large-scale industries.

The Board will also co-ordinate
the activities of the proposed Mar-
keting Service Corporation which
would later integrate its activities
with those of the Regional Insti-
tutes of Technology and of the
Small Industrial Corporation
which is to be set up to orga-
nize production by small indus-
tries for meeting Government
orders.

In addition to the four Regional
Institutes the Government of
India have also sanctioned four
Branch Units of these institutes
to be located in Hyderabad,
Travancore-Cochin, Bihar and
the U.P.

National Industrial
Development Corporation

THE NATIONAL INDUSTRIAL DEV-
elopment Corporation was regis-
tered as a private limited com-
pany on 20 Oct. 1954 under the
Indian Companies Act. The Cor-
poration has a share capital of
Rs. 1 crore, of which Rs. 10 lakhs
have been subscribed.

NOTES & NEWS

Indian Rubber Bulletin

THE SPECIAL NUMBER OF THE
Indian Rubber Bulletin ( No. 68,
Sept. 1954 ) published by the
Association of Rubber Manufac-
turers in India carries articles pre-
senting an account of the develop-
ment and progress of the rubber
industry in India in the fields of
mechanical rubber goods, rubber
insulated cables, footwear and
waterproof fabrics. There are also
articles dealing with raw materials
and rubber machinery design as
well as on the important subject
of standardization and quality
control.

The bulletin, a monthly, is pub-
lished from 57-B Free School
Street, Calcutta 16.

Scientific Publications
in South Asia

THE INDIAN LIBRARY ASSOCIA-
tion, with the assistance of Unesco,
has published Vol. 1 of a Union
Catalogue of Learned Periodical
Publications in South Asia ( Prin-
cipal Editor: Dr. S. R. Ranga-
nathan, Indian Library Associa-
tion, Delhi, 1953, price Rs. 25)
covering the physical and biologi-
cal sciences. The catalogue covers
175 libraries in India and 74 in
Indonesia, Malay, Burma and
Ceylon. The catalogue is arranged
according to the Colon Classifica-
tion, and indicates the status or
subject of specialization of the
library, as well as the holdings.
The catalogue is the first of its
kind published in South Asia and
should prove useful to research
workers in the region.

Announcements

Nobel Prize Awards, 1954 — The
Royal Swedish Academy of Sci-
ence has announced the following
Nobel Awards for the year 1954:

Chemistry — Prof. Linus Carl
Pauling (53) of the California Ins-
titute of Technology for his
research into the nature of the
chemical bond and its application
to the elucidation of the structure
of complex substances. This refers
chiefly to his work into the struc-
ture of protein, the key component
of living matter.

Prof. Pauling began his career
with research into the nature of
the chemical bond which led to a
study of metal bonds and the
nature of metals. In 1925, Prof.
Pauling received his doctorate
from the California Institute of

Technology. He took postgra-
duate courses at the Universities
of Munich, Copenhagen and
Ziirich. Since 1937 he has been
Director of the Gates and Crellin
Laboratories of the California Ins-
titute of Technology and has been
Chairman of the Division of Che-
mistry and Chemical Engineering
since 1931.

Physics — Prof. Max Born (72)
for his fundamental research in
quantum mechanics, especially for
his statistical interpretation of the
wave function and Prof. Walter
Bothe.(63) for the coincidence me-
thod and his discoveries made with
this method. Professors Born and
Bothe belong to the generation
of German scientists who during
the years 1920-30 laid the founda-
tions of modern nuclear physics.

Prof. Born studied at the Uni-
versities of Breslau, Heidelberg,
Ziirich, Goettingen and Cambridge.
He became a British subject in
1939 and until recently held a
Chair in Mathematical Physics at
Edinburgh University.

Prof. Bothe, born in Oranien-
berg, Germany, was educated at
the University of Berlin. Since
1934 he is the Head of the Institute
for Physics of the Max Planck
Institute for Medical Research in
Heidelberg.

Medicine & Physiology — Dr.
John Franklin Enders of the Har-
vard University Medical School
and his collaborators, Drs. Thomas
H. Weller of the Harvard School
of Public Health, and Frederick
Robbins of the Western Reserve
Medical School, Cleveland, Ohio.
The three doctors were honoured
for their discovery of the ability of
the poliomyelitis virus to grow in
cultures of different tissues.

Dr. Enders, Dr. Weller and Dr.
Robbins discovered that the virus
could be grown in test-tubes on
bits of human testicular or money
tissue. The technique has made
possible the preparation of a safe
and effective polio vaccine and has
provided a rapid and simple
method for identifying the difer-
ent types of polio virus.

The technique marks a new
landmark in medicine in as much
as it has revolutionized virus re-
search. Since it was first announc-
ed in 1949, it has become one of
the most effective weapons in the
fight to eradicate not only polio,
but a host of other virus infections.

A symposium on Recent Advances
inthe Biochemistry of Vitamins will
be held during the Easter of 1955

595



J. SCI. INDUSTR. RES,, VOL. 13A, 1954

under the joint auspices of the
Society of Biological Chemists,
India, the Royal Institute of Che-
mistry (Deccan Section), the
Indian Medical Association ( Ban-
galore Branch) and the Indian
Dairy Science Association. Abs-
tracts of paper relating to original
contributions on: (a) methods in
vitamins research, (b) biological
role of vitamins, (c) vitamins in
nutrition and medicine and (d)
vitamins in food technology may
be sent to the Hon. Secretary,
Saciety of Biological Chemists
(India ), Indian Institute of Sci-
ence, Bangalore 3, to reach him by
the 31st January 1955.

Rewards for Discovery of Uranium
Deposits — The Government of
India have announced awards
ranging from Rs. 100 to Rs. 1,000
to persons discovering new depo-
sits of uranium and bringing sam-
ple of the ore or ore-bearing rocks
to the notice of the Department
of Atomic Energy. The amount
of the award will be determined
by the extent of ground covered
by the new deposit, the grade or
value of uranium contained in it,
and the distance from the nearest
deposit of uranium ore already
known to the Department of
Atomic Energy. Samples (at
least 1 1b.) with applications for
rewards should be addressed to the
Secretary, Department of Atomic
Energy, Government of India,
Bombay 1, or to the Geological
Adviser, Department of Atomic
Energy, Government of India,
New Delhi.

International Congress of Pure and
Applied Chemistry, Ziivich, 1955—
In response to a request from the
Executive Committee of the Inter-
national Union of Pure and
Applied Chemistry, the Ministry
of Natural Resources and Scientific
Research have assigned to the
Council of Scientific & Industrial
Research the work of scrutinizing
and forwarding scientific papers
received from contributors in
India for the forthcoming XIV
International Congress of Pure
and Applied Chemistry to be held
in Ziirich from 21 to 27 July 1955.
The papers together with their
abstracts (¢. 250 words) will be
received by the Secretary, C.S.I.R.,
Old Mill Road, New Delhi, up to
15 January 1955.

Obituary: Dr. Enrico Fermi—

By the death on 28 Nov. of Dr.
Enrico Fermi at the age of fifty-
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three, nuclear physics has lost one
of its most distinguished research
workers.

Dr. Fermi was born in Italy
where he received his education
and spent the first years of re-
search. In 1938 he was awarded
the Nobel Prize in Physics. He
went to the United States the
following year where he carried
out early research on atomic
bomb at the University of Chicago
and built United States’ first
nuclear reactor. In November this
year he was awarded a special
prize of § 25,000 by the American
Atomic Energy Commission.

At the time of his death Dr.
Fermi was Professor of Physics at
the University of Chicago’s Insti-
tute for Nuclear Studies.

INSTRUMENTS AND APPLIANCES

BioroGicAL ASsAY APPARATUS

The automatic biological assay
apparatus developed in the Phar-
macological Department of Uni-
versity College, London, and
manufactured by Casella ( Elec-
tronics ) Ltd., London { Agents
in India: Associated Instrument
Manufacturers ( India ) Ltd., New
Delhi ] is designed to improve the
accuracy, speed and convenience
of measurement of the activity
of drugs on isolated organs.
The principle consists in con-
trolling the flow of drug and wash-
ing the solution into and out of
the isolated organ bath using elec-
tromagnetic valves which com-
press rubber tubing. The cycle

hasbeen divided intoseveral stages.

The time required for each of
these operations is independent-
ly variable over a thousand-fold
range by adjusting the relevant
controls on the panel which regu-
late the time interval between the
pulses sent out by the timer to the
uniselector switching device. The
wide range of times has been intro-
duced to make the apparatus
adaptable enough to be used with
any isolated preparation likely to
be encountered in bio-assay work.

Some typical examples of the
use of the apparatus are standard
assay of posterior pituitary ex-
tract on guinea-pig uterus, test
of activity of an antispasmodic
drugon rabbit intestine, four-point
assay of histamine on guinea-pig
ileum, potentiation or antagonist
experiments, etc. The apparatus
as supplied is described as parti-
cularly suitable for three or four-
point assays involving the repeti-

tive addition of a limited number
of drug solutions.

NEw SamMPLE COUNTER

A new completely sealed auto-
matic flow counter has been intro-
duced by Tracerlab Inc., U.S.A.
The new unit, which accommo-
dates up to 25 samples, makes pos-
sible the obtaining of automatic
radio-assays with a windowless
Geiger or proportional counter.

The unit keeps all samples under
gas flow at all times, and accepts
samples up to 1% in. diam. and
in. high. Because of this unique
feature, excellent accuracy and re-
producibility are obtained with-
out long pre-flush and excessive
gas usage. The instrument may be
set so that each of the samples is
counted one, two, three or four
times, or so that the cycles are
repeated indefinitely. A switch on
the control panel makes it possible
to bypass any desired number of
samples and to advance the index
accordingly.

The results of the radio-assays
are printed on the tape of the SC-
SD Tracergraph, along with the
sample number in terms of elapsed
time for the predetermined num-
ber of counts measured by the
scaler. [Either the SC-18 Super-
scaler or the CS-51 Autoscaler may
be used with the new counter.

The unit has an overall accuracy
of ¢. 1 per cent, a resolving time
for Geiger counting of ¢. 150
microsec.; and is limited only by
the resolving time of the scaler
and/or amplifier for proportional
counting.

P.V.C. ExHausT FANs

In the extraction of acid fumes
from various zones of a chemical
plant it is necessary that the ex-
haust fans should be inert to the
fumes in the air passing through
them.  Oxythene rigid P.V.C.
exhaust fans made by Horwitch
Smith & Co. Ltd., Birmingham,
are reported to satisfy this require-
ment for they are quite inert to
acid and other corrosive fumes.
They are available in a full range
of sizes for use in inlets from 6 to
27 in. wide and up to 4 in. W.G.
The fan housing is made from un-
breakable oxythene ‘‘ Duo-Ply ”
P.V.C. sheet if required. It con-
sists of two strong side pieces join-
ed together with welded strength-
ening rods. There is a rectangular
outlet and a round inlet for the fan
although the latter can be con-



verted to rectangular section if
required. The hub of the fan
runner is made of steel and the
rigid blades are slotted to it. The
hub is finished with a complete
covering of rigid P.V.C. and the
blades are welded in their posi-
tions.

The motor and the fan are
mounted on a fabricated steel
stool which is itself coated with
oxythene vinyl base plant pro-
tecting paint or, if specified, the
stool can be fully insulated with
oxythene “‘G”’ plastisol. This pro-
tects it completely from chemical
attack of any kind.
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Corrigendum

DrR. K. VENKATARAMAN HAS
asked us to state that in the paper
entitled ‘‘ The Fries Reaction:
Part VI —The Rearrangement
of Aryl p-Toluene-sulphonates &
a Convenient Method for the
Synthesis of Hydroxy-diarylsul-
phones’’ published in this Journal,
13B (1954), 181, his name as
one of the authors should be
deleted.
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Progress Reports

TEA RESEARCH IN INDIA

THE ToCKLAT EXPERIMENTAL STATIONS' ANNUAL
Report for the year 1953 records all-round progress
in its research activities. The following are some
of the investigations carried out in the different
departments of the Station.

Agricultural and botanical vesearch — Analysis of
data obtained on the yield of tea under varying
light intensities has shown that when light in-
tensity is reduced to between 50 and 70 per
cent of full light, the yield of tea is significantly
greater than for unshaded tea. It was also seen
that when efficient nitrogen fixing trees are used
for providing shade, the effect is even more pro-
nounced. Of the seven shade trees tried, Al-

bizzia stipulata (green), A. stipulata (red) and.

A. odoratissima were found to be most efficient.
It was found that the effect of the application of
nitrogenous manure persists till the year after
application of the manure both in shaded and
unshaded tea plants. This effect, however, was
observed for an extra year in tea that was under a
more efficient species of shade tree.

Experiments on the effect of nitrogen under
shade on the characters and valuation of made tea
have shown that the application of 100 lb. per
acre of nitrogen slightly reduced the strength and
colour of liquors, and caused a slight deterioration
in the infused leaf, but the actual valuation of the
tea was not affected. The quality, briskness,
colour of tip, dry leaf and infused leaf were not
significantly affected by shade, but the strength
and colour of the liquors were greatly improved
at reduced light intensity. This improvement was
significant even at 0-1 per cent level.

Several media were tested to find out a standard
potting medium and it was found that a medium
consisting of sub-soil 7 parts, sand 2 parts, coconut
fibre as organic matter 3 parts, and a fertilizer base
( made up of hoof and horn meal 2 parts, super-
phosphate 2 parts and potassium sulphate 1 part )
5 1b./cu. yd. gave the best results.

Further work carried out to elucidate the nature
of acidity in the tea soils and the effect of manuring
on soil conditions has shown that ammonium sul-
phate not only makes the soil acidic but is also res-
ponsible for decrease in total exchangeable metal
cations and exchangeable calcium in the soil.

The average amount of hair on the under-surface
of the leaf has been found to bear a relation to
agrotype index. It has also been shown that the
weight and thickness of the stem and the density
of the wood in the leaf petiole are also related
to the density of hair. The quality of tea is found
to be associated with both high stem weight and
density of wood in the leaf. The best populations
of plant appear to be those in which hair is asso-
ciated with anthocyanin pigment in the leaf petiole.
In full light no relationship exists between hair
and yield, but under shade increasing hair is asso-
ciated with increasing yield. The dry weight of the
stem on the plucked shoot increases with shade and
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on the best jats, the percentage of stem in the made
tea is increased by shade from 24 to 30 per cent.

Entomological research — Laboratory and field
trials with new synthetic insecticides, acaricides,
and fungicides have been continued. Aramite W.P.
9-( p-tert-butylphenoxy )-isopropyl 2-chloroethyl
sulphide at 1 lb. to 50 gal. of water kills a high
percentage of active forms and eggs of red spider.
The migrating red spiders from the treated levels
do not survive long, but die without depositing
eggs. Aramite was also found to affect a high
percentage of quiescent forms.

Tea avoma and flavour — Ether extracts of tea
leaf have been {ractionated for determining the
chemical substances responsible for tea flavour
and aroma by chromatography on alumina. Clones
with China characters gave on ether extract
a crystalline material which on chromatographic
analysis revealed the presence of a substance with
the characteristics of an aldehyde. Clones of
Assam type without any China characters when
treated similarly gave either no crystalline subs-
tance or an exceedingly small amount of it. Phenyl-
ethyl alcohol, citronellol and hexenol ( cis-m-hex-
3-en-1-0l ), whose occurrence has been reported
in tea, produced a rawness in tea when used in
small amounts. In slightly larger quantity the
aroma was totally different from the natural aroma
of tea, which shows that these substances can form
no more than a very small part of the blend.

Withering of tea — An apparent increase in
caffeine during withering has been noticed. Meta-
bolic studies have revealed that caffeine influenced
the extent of condensation of oxidized catachins
which is found to be greatest when tea leaves are
subjected to withering for a long time. Differences
in the extent of condensation are partly responsible
for determining the characteristic liquoring pro-
perties of teas withered for different lengths of time.

Withering carried out in an air-conditioned
chamber has shown that it is possible to wither
tea in 3 hr. and at greatly increased thickness of
leaf spread. The experiments indicate that teas
made from rapidly withered leaf give an inferior
liquor in comparison with teas made from naturally
withered leaf unless rapid withering is preferably
preceded by a period of storage. Temperature of
withering was not found to have any significant
effect on the quality of tea. It was found, how-
ever, that during flavoury periods, i.e. the second
flush and autumnal seasons, flavour may be con-
served by withering at a low temperature ( 70°F.).
The same holds good for tea grown in Darjeeling
and at higher altitudes, where flavour is of para-
mount importance,

INDUSTRIAL RESEARCH IN HYDERABAD STATE

THE ANNUAL REPORT OF THE CENTRAL LABORA-
tories for Scientific & Industrial Research, Hydera-
bad (Dn.), for the year 1952 records considerable
research activity, the emphasis being mainly on
industrial utilization of the processes evolved in
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the laboratories. A brief account of the activities
of some of the sections is presented here.

Oils and fats — Sitaphal seed ( Annona squamosa
Linn.) oil in benzene and kerosene was found to be
highly toxic to soft-bodied insects like cabbage
aphids, pumpkin beetles and saw-fly larvae. Spray-
ing wood with 8 per cent solution of the oil in
kerosene oil gave up to 50 per cent mortality of
termites.  The insecticidal character of the oil is
destroyed by alkali refining, the soap-stocks ob-
tained from two-stage alkali refining being non-
toxic. Soaps obtained from sitaphal oil and its
blends with groundnut and coconut oils gave pro-
fuse and steady lathers; morc eclaborate studies
on the degree and persistence of foam indicated
that the lathers were steadier in non-alkaline than
in alkaline media. Sitaphal oil, being available at
one-third the price of groundnut oil, can profitably
replace it in soap-making.

From the studies related to the manufacture of
dehydrated castor oil ( DCO) it was found that of
the several bleaching earths tried (in combination
with active carbons), outstanding bleach was
obtained with “ Tonsil”—a brand of German
fullers’ earth. Dehydration of light-coloured mate-
rial was best obtained using sodium bisulphate-
sodium bisulphite mixture as catalyst, adding zinc
oxide or slaked lime immediately after dehydration
and before cooling and working at high vacuum.
For bodying DCO to a material conforming to
Indian Government specifications, bubbling of
carbon dioxide through the oil during bodying did
not suppress darkening. Addition of (-8 per cent
zinc oxide just after dchydration and subsequent
bodying for ¢. 16 hr. at 240°-60°C. and at a vacuum
of 4-6 mm. Hg gave a bodied DCO of viscosity
17-25 poises, low acid value and a sct-to-touch time
much lower than demanded by specifications.

The isolation of triricinolein from castor oil
using light petroleum was conveniently effected
in a liquid-liquid extractor, it being expedient
to mix the oil and the solvent outside than in the
extractor.

A systematic study of the reaction between
halogens in solution and ricinoleic acid showed that
bromine was added instantancously and quanti-
tatively with very slight substitution; with chlorine
the reaction is instantaneous, but addition occurs
to only about half the theoretical extent side by
side with a similar amount of substitution. The
concentration of halogen in solution had no effect
on the pattern of halogenation, nor had catalysts
like hydrochloric acid, nitrobenzene and iodine.
Pyridine, however, withheld both available chlorine
and hydrogen chloride produced by substitution.

Aca-catechin, obtained by ethyl acetate extrac-
tion of katha was found to possess outstanding
antioxidant propertics. Using the Swift stability
test and raw fresh groundnut oil as substrate,
raw katha conferred protection factors of 25
and 2:6 at 0-05 and 0-1 per cent concentration
respectively, while aca-catechin at concentrations
of 0-05, 01 and 0-2 per cent exhibited factors of
24, 40 and 6:0. These compare favourably with
the protection factor of 1-3 shown at 0-1 per cent
concentration by cthyl gallate. Synergistic com-
binations with carboxylic materials, particularly
phosphoric and oleic acids, were very effective.
Outstanding response was obtained in alkali-refined
groundnut oil of low natural stability.

Fuel — A self-supporting continuous process of
briquetting coal fines was developed and is being
tried on a pilot-plant scale. When coal fines are
mixed with suitable amounts of low temperature tar
and lime and briquetted, the tar acids react with
lime forming a complex compound which increases
the viscosity of tar a thousand-fold. The briquettes
increase in strength on storage. On carbonization,
an amount of tar equivalent to the original is re-
covered leaving a smokeless briquette.

Investigations on the weathering properties of
Kothagudium and Tandur coals showed that while
the top coal layers exposed directly to atmosphere
was markedly affected and considerably weakened
in strength so as to crumble on handling, the inner
layers remained unaffected.

Oxidation of Hyderabad coals in a fluidized bed
for 23 hr. at 220°C. gave alkali-soluble coal acids
in yields exceeding 90 per cent and oxidation
products similar to humic acid in yields amounting
to 80 per cent of the original coal.

A 4 Ib. capacity electrically heated still was
designed and fabricated for investigations on the
distillation of low-temperature tar obtained by the
carbonization of Hyderabad coals in 15 Ib. capa-
city externally heated laboratory plant.

It has been shown that by taking suitable steps
such as preheating, use of higher temperatures for
cracking, frequent cleaning of the retort and scrub-
bing of the gas, residual diesel oil ( b.p. 300°-375°C.),
a waste product from the Road Transport Depart-
ment can be used as a substitute for kerosene oil
in the Mansfield gas plant.

Heavy chemicals and fertilizers — A number of
schemes have been undertaken for the industrial
utilization of felspar found in the State. For the
preparation of potassium bromide, calcium bromide
prepared by treating iron bromide with slaked lime
is heated with potassium liquor obtained from
felspar. Potassium bromide formed is freed from
the calcium sulphate and calcium hydroxide formed
alongside by filtration. Sodium bromide (¢. 7 per
cent ) is removed by fractional crystallization.

A method evolved for preparing potash alum and
active silica from felspar consists in heating felspar
with calcium carbonate at 900°C., treatment with

sulphuric acid and recovering potash alum and

sodium alum from the resulting solution.

Other projects undertaken include the production
of sulphur and manganese sulphate from pyrites,
sulphur dioxide and sodium carbonate from sodium
sulphate, activated charcoal from groundnut hulls,
fertilizer from rock phosphate and titanium from
bauxite sludge.

Chemistry — A chloromenthol was obtained from
carene, the hydrogenated product of A3-carene. The
toxaphene type of highly chlorinated turpentine
( chlorine content over 60 per cent) was found to
be highly toxic to pumpkin beetles and house-
flies.

Investigations on the production of citric acid
from molasses by fermentation showed that maxi-
mum yield of citric acid (30'8 per cent) was ob-
tained in experiments where the initial sugar con-
centration was adjusted to 12 per cent, with small
additions of ammonium nitrate (0-2 per cent),
potassium dihydrogen phosphate (0-03 per cent)
and magnesium sulphate (0-02 per cent). Good
yield was obtained by keeping the initial pH at 6.

(Continued on page 604)
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INDIAN PATENTS

[A few of the Patent Applications notified as accepted in
the Gazette of India, Part 111, Section 2, for October 1954,
are listed below.]

Chemicals, plastics, rubber, paints and allied products

50271. Improvements in the manufacture of ammo-
nium sulphate: Circulating magma-containing
ammonium  sulphate crysials lo provide a
continual supply of such magma in the ve-
gion of the saturator where super-satuvation takes
place — GEORGE RoystoN & SonN LrtD. &
RovysToN

50489. 2-Amino-5-nitrothiazole and 2-acyl-amino-5-
nitrothiazole: By distributing 2-amino-5-nitro-
thiazole and 2-acyl-amino-5-witrothiazole in a
therapeutic vehicle — MErRck & Co. INc.

51782. Production of alkali metal hydroxides:
Causing the amalgam to flow vertically through a
decomposition zone to which water is co-curvently
fed and thereafter causing the amalgam to flow
through a hovizontal decomposer in which 1t is
counter-currently contacted withw ater — Rumi-
ANCA SOCIETA PER AZIONI

52009. Organic esters of 2-( 2-diethylaminoethoxy )-
ethanol and their process of preparation:
Esterifying  2-( 2-diethylaminoethoxy )-ethanol
with a derivative ( corvesponding to groups shown
in figures 1-9 of drawings) of appropriate car-
boxylic acid — MORREN

52027. Composition for preparing cylindrical rolls
from washed safety base cinematographic
films: Composed of an active solvent consisting
of dioxane, and a binder — COUNCIL OF SCIEN-
TIFIC & INDUSTRIAL RESEARCH

52170. Method of stabilizing rubber and product
thereof: Comprising incorvporating N-N'-dialkyl-
p-phenylene diamine in which each of the alkyl
groups contains at least 7 carbon atoms — UNi-
VERSAL OiL Propucrts Co.

52240. Production of pseudo-sapogenin compounds:
Treating sapogenins ov theiv esters at a tem-
perature below 150°C. in a mixturve of tertiary
base and esterifying agent in presence of hydrogen
halide — ORGANON LABORATORIES LTD.

49187. Separation and/or recovery of fat and/or
fat-like material from organic substances con-
tained in cellular or similar systems: Sub-
Jecting to intense impacts in presence of excess of
liquid in which part of raw malerial is less
soluble than in water — BRiTISH GLUES &
CHEMICALS LTD.

50276. Purification of alcohol: Replacing known
methods of hydro-selection or purification by
“ super-purification ”  effected under vacuum
and at low temperature — SocCIETE DES ETAB-
LISSEMENTS BARBET

51674. Improved potassium nitrate products and a
method for their production: Comsisting of
potassium nitrate crystals beaving on their sur-
faces a deposit comprising a salt soluble in a
saturated potassium nitvate solution at 20°C. of a
condensation product of 1 mol. of formaldehyde
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and 2 mol. of naphthalene monosulphonic acid —
I.C.1. Lrp.

49309, Production of synthetic rubber products:
From an aqueous dispersion of a conjugated diene
synthetic vubber containing a stabilizer which
comprises gelling the dispeysion in the presence of
anacyclic _ polyalkylene  polyamine — DUNLOP
RusBer Co. L1p.

49310. Production of sponge rubber: Gelling the
frothed latex in the presence of an acyclic poly-
alkylene or a mixture thereof — DUNLOP RUBBER
Co. LD

49339. Manufacture of rubber products: Com-
pounding rubber dispersion with an organic thio-
compound and an oxidizing agent, shaping the
dispersion, gelling and then vulcanizing —
Duncop RuBBiEr Co. LTD.

49473. New pyrimidine derivatives: Reacting a
malondiamide derivative with formic acid or
formamide — 1.C.1. L1D.

51807. Process for obtaining pure pre-polymeriza-
tion products of 1l-amino undecanoic acid:
Amino undecanoic acid is heated with waler,
water being removed from the amino undecanoic
acid as it is separaling during operation — PER-
FOGIT SOCIETA PER AZIONI

51884. Process for fractionating starch into com-
ponents with branched and lincar chains:
Salt concentration of solution of starch in aqueous
salt solution is increased after the separation of
amylose until amylopectin precipitates without
Sfurther cooling and separating amylopectin from
the liqguid — CO-OPERATIVE VERKOOP — EN Pro-
DUCTIEVERENIGING VAN AARDAPPELMEEL EN
DerivaTEN “ AVEBE ”’ G.A.

49188. Extraction of fatty material from raw
materials: Subjected to intense impacts in presence
of excess of liquid having wo deletevious effects
and separalting constituents by centrifuging —
BriTisH GLUEs & CHEMICALS LTD.

49483. Amino acid compounds and methods for
producing the same: Rgacting an acid addition
salt of O-glycyl-(l)-serine or O-glycyl-(dl)-serine
with a diazotizing agent to produce O-diazoacetyl-
(2)-serine or O-diazoacetyl-(dl)-serine — PARKE,
Davis & Co.

50577. Production of a new hydroxymethyl amide
and the alkyl ethers thereof: Treating iso-
nicotinic acid amide with formaldehyde in neutval
or alkaline medium and, if desived, etherifying
the product with alcohols containing not more
than 12 carbon atoms — CiLAG LTD.

51152. Production of films of pre-determined shape:
Bringing surface of a former to a temperature
highey than flocculation temperature of cellulose
derivative and contacting the former at said
temperature with solution of cellulose devivative —
Mo Ocu DoMsj6 AKTIEBOLAG
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51153. A process of preparing compositions com-
prising active material on a carrier consisting of
a cellulose derivative: Applying active material
in form of solution, emulsion or dispersion in hot
water to cellulose dervivative carviev of the type
soluble in cold water but insoluble in hot water —
Mo OcH DoMsjé AKTIEBOLAG

51232. Polymerization of cyclic amides: 4 lactone is
used as a reaction initialor — PERFOGIT SOCIETA
PER AZIONI

Food and kindred products

51780. Agents for improving foodstuffs: The agent
consists of (a) one or more lactones of an aliphatic
hydroxy carboxylic acid having a lactone ring
of 4-6 carbon atoms incorpovaled in an ingre-
dient of the foodstuff or (b) at least two such lac-
tones without the ingredient — ANGLO-SCOTTISH
CREAMERIES LTD.

Drugs and pharmaceuticals

51677. Preparation of 5-n-heptyl-2-thiohydantoin:
Reacting  2-amino-nonanoic acid with waler-
soluble tnorganic thiocyanate and lower alkanic
acid, and deacylating the product — STERLING
DrucG Inc.

49802. Process for the manufacture of compounds
of the adreno-cortical hormone series: By
treating 16 unsaturated compounds of the preg-
nane scries with agents capable of adding on
to the 16:17-double bond a compound HO-R,
R being hydrogen hydroxyl group, halogen or
free ov substituted alkyl radical — CiBA LTD.

51006, 51007, 51008, 51009, 51010 and 51011. Amino
acid compounds and methods for producing
the same: Cultivating a micro-organism called
Streptomyces fragilis under acrobic conditions in
an aqueous nutvient medium having a pH of 5-
8:5 and containing sources of carbon, nitrogen
and mineral salls so as lo produce O-diazoacelyl-
(4)-sevine.

Reacting an N-carbobenzoxy serine with a
haloacetyl halide ov haloacetic anhydride to pro-
duce  O-haloacetyl-N-carbobenzoxy serine and
veacting this latter compound with a metal azide
to produce O-azidoacetyl-N-carbobenzoxy serine
which is finally subjected to reduction in the
presence of a mineral acid.

Reacting an N-carbobenzoxy sevine with an
azidoacetyl halide and subjecting the O-azidoace-
tyl-N-carbobenzoxy serine so obtained to reduc-
tion in the presence of a mineral acid.

Reacting N-carbobenzoxy sevine with a mixed
anhydride of carbobenzoxyglycine and subjecting
the  D-( N-carbobenzoxyglycyl )-N-carbobenzoxy
sevine so obtained to reduction in the presence
of a mineral acid.

Reacting an N-carbobenzoxy derivative of sevine
with a glycyl halide or N-carboxyglycine anhydride
and subjecting the O-glycyl-N-carbobenzoxy serine
so obtained to reduction in the presence of ome
equivalent of a mineral acid.

Treating N-glycyl sevine with a mineral acid
under anhydrous conditions at 0°-100°C. so as
to produce acid addition salts of O-glycyl sevines —
PARKE, Davis & Co.

52464. A process for preparing morphinane deri-
vatives: By heating (-)-3-hydroxy morphinane

PATENTS

with a propergyl halide in an organic solvent in
the presence of an acid-binding agent — HoFF-
MANN-LA RoCHE & Co. AKTIENGESELLSCHAFT

Fuels and lubricants

49277. Briquetting of comminuted materials such
as fuels, ores or the like: Comprising mix-
ing the base matevial with a binding agent
and shaping the vesulting mixture; the binding
agent consists of a coal-tar pitch and an aro-
matic compound constituted by threevings — GEL-
SENKIRCHENER BERGWERKS AKTIENGESELLS-
CHAFT

Metals and metal products

51678. A method of separating silver and copper
from coinage alloys: Adding a halide to0 the
electrolyte used for electrolysis of ve-alloyed coin-
age — DEMAG-ELEKTROMETALLURGIE G.M.B.H.

51206. Process for production of metallic iron con-
centrates and titanium dioxide concentrates
from ores containing ilmenite: Ore mixed with
sodium compounds is heated in presence of solid
carbonaceous rveducing agent — TiTAN Co. A/S

51524. Electroplating of metals on aluminium or its
alloys: Aluminium or aluminium alloy is dipped
in fervic chlovide solution and then electroplating
with nickel andfor chromium — COYNCIL OF
SCIENTIFIC & INDUSTRIAL RESEARCH

51861. Method and apparatus for regulating the wall
temperature in the melting zone of cupolas:
Forcing a cooling liquid through cooling elements
in the melting zone of cupola and maintaining
working pressure for cooling medium at constant
level corresponding to the desived temperature —
STRIKFELDT & Co.

51873. Fusion joining of nickel alloys: Consists of
calcium fluovide with at least onc alkali metal
silicate — THE INDIAN OXYGEN & ACETYLENE
Co. Ltp.

52080. Melting of high melting metals or alloys:
Comprising an arrangement of feed volls and
contact sysiem consisting of a plurality of in-
dividually spring-loaded contact brushes avranged
in one or move groups — 1.C.I. Ltp.

52392. Process and apparatus for making additions
to liquid metal: Into molten metal is introduced
addition agent in a pressuve vessel by a plunger
which passes through an inlet opening in the
vessel and which in its innermost position closes
the inlet opening — THE MonD NickeL Co. LTD.

49342. Manufacture of hollow metal bodies: Coating
heated metal blank with vitreous material and
pressing it in a container closed at one end with
ram — CoMPTOIR INDUSTRIAL D’ETIRAGE ET
ProFiLAGE DE METAUX

52184. Melting of high melting point metals or
alloys: Using a consumable electrode comprising
a metal or alloy tube containing the metal ov alloy
to be melted tn the form of powder, sponge —
IC.I. Ltp.

Glass and ceramics

52226. Methods of and apparatus for bending sheets
of glass: Applying the pressure of bending over
the marginal areas only of the sheets — PiL-
KINGTON Bros. L1p.
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Leather and leather products

49231. Surface treatment of leather cloth: Applying
to the surface of a leather cloth a gel comprising a
polymer of vinyl chlovide and a volatile ester of a
lower fatty acid — DunNLoP RUBBER Co. LTD.

Building materials and methods

49787. Apparatus for handling cement: The appa-
ratus consists of a casing providing a chamber in
which is votatably mounted a disc, the chamber
walls and the walls of the disc providing a passage
for the adhesive, along a portion of the peviphery

‘of the disc connecting the inlet and outlet openings -

in the casing— THE BRiTisH UNITED SHOE
MacHINERY Co. LTb.

52283. Foaming composition for cellular concrete:
Comprising an avomatic sulphonic acid and a
water-soluble cellulose compound — 1.C.1. Ltp.

49436. Manufacture of concrete articles: Part newly
removed from wmould before hardening locally
subjected to compressive stress to modify its shape;
pressure  maintained till part is sufficiently
hard — COMPAGNIE  INTERNATIONALE  DEs
Pieux ARMES FRANIGNOUL, SOCIETE ANONYME

51658. Process for improving the resistance to cor-
rosion of concrete or other calcareous cementi-
tious matter: Treating concrete by successive
applications of silico-fluoride, first by a weak
solution of magnesium or zinc silico-fluoride and
then by strong solution of aluminium silico-
flworide — Rocra PipeEs Ltp.

Miscellaneous

49202. Abrasive cloth and method of manufac-
turing: Comprising a woven fabric containing a

starch base filling material and a heat havdened
synthetic vesin filling material and having a
layer of abrasive grains attached to the surface by
a synthetic vesin bond—THE CARBORUNDUM Co.

49239. Plant for the removal of furnace ash and
dust by water sluicing: In combination a sluice
means, collecting means for ash, means foy
effecting periodical flow of ash at controlled rate,
first and second pumping means for supplying
water at low and high pressure, solids separating
means for rveception of water from the sluice
means, dust delivery wmeans — BABCOCK &
Wircox Lrp.

51179. Artificial board: Steps of dewatering the wet
lap, applying a sheet of paper to the surface of
the wet lap and consolidating the wet lap and
sheet of paper under heat and pressure —
ABitiBl Power & Paper Co. L1D.

52111. Enamels for wire wound resistors: Composed
of (per cent) PbO, 30-35; Al,0,, 10-12; B,0,,
12-15; SiO,, 18-20; colourants, 0-3; alkalies,
18-22 and fluorine, 1-2 — COUNCIL OF SCIEN-
TIFIC & INDUSTRIAL RESEARCH

49370. Shearing machine for tea: Tea is cut between
a pair of toothed grooved rollers — EAsTWOOD

49383. Processes for stretching artificial filaments
and fibres of proteins: Avtificial filaments of
protein are subjected to slow progressive stretching
over rollers in conjunction with treatments in
aqueous  saline baths — AMERICAN PATENTS
Corp. & FERRETTI

51337. An automatic tea sorting and upgrading
machine: Comprises a hopper with two adjustable
blades attached to a cvank and an adjustable
handle, a set of hammers and cams mounted on
respective shafls and a conveyer belt having a
hairy cloth attached on it — BHOLANATH GHOSH

PROGRESS REPORTS — Continued from page 601

Experiments on the production of itaconic acid
by the fermentation of sugars with Aspergillus
tervens revealed that sucrose (and even molasses )
gave as high yields as glucose. Properly clarified
molasses gave up to 20 per cent itaconic acid.

A process has been worked out for the production
of levulinic acid from bagasse. Bagasse is thoroughly
washed in cold water, drained, dried in air and
pulverized to 40-50 mesh powder. The pentosans
are then hydrolysed by autoclaving the powder
with 0-3 per cent sulphuric acid and the residual
matter autoclaved with 8 per cent sulphuric acid
to hydrolyse the cellulose. The reducing sugars
obtained are then converted to levulinic acid.
Pentosans and cellulose may also be hydrolysed
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together and the combined reducing sugars ( pen-
toses and hexoses) used for preparing levu-
linic acid. In a typical experiment a yield of
4 g. pure levulinic acid from 50 g. bagasse was
obtained.

Ceramics — Laboratory investigations for the
development of a suitable engobe and glaze for
Pachegaon clay bodies were completed. Pedestals
for the P.C.E. furnaces and muffles for electric
furnaces were made from indigenous clays, and
their service life was comparable to imported
materials. Successful compositions for fireclay
crucibles capable of withstanding temperatures up
to 1,500°C. for use in smelting and fritting have
been evolved.
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Polymerization of Vinyl Monomers in
Aqueous Solution by Radicals from

Photo-excited Electron

Transfer

Reaction in the Ion-pair Fe’*OH~

M. SANTAPPA

Department of Physical Chemistry, University of Madras, Madras

A photochemical method for the preparation
of pure vinyl addition polymers is suggested.
Polymerization kinetics of reaction of radicals
from photo-excited ion-pair, Fe3tOH ™, with
vinyl monomers in aqueous solution are dis-
cussed.

RANCK and Haber! were the first to
F postulate the formation of OH radi-

cals in solution when the aqueous
halide and sulphite ions were irradiated.
Haber and Willstatter? have indicated that
OH and HO, radicals are the chain carriers
in the catalytic decomposition of hydrogen
peroxide. This was followed by a study

of the system ferrous or ferric ion-hydrogen -

peroxide and introduction of the theory of
the formation of OH and HO, radicals into
the field of reaction kinetics in solution by
Haber and Weiss**. Baxendale, Evans and
Park® have shown that free radicals produced
in Haber and Weiss’s reaction initiate poly-
merization of vinyl compounds. Rabino-
witch and Stockmayer® interpreted the ab-
sorption spectra of ferric ion-pair complexes
as electron transfer spectra, the primary
photochemical process being Fed+tx— M,
Fe2+ x wherex = OH", halide,etc. Rabino-
witch? predicted the occurrence of free
radicals or atoms in irradiated ferric salt
systems. Evans and Uri® showed that the
free radicals produced photochemically from
ferric ion-pair complexes lead to polymeriza-
tion of vinyl compounds. Evans, Santappa

and Uri® have reported on the polymerization
of vinyl compounds in aqueous solution using
Fe3+OH, Fe3+Cl™, etc., as photo-sensitizers.
Santappal!® has reported the difference in
behaviour between Fe3**OH™ or Fe3+Cl™ on
the one hand and Fe®tN, on the other as
photo-sensitizers in the polymerization of
vinyl compounds.

This paper presents a detailed kinetic
study of the system Fe3*OH™ vinyl mono-
mers, leading to polymerization of vinyl
monomers in aqueous solution,

Experimental procedure

Optical arrangements — A light beam from
a 250 watt high pressure mercury vapour
lamp (B.T.H.) was rendered parallel by a
quartz condenser lens and passed through
filters for isolating the mercury lines!!:
(@) 313 mp: 0-178 M NiSO, in a 5 cm. open
quartz cell, Chance OX7; M/40 potassium
biphthalate in 1 cm. open quartz cell; (b)
365 my.: CuSO, in 1 cm. quartz cell; Chance
OXIl. Most of the experiments were carried
out with 313 my. filter. The light beam
passed through an adjustable iris diaphragm
into a thermostat and fell on the reaction
cell which was mounted in the centre of a
thermostat and maintained at a temperature
25°4-0-1°C. The diameter of the reaction cell
was 5 cm.,, its optical depth 46 mm. and
capacity 75 cc. A solution of ferric perchlo-
rate, perchloric acid and vinyl monomer
formed the system Fe3*OH™ vinyl mono-
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mer, for irradiation purposes. By adjusting
the pH and ionic strength of the solution®,
the concentration of Fe3+OH™ could be con-
trolled.

Reagents — Ferric perchlorate was prepar-
ed from precipitated brown ferric oxide and
perchloric acid. Monomers, acrylonitrile,
methyl methacrylate, methacrylic acid were
freed from stabilizers and purified by repeat-
ed distillation under reduced pressure in an
atmosphere of oxygen-free nitrogen.

Before irradiation, nitrogen purified in
Fieser’s solution'? was bubbled through to
displace air.

Estimations — The rate of ferrous ion pro-
duction (dFe?+t/dt) was determined colori-
metrically with o-phenanthroline. Concentra-
tions of ferrous ion down to a minimum limit
of 5x10-7M could be determined. Mono-
mer disappearance ( —dM/dt) was follow-
ed by the weight of polymers purified after
precipitation from acetone solution and dried
at 100°C. to constant weight. Chain lengths
of methyl methacrylate polymers (n) were
determined by measuring the viscosities of
the polymers in benzene solution and with
the help of the factors given in Baxendale,
Bywaters and Evans’s'® paper. Light absorp-
tion fraction (k¢) by the ion-pair Fe3+OH™
was calculated!® or measured spectrophoto-
metrically, taking into account all the equi-

libria and species of ions present in the-

system. Light intensity or lamp output (I)
was measured actinometrically!! using ura-
nium oxalate solution. Monomer concentra-
tion [M] for methyl methacrylate was mea-
sured by adding a known amount of bromine
to the monomer solution and determining the
excess of bromine by iodometry.

Results

(1) k¢ — It may be shown that in ferric
perchlorate solutions the photochemically
active species is the ion-pair complex
Fe3+OH'. The concentration of Fe3+OH~
is dependent on the pH and ionic strength
of the solution®. It is now well recognized
that the purple colour of ferric perchlorate
solutions or ferric nitrate solutions in both of
which ferric ion does not complex with anion
(C10,)" or (NOg)™ is due to absorption by
hydrated ferric ion itself. Absorption by
ferric jon moves to the far U.V. region in
concentrated perchloric acid solutions and,
therefore, the solution becomes colourless.
But as the pH of the solution is increased
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the colour of the solution varies from faint
yellow to yellow and deep yellow. This
variation of colour is attributed to the pre-
sence of species like Fe3*OH™, Fe3+(OH):™,
Fet3(OH); ", etc. By controlling the acidity
and ionic strength of the solution, the con-
centration of any one type of complex could
be increased. At pH = 0, ferric perchlorate
solutions are practically colourless showing
the absence of Fe**OH™. From the absorp-
tion spectra of Fe>*OH ™~ as well as Fe?+ (aq.)
and also from the dependence of equilibrium
constant (Ku) for Fe?+OH-=Fe3*+0H™ ypon
ionic strength of the solution (u), the concen-
tration of Fe?+OH ™ as well as Fe+(aq.) could
be calculated. When the system Fe$+OH™
methyl methacrylate or acrylonitrile is irra-
diated with a light beam of 313 or 365 my,
there is in the primary photochemical process
an electron transfer from the anion to the
cation giving Fe*+ and OH. The OH radicals
polymerize the vinyl monomer. It has been
found that ferric salt solutions in the range
102 to 10-5M and even at 10-M give rise to
active ion-pair sensitizer Fe3+OH ~. Tables
1 and 2 indicate the concentrations as well as
dFe*+/dt for Fe*+OH™ at various pH levels.

It was interesting to note that between
pH 0-86 and 0-56 there was neither poly-
merization nor ferrous ion production when
solution was irradiated for over 12 hr. Also,
at a perchloric acid concentration of > >IN
and [ Fe(ClO,); ], as high as 102M, ferrous
ion formation and polymerization were prac-
tically negligible. Under the latter conditions
the concentration of the species Fe3+OH™

TABLE 1 — INFLUENCE OF pH ON LIGHT
ABSORPTION

([Fe*t ]=10"% and 10-*M; [acrylonitrile |=1-0M; intensity=
8:1X10°% Nhofhr.; p==ionic strength )

[Fedt) pH m ky X 10° [Fe't] [Fe'tOH] k,
( molar) x 104 x10¢

0-0 1-070  7-50 99 1:0 0-20

10 06 0-345 3-28 96 4-0 0-30

10 0170 3-09 92 80 0-90

L3 0-120  3-16 88 12-0 0-94

TABLE 2 — INFLUENCE OF pH AND k. ON THE
RATE OF FERROUS ION PRODUCTION

[Fett] pH ke dFett/dt
(moles/hr.)

X 10¢
10-¢ 2:01 0-509 1:610
10-¢ 1-73 0-356 1-190
10+ 1-50M 0-265 0-631
10-¢ 1-35 0-194 0-500
104 1-04 0-085 0-314
104 {322 Not measurable




SANTAPPA: POLYMERIZATION OF VINYL MONOMERS

would be minimal. These data show that
Fe3+OH™ is the photochemically active
species. It has also been shown!® that the
rate of monomer disappearance and the chain
length (n) of the methyl methacrylate poly-
mer are linear functions of k.

(2) Light intensity—The results for dFe?+/dt
with variation of light intensity with Fe3+OH™
acrylonitrile monomer given in Fig. 1 and
Table 3 respectively show that light inten-
sity I is a better function of the expression

(dFe2+/dt)(1+ IEL ]])

than I versus dFe?t/dt alone. The signi-
ficance of this is dealt with later. Ifur-
ther, the rate of monomer disappearance
has already been shown!* to be a linear func-
tion of square root of light intensity, and the
chain length of methyl methacrylate poly-
mer a linear function of reciprocal square
root of light intensity.

(3) Variation of monomer concentration —
An accurate investigation of the dependence
of dFe?t/dt on monomer concentration was
rather difficult because, at very low concen-
trations of the monomer or even in the
absence of monomer, the free radicals would

be consumed, it is presumed, by the organic

impurities in the distilled water used. The
rate of ferrous ion production, therefore, with
small concentration of monomer or even in
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F1G. 1 — RATE OF FERROUS ION PRODUCTION WITH

LIGHT INTENSITY [ A — Non-linear variation of
db:dr with light intensity for the system Fes+OH ',
acrylonitrile; [Fe3t] = 10—2M; [)H =10. B—
Fe + [Fe?+]

Linear variation of — (1 k [Vl with

light intensity under conditions as in A ]

TABLE 3 — RATE OF FERROUS ION PRODUCTION
WITH LIGHT INTENSITY

([Fe’t)=10M; [ acrylonitrile ] =1-2M; pH=1-0)
INTENSITY  dFe?+/dt MEeAN dFe+ k,[Fe?t]
Nhy/hr. (moles/hr) (Fe’\‘)xlo‘ T ( T k[",,,]

10* molar

8-00 0-976 6-94 1-496
6-80 0-800 5-72 1-150
5:40 0-690 4-93 0-956
3-30 0-450 3-22 G-564
2-04 0-300 215 0-350
1-23 0-200 1-43 0-230
063 0-155 1-11 0:170

TABLE 4 —RATE OF FERROUS ION PRODUCTION
WITH TYPE AND CONCENTRATION OF
MONOMER

(For [Fe*+]=102M, 1=1-32X10* Nhv[hr.; and for [Fe**]=
10 ’M, 1=6-9%10"° Nhv[hr.)

[Fe3#] MONOMER [M] dFett/dt
molar molar (moles/hr.)
x10¢
102 Acrylonitrile 1-00 6:3
10-2 do 0-60 65
10-2 do 0-30 6:-2
102 do 0-10 66
10-2 do 0-01 6-8
102 Methyl methacrylate 0-10 6-5
10 nil nil 6:0
103 Acrylonitrile 0-10 3-4

the absence of any monomer was as high as
in the presence of higher monomer concen-
trations. This aspect of impurities has been
dealt with in greater detail elsewhere by the
author’®, The experimental results ( TABLE
4) obtained with Fe3+OH™ show that the
values of dFe?*/dt are practically indepen-
dent of the type and concentration of the
monomer. The rate of monomer disappear-
ance with methyl methacrylate was found!4
to be a linear function of first power of
monomer concentration.

(4) The effect of ferrous ion accumulating
in the course of the reaction is similar to
that of ferrous ion initially added. Because of
secondary dark back reaction between Fe2+
and OH, it was observed ( Fic. 2) that the
rate of ferrous ion production decreased with
increase in time or increase in mean ferrous
ion concentration, i.e. ferrous ion initially
added or present plus one-half of ferrous
produced during the time interval. For the
Fe3+OH"™ sensitizer and in the presence of an
initially added [Fe?*t] as high as 10-*M, the
total ferrous ion produced did not exceed
1-3x10-*M and, therefore, it was possible to
measure ferrous ion produced during the
time interval and subsequently compute mean
ferrous ion concentration. The results in
Table 5 indicate how dFe?*/dt decreases as
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FIG. 2 — RATE OF FERROUS ION PRODUCTION WITH
TIME AND MEAN FERROUS ION CONCENTRATION
[ A — Decrease of rate of ferrous ion production
with time; [Fe3t]=10—2M, acrylonitrile; I=0-77 x

1 ;
10—4Nhy/hr. B— Increase of -—-— with mean
YFert
ferrousion concentration computed at different inter-
e+ .
vals. C—Increase of 1 ,/(—l%ft-— with mean ferrous
ion concentration computed from initially added
ferrous ion plus half ferrous ion produced during
the time interval; [Fe3+]=10-3M; 1=1-32x10—4
Nhv/hr.; pH=1-3 ]

TABLE 5 — EFFECT OF INITIALLY ADDED FERROUS
ION UPON RATE OF FERROUS ION PRODUCTION

([Fe*+OH)=10"3M; pH=1-3; intensity=1-32x10-* Nhv[units|
hr.; monomer, acrylonitrile )

Appep  ToraL [Fet] MeAN  dFe2t/dt 1/dFett/dt
[Fett] [Fe**] propucep |Fe!*] (moles/hr.) (moles/
molar MEASURED  molar molar x 108 hr.) x 10*

MOLES X 10® X 108
x10%

nil 3-5 35 1-75 4-85 2-00

10 35 3-4 80 4:75 2-10

10-¢ 4-3 3-3 2-65 4-70 213

5x 108 8-1 3-2 6:60 4-54 2-20

10-¢ 13-0 3-0 11-50 4-20 238

TABLE 6 — EFFECT OF MEAN FERROUS ION
CONCENTRATION ON THE RATE OF FERROUS ION
PRODUCTION

([Fe*+)=10"*M ; [ acrylonitrile]=1-2M; pH=1-0)

INTENSITY MEeAN (Fe2t) dFe+/dt REciPROCAL

Nhy/br. x 10® moles x 10° ( moles/hr.) QUANTUM
x10% YIELD
13-20 350 1-75 58-82
8-20 2:70 1-35 47-17
3-20 1-94 0-97 2410
1-85 0:80 0-40 36-63
1:25 07 035 27-86
0:55 0:50 0-25 17-18
3-00 0-28 0-14 16-72

mean [Fe?+]increase or [1/dFe?+]/dt increases
with added ferrous ions. The mean ferrous
ion concentration could also be computed at
various intensities and the same uniform

sy dFe?+
variation between mean [Fe?+] and 1 /-Ad»—t*

is observed ( TABLE 6 ).
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(5) Quantum yields — The quantum yields
with respect to ferrous ion ypa: have been
found to be dependent on (i) concentration
of Fe’*OH™ and, therefore, upon pH of the
system and (i) wavelength. ypa+ was
practically equal at 313 and 365 my though
it dropped steeply when the limit of the
visible was reached. ype+ was found to be
independent of (i) the intensity of light and
(i) type and concentration of monomer. The
quantum yield with regard to monomer dis-
appearance yy was found to be dependent
on the concentration and type of the monomer
used. A maximum value of =300 for ¥
for high light intensity and concentration of
the monomer and a minimum value =5 to
10 for low light intensity were observed. The
lower values of vy for higher intensities of
the order of 1-3 to 15 X 10-*Nhy/hr., [Fe?+] =
102 to 10-% and for [M] =1-0 to 0-10 were
occasionally observed. This must be attri-
buted to the scattering of light by the poly-
mer. The ideal conditions for minimizing the’
scattering of light were found for a light
intensity 6 to 8x10-3Nhy/hr. and for a
[Fe*+]=4x10-M concentration were deter-
mined. The quantum yields for ferrous
ion at various pH levels, ferric ion con-
centrations and light intensities are given
in Table 7. .

Discussion

The light absorption process is connected
with the change Fet+*OH ™" Fe2+*OH. The
energetics of the system and the mechanism
of how Fe?*+OH dissociates into Fe2+ and OH
because of non-equilibrium configuration
of hydrated Fe?*t+OH have already been
discussed®!0, The resulting OH free radicals
initiate polymerization. The experimental
results have been examined in the light of
the following reaction mechanism to arrive
at the actual mechanism of polymerization.

TABLE 7 — QUANTUM YIELDS FOR FERROUS ION
AND MONOMER DISAPPEARANCE

#H YFett Yu
at Fe't
— A - At At
10-*M 10*M 10-*M intensity intensity
8:1x1081-32x10¢
Nhv/hr.  Nhv/hr.,
2-00 0-0 —_ 0-040 0-06 0-06
1-70 0-055-0-06 — 0-040 — —
15 0-050 —_ 0-032 0-05 0:05
1-30 0-050 — 0-032 —_ —_
1-00 0-050 0-050 0-030 0-03 0-05
0-83 0-050 0-042 0-005 — —
0-54 0-039 — == — 0-04
0-34 0:017 — — 0-03 —_
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(1) Light absorption process and primary

dark back reaction: Fe”OH—g Fe2+OH.
kg

(2) Initiation of polymerization by

Fet+OH: Fet+OH+M _", Fer+ +OH—M.
(3) Separation of the primary product:
Fer+OH — ", Fer* 4 OH.
(4) Secondary dark back reaction: Fe?t+
OH "%, Fes++OH™,
(5) Initiation of polymerization by OH
radicals: OH-+M _", OH—M—.
(6) Propagation:
OH-M— +M_*, OH-M—M—,
(7) Termination by (a) recombination:
OH—(M)n* +(M)n— bOH

_5 OH- (M)u— (M), OH.
or (b) disproportionation by the radicals
Fe2*OH or OH represented by the rate
constants ky; and k¢, respectively.

In the above scheme, the concentrations
of the radicals OH, Fe?**OH or OH—(M),-
are assumed to be constant and stationary.

(i) If Fe?+OH radicals alone initiate poly-
merization and the radical chains terminate
by disproportionation, then it is easy to
show that

dFe2+

=k k{[M]/ke
dM
and < —kpki{ MI%/ky

(ii) If Fe?+OH radicals initiate polymeri-
zation and termination is brought about by
recombination of the radical chains, then

dFe?+/dt will be same as in (i);
dM
but T

(iii) On the other hand, if OH radicals
alone initiate polymerization and the radical
chains terminate by disproportionation, then

kk 1 ki[M]
ka+k, (ﬁMJ +ko[Fe“+])
and (b) dM/dt=kpki{M]? k.

(iv) If OH radicals initiate the polymeri-
zation and termination of radical chains is

by recombination of the radical chains, then
dFe?t/dt will be same as in (ii);

kkel
but dM/dt=ky[M)y o s

=kp[ M2 (ki k I /kika)'/®

(a) dFer+|dt=

(v) If both Fe2+OH and OH radicals ini-
tiate polymerization and termination of the
radical chains is by disproportionation as
well as by recombination, then

_ e
Ka Tk, +K; [M]

ki [M) k[ M]
k, | kiM]-Fko[Fe?t]

and for dM/dt expressions involving [M?] will
be obtained for both types of terminations.

If polymerization is to be initiated by
Fe?+OH radicals then according to (i) the
quantum yield with regard to ferrous ion
production must go on increasing as the
monomer concentration is increased and not
reach a constant value below unity. On the
other hand, if OH radicals initiate, then
according to (iil), production of ferrous
ions must increase with monomer concen-
tration and at high concentrations, i.e. when
ki [M] > > k, [Fe?t] the quantum yield will
be represented by k/(k,+ka) which is a
constant and which is also independent of
monomer concentration. When Fe?+*OH as
well as OH radicals are assumed as ini-
tiators, then according to (v) the quantum
yield cannot be represented by any constant
quantity,

According to the experimental results pre-
sented in this paper, the quantum yield for
ferrous ion attained a constant value of 0-05
( TABLE 7) both at lower as well as higher
monomer concentrations and sometimes even
in the absence of the monomer. This must
be attributed to the reactions of free radicals
with the organic impurities in the reaction
system. Further, a plot of reciprocal ferrous
ion production against mean ferrous ion
(F16. 2, graph C) gives the expected linearity.
The slope of this graph gave ko/ki=4 x 103 for
acrylonitrile and the intercept confirmed the
quantum yield for ferrous ion to be =0-05.
The non-linearity of ferrous ion production
with light intensity is attributed to the dark

back reaction Fe2++OH_lf_,Fe3++OH_.
If this dark back reaction is considerable, the
actual rate of ferrous ion production is then

. ko[Fe2+])

2+ sl sl
given by (dFe?t/dt) (H— K[M] and a
plot of the latter quantity against light
intensity must be linear. This has been
found to be the case ( F16. 1).

dFez+/dt=
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It is also found that dFe2?+/dt is a linear
function of ke as well as pH. These 1acts
point to OH radicals being the initiators and,
therefore, the correct expression for ferrous
production would be represented by (iii).

In case of termination of the polymer
chain by disproportionation by either Fe2+OH
or OH radicals, the rate of monomer dis-
appearance will be proportional to square of
monomer concentration [M]2, If Fe2+OH is
the initiator and the chains are terminated
by recombination, then dM/dt must vary
linearly with [M]. On the other hand, if
OH radicals initiate the reaction, then dM/dt
must vary with [M] for termination by
recombination. It has been found that dM/dt
varies linearly with [M] proving thereby that
the termination reaction is one of mutual
recombination of active particles. Further
details in support of the termination reaction
for the sensitizer Fe3+Cl™ whose behaviour
is similar to that of Fe*+*OH™ are given else-
wherel4,

Summary

A method for photochemical initiation of
polymerization of vinyl monomers in aqueous
solution making use of the ion-pair complex
Fe3+OH" is described. The light absorption
process by the ion-pair leads to an electron
transfer causing the reduction of the cation
and oxidation of OH™ to a free radical OH
which initiates polymerization. Kinetics of
the reaction between OH and vinyl mono-
mer were studied from (a) the dependence
of a rate of ferrous production; (b) overall
rate of polymerization; and (c) chain length
of polymethyl methacrylate (viscometric me-
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thod ) upon (i) light absorbed by the ion-pair;
(ii) intensity of light; (iii) monomer concen-
tration and (iv) accumulated or initially added
ferrous ion. From the results obtained it is
shown that polymerization reaction is ini-
tiated by OH radicals and termination of
polymerization is by mutual recombination
of the active radical chains.
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Anthraquinone & Anthrone
Series: Part XVII—A Synthesis
of 1:3:7-Trihydroxyanthraquinone
& a New Synthesis of 1:3:8-
Trihydroxyanthraquinone

NETAR PARKASH & K. VENKATARAMAN
Department of Chemical Technology, University of Bombay, Bombay

Bromination of 1- amino - 6 : 8 - dichloro-
anthraquinone, followed by deamination, yield-
ed 7-bromo-1: 3-dichloroanthraquinone, which
was converted into the corresponding tri-
methoxyanthraquinone. Demethylation to 1:
3: 7-trihydroxyanthraquinone was effected by
aluminium bromide in boiling benzene. 1: 3-
Dichloro-8-hydroxyanthraquinone, prepared
from 1-amino-6 : 8-dichloroanthraquinone, was
converted to the corresponding trimethoxy-
anthraquinone. Demethylation yielded 1:3:8-
trihydroxyanthraquinone, which is important
because of its relation to Frangula-emodin,
Aloe-emodin and other naturally occurring
hydroxyanthraquinones. To complete the
series of trichloroanthraquinones, 1:3: 8-tri-
chloroanthraquinone has been prepared from
1-amino-6: 8-dichloroanthraquinone by the
Sandmeyer reaction.

N an earlier communication we re-
ported the synthesis of 1:3:5-tri-
hydroxyanthraquinone, one of the four

unknown trihydroxyanthraquinones!; the
present work deals with the synthesis of
1: 3: 7-trihydroxyanthraquinone (V) and a
new synthesis of 1:3: 8-trihydroxyanthra-
quinone (IX).

During a discussion of the chromato-
graphic behaviour of hydroxyanthraquinones
on silica gel, Hoyer? has mentioned 1: 3: 7-
trihydroxyanthraquinone (V), but the pre-
paration and properties have not been des-
cribed.

1: 3: 8-Trihydroxyanthraquinone (IX) has
been prepared earlier by several methods,
mainly from certain natural colouring mat-
ters. Anslow, Breen and Raistrick3 obtained
1: 3: 8-trihydroxyanthraquinone (IX) by the
decarboxylation of emodic acid (4:5: 7-tri-
hydroxyanthraquinone-2-carboxylic acid ) by
heating with copper chromite and quino-

line. They drew attention to the fact that
‘“1: 3: 8-trihydroxyanthraquinone has been
described previously in a very imperfect
fashion in spite of its importance in relation
to Frangula-emodin and Aloe-emodin and
the many naturally occurring hydroxy-
anthraquinones related to these substances .
Rhein ( 4: 5-dihydroxyanthraquinone-2-car-
boxylic acid) was converted by Oesterle!
into  2-amino-4: 5-dihydroxyanthraquinone
via the acid chloride and amide ; diazotization
and hydrolysis of the amine gave a poor
yield of (IX). Eder and Hauser® pre-
pared (IX) from Frangula-emodin 7-methyl
ether ( physcion) through a series of reac-
tions: oxidation to the carboxylic acid,
conversion of the acid to the corresponding
amine via the acid chloride and amide,
reduction of the diazonium salt, and final
demethylation. Anslow, Breen and Rais-
trick have also mentioned that no analyses
of the supposed trihydroxyanthraquinone or
its acetate were given either by Oesterle
or by Eder and Hauser. By heating anthra-
quinone-1: 6-disulphonic acid with 40-60 per
cent oleum at 160° and then heating the
product with aqueous calcium hydroxide
in an autoclave at 200°, Lauer® obtained (IX),
together with 1:2:4:5: 8-pentahydroxy-
anthraquinone and 1:2:4:5:7: 8hexahy-
droxyanthraquinone. We have now syn-
thesized 1:3:7- and 1:3: 8-trihydroxy-
anthraquinones (V and IX) from 1-amino-
6: 8-dichloroanthraquinone (I)! by the indi-
cated series of reactions.

Bromination of (I) in glacial acetic acid
gave the 2-bromo derivative (II), and de-
amination of (II) via the diazonium salt
yielded 1: 3-dichloro-7-bromoanthraquinone
(I1I). Conversion of (III) to the corres-
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ponding trimethoxyanthraquinone (IV) was
effected by heating with sodium metho-
xide and methanol in a sealed tube at 160°-
70° for 8 hr. or by refluxing for 36 hr.
The latter method gave a better yield of (IV).
The orientation of the bromine atom in (II)
was shown by the fact that the trimethoxy-
anthraquinone (IV), m.p. 203°, obtained
from (III) is different from 1:3: 5-tri-
methoxyanthraquinone!, m.p. 226°. De-
methylation of (IV) to 1:3: 7-trihydroxy-
anthraquinone (V) was effected by the ac-
tion of aluminium bromide in boiling benzene.

1:3-Dichloro-8-hydroxyanthraquinone
(VI) was prepared from (I) via the diazonium
sulphate. Methylation of (VI) gave 1:3-
dichloro- 8 - methoxyanthraquinone  (VII),
which was converted to the corresponding
trimethoxyanthraquinone (VIII), m.p. 196°.
The melting point and other properties of
(VIII) are in agreement with those des-
cribed by Anslow ef al. Demethylation of
(VIII) by aluminium bromide in boiling
benzene led to 1:3:8-trihydroxyanthra-
quinone (IX), m.p. 287° ( Anslow et al3,
m.p. 287°-88°).

Of the 14 theoretically possible trichloro-
anthraquinones 13 are known, including
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1: 3: 5-trichloroanthraquinone described by
us in an earlier paper!; 1:3: 8-trichloro-
anthraquinone has been prepared from
1-amino-6: 8-dichloroanthraquinone by the
Sandmeyer reaction in the present work,
thus completing the series of trichloro-
anthraquinones.

The main work on trichloroanthraquinones
is due to Goldberg?#, whose method con-
sisted essentially in sulphonating a-chloro-
anthraquinone or an appropriate dichloro-
anthraquinone, separating the isomeric
chloroanthraquinone disulphonic acids and
dichloroanthraquinone monosulphonic acids,
and replacing the sulphonic groups by
chlorine. Goldberg undertook the synthesis
of the trichloroanthraquinones because they
are readily crystallizable, they have sharp
melting points, and the chlorine atoms can
be replaced by hydroxyl, methoxyl and
amino groups. They are consequently of
value in determining the constitution of
naturally occurring anthraquinone colouring
matters.

TRICHLOROANTHRAQUINONES
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TRICHLOROANTHRAQUINONE M.P. REFERENCE
°C.

194-95

1855 9,
235-36

222-23
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245 8
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Goldberg prepared 1: 2: 8-trichloroanthra-
quinone by the a-sulphonation of 1:7-di-
chloroanthraquinone in the presence of
mercury and replacement of the sulphonic
group by chlorine. Goldberg observed that
the entry of the sulphonic group into the
a-position ortho to the B-chlorine atom was
highly probable, and the trichloro com-
pound was, therefore, 1: 2: 8-trichloroanthra-
quinone; he added, however, that ‘ this
view must be accepted with reserve until
substantiated by further evidence”. The
three «-positions available for the entry of
a sulphonic group in 1:7-dichloroanthra-
quinone are 4, 5 and 8. Positions 4 and 5
are to be excluded as the trichloroanthra-
quinone is different from the known 1: 3: 5-
and 1:4: 6-trichloroanthraquinones!%1415,
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Hence the sulphonation of 1:7-dichloro-
anthraquinone takes place in the 8-position,
and Goldberg’s 1:2: 8-trichloroanthraqui-
none has the structure he assigned to it.

Experimental procedure

1- Amino - 2 - bromo - 6: 8 - dichloroanthra-
quinone (I11) — Finely powdered 1-amino-
6: 8-dichloroanthraquinone (I) ( 2:92 g.) was
suspended in glacial acetic acid (70 cc.).
Bromine (1-6 g.) in glacial acetic acid
(25 cc.) was added at 40°-50° during 3 hr.
with mechanical stirring. The temperature
was raised to 100° and stirring continued
for 2 hr. The mixture was cooled and the
precipitate collected (3-4 g.). Crystalliza-
tion from nitrobenzene gave red needles,
m.p. 277° (found: C, 45-3; H, 1-7; N, 3-7;
C,,H,0,BrCL,LN requires: C, 45-3; H, 1:6;
N, 3-8 per cent).

7-Bromo-1: 3-dichloroanthraquinone (111)—
1 - Amino - 2 - bromo - 6: 8 - dichloroanthra-
quinone (II) ( 3 g.) in concentrated sulphuric
acid ( 40 cc.) was cooled to 5° and diazotized
with a mixture of sodium nitrite (2 g.) and
concentrated sulphuric acid (10 cc.). Glacial
acetic acid (10 cc.) was added, followed after
1 hr. by crushed ice (100 g.) and alcohol
(150 cc.). When the mixture was heated on
a water bath for 1 hr., small orange-yellow
needles separated, which were collected,
washed and dried (2-5 g.). Crystallization
from glacial acetic acid gave orange-yellow
needles, m.p. 205° ( found: C, 47-5; H, 1-5;
C1H;0, BrCl, requires: C, 471; H, 1-4 per
cent ).

1:3: 7 - Trimethoxyanthraquinone  (IV) —
(a) 7-Bromo-1:3-dichloroanthraquinone (IIT)
(1g.) was heated with a mixture of anhy-
drous methanol (20 cc.) and sodium (1 g.)
in a sealed tube for 8 hr. at 160°-70°. On
pouring the reaction mixture into water,
the product was collected, washed free from
alkali and dried (0-4 g.). Crystallization
from xylene gave yellow needles, m.p. 226°
(found: C, 68-9; H, 5-0; C;;H,,0; requires:
C, 685; H, 48 per cent).

(b) A solution of sodium methoxide was
prepared by adding as much sodium to
anhydrous methanol (50 cc.) as dissolved
in it at room temperature. The halide (III)
(1 g.) was then introduced, and the mixture
refluxed for 36 hr. After dilution with
water the yellow precipitate was collected,
washed and dried (07 g.). Crystallization
from xylene gave yellow needles, m.p. 226°.

1: 3 : 7-Trikydroxyanthraquinone (V) —
1:3:7-Trimethoxyanthraquinone (IV) (0-5 g.)
was dissolved in dry benzene ( 300 cc.) and
anhydrous aluminium bromide (1:5 g.) was
added. A dark red complex separated.
The mixture was refluxed on a water bath
for 4 hr. and benzene distilled off. On
cooling, the residue was treated with 2
per cent hydrochloric acid, when a yellow
product (0-3 g.) separated. Crystallization
from glacial acetic acid gave yellow micro-
scopic needles. The substance darkened at
about 330° and did not melt up to 360°
(found: C, 65-6; H, 3-3; C,,H O, requires:
C, 65:6; H, 3-1 per cent). The substance
dissolves in concentrated sulphuric acid with
a brownish red colour, in aqueous caustic
soda with a reddish orange colour, and in 5
per cent sodium carbonate solution with a
yellowish orange colour. An alcoholic solu-
tion gives with alcoholic ferric chloride a
red colouration. The triacetate crystallized
from alcohol in pale yellow needles, m.p.
175° (found: C, 63-3; H, 4-0; C,H;4O4
requires: C, 62:8; H, 3-7 per cent).

1: 3-Dichloro-8-hydroxyanthraquinone
(VI) — 1-Amino-6: 8-dichloroanthraquinone
(I) (5g.) in concentrated sulphuric acid
(100 cc.) was cooled to 5° and diazotized
with a mixture of sodium nitrite (5 g.) and
concentrated sulphuric acid (20 cc.). The
diazonium solution was added to 50 per
cent sulphuric acid ( 300 cc.) and the mixture
heated at 140° for 1 hr., when a yellow
product separated. After dilution, the pre-
cipitate was collected, washed and dried
(475 g.), m.p. 224°-25°. Crystallization from
glacial acetic acid gave golden yellow
needles, m.p. 226° (found: C, 57-4; H,
2+4; Cl, 23-8; C;,H¢O4Cl, requires: C, 57-0;
H, 2:0; Cl, 24-2 per cent).

1: 3-Dichloro-8-acetoxyanthraquinone —
Acetylation of 1:3-dichloro-8-hydroxyanthra-
quinone (VI) (0-5 g.) with boiling pyridine
(10 cc.) and acetic anhydride ( 1 cc.) during
30 min. and crystallization from acetic acid
gave pale yellow needles, m.p. 190° ( found:
C, 571; H, 23; C,4HO,Cl, requires: C,
57°3; H, 2'4 per cent).

1: 3-Dichloro-8-methoxyanthraguinone
(VII) — Methylation of 1: 3-dichloro-8-hy-
droxyanthraquinone (VI) (1-0 g.) with an-
hydrous potassium carbonate (10 g.) and
dimethy! sulphate (2 cc.) in boiling acetone
(300 cc.) for 8 hr. gave the ether (VII)
(1-02 g.), which crystallized from alcohol
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in shining lemon-yellow needles, m.p. 201°
(found: C, 589; H, 2:6; C;;HZO,Cl, re-
quires: C, 58:6; H, 2-6 per cent ).

1: 3: 8-Trimethoxyanthraquinone (VIII) —
1: 3-Dichloro-8-methoxyanthraquinone (VII)
(10 g.) was refluxed with a mixture of
anhydrous methanol (50 cc.) and sodium
(25 g.) for 20 hr. On dilution with water
a yellow product separated. This was
collected, washed and dried (0-8 g.). Crys-
tallization from alcohol gave shining yellow
plates, m.p. 196° (found: C, 68-8; H, 5-0;
OMe, 3149; calculated for C,;H,,0;: C, 68:5;
H, 4-8; OMe, 31-2 per cent ). Anslow ef al.?
quote m.p. 195°-96°. The substance dis-
solves in concentrated sulphuric acid with a
red colour, exhibiting a blue shade at the
surface when the solution is shaken.

1: 3: 8-Trihydroxyanthraquinone (IX) —

1:3: 8- Trimethoxyanthraquinone (VIII)

(0-5 g.) was dissolved in dry benzene (200
cc.) and anhydrous aluminium bromide
(1-5 g.) dissolved in benzene (20 cc.) was
added, when a dark greenish complex
separated. After refluxing on a water bath
for 2 hr., benzene was distilled off, the com-
plex broken with dilute hydrochloric acid,
and the brown product ( 0-3 g.) crystallized
from ethyl acetate. The brown elongated
plates had m.p. 287° (found: C, 65-4; H,
3-3; calculated for C,H,O,: C, 65-6; H,
3-1 per cent). Anslow ef al.? cite the m.p.
287°-88°. The substance dissolves in con-
centrated sulphuric acid with a reddish
orange colour and in aqueous sodium hydro-
xide and sodium carbonate with a red colour.
These properties are in agreement with those
described by Anslow ef al.3. An alcoholic
solution gives with alcoholic ferric chloride a
cherry-red colouration.

1:3: 8-Trichloroanthraquinone — Finely
powdered  1-amino-6: 8-dichloroanthraqui-
none (I) (2-0 g.) was suspended in glacial
acetic acid (40 cc.) and the mixture heated
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to boiling. Concentrated hydrochloric acid
(10 cc.) was added, and after cooling to 0°,
diazotization was effected with sodium
nitrite (2 g.) in water (10 cc.). The dia-
zonium solution was poured slowly into a
freshly prepared and cooled solution of
cuprous chloride (5 g.) in concentrated
hydrochloric acid (200 cc.) with continuous
stirring, The mixture was allowed to warm
up to room temperature and then heated
on a water bath for 2 hr. A brownish yellow
product separated. This was collected, wash-
ed and dried ( 1-75 g.). Crystallization from
glacial acetic acid gave brownish yellow
needles, m.p. 220° (found: C, 54-2; H,
2:0; C;,H;0,Cl; requires: C, 54-0; H, 1-6 per
cent ).
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Thiophenes & Thiapyrans: Part XIII—
Syntheses of Benzodithiophenes
& Benzodithionaphthenes

D. S. RAO & B. D. TILAK
Department of Chemical Technology, University of Bombay, Bombay

Syntheses of the hitherto unknown benzo-
(1:2-b, 5:4-b’)-dithiophene (I), benzo-
(1:2-b, 3:4-b’)-dithiophene (II) and benzo-
(1:2-b, 3: 4-b’)-dithionaphthene (IX) starting
from benzene-m-dithiol, bromoacetaldehyde
dimethyl acetal and 2-bromocyclohexanone
are reported. The constitution of the products
was proved by unambiguous synthesis of (II)
and (IX) from 1-chloro-2:4-dimercaptoben-
zene. Oxidation of (IX) gave a colourless
disulphone.

phenes (I-IV and V; R =H ) have so

far been synthesized, although a few
derivatives of (I), (III) and (V) (R =H) have
been reported. Dihydroxybenzodithiophenes
have been prepared by cyclization of phenyl-
ene-1: 2-, 1: 3- and 1: 4-dithioglycollic acids!.
Of these only phenylene-1: 2-dithioglycollic
acid would lead unambiguously to 3: 6-di-
hydroxybenzo-(2 : 1-b, 3 : 4-b’)-dithiophene
(V; R=0H), whereas each of the other two
dithioglycollic acids may lead to two possible
dihydroxybenzodithiophenes. ~ The struc-
tures assigned earlier to these compounds!
cannot, therefore, be regarded as proved.
Oxidation of the above hydroxy derivatives
leads to thioindigoid dyes which are of great
interest on account of the fact that the
parent dihydroxybenzodithiophenes are func-
tionally capable of leading to a polymeric
thioindigoid dye on oxidation. Buu Hé6i and
Nguyen-Hoan prepared 2-methylbenzo-(1: 2-
b, 4:5-b")-dithiophene by pyrolysis of
2: 5-dimethyl-3-( 2'-thenoyl)-thiophene, but
they have described the product as of
doubtful structure and purity?. Benzo-(1:
2-b, 5:4-b')-dithiophene (I) and benzo-
(1:2-b, 3:4-b’")-dithiophene (II) have now
been prepared starting from benzene-m-
dithiol by the general method for the syn-
thesis of thionaphthene and its derivatives®.
Condensation of benzene-m-dithiol with
two molecules of bromoacetaldehyde di-

NONE of the five possible benzodithio-

1
S
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58 3 U S i3
! [ . L]
L 5
4, R
] (3,
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(Hco), o CH (OCH)

CH
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——» 1(A) + n(B)

vi

methyl acetal gave 1:3-bis-w-dimethoxy-
ethylmercaptobenzene (VI).

Ring closure of (VI) gave two isomers:
A, m.p. 184°, and B, m.p. 43°-44°. In view
of the two alternative directions of cycliza-
tion of the side chains in (VI), A and B may
be represented by either (I) or (II).

Benzo-( 1: 2-b, 3:4-b")-dithiophene (II)
was synthesized unambiguously starting from
1-chloro-2: 4-dimercaptobenzene. Condensa-
tion of the latter with two molecules of bro-
moacetaldehyde dimethyl acetal gave 1-
chloro-2 : 4-bis-w-dimethoxyethylmercapto-
benzene (VII). Cyclization of (VII) gave 8-
chlorobenzo-(1:2-b, 3:4-b’)-dithiophene
(VIII), which on subsequent dehalogenation

gave (II).
o]
I —
s s
vil

a CH(OCHY),
SQS /éHz
C|H1—CH(0CH3)2

Product B obtained from (VI) proved to be
identical with (II). Product A has, there-
fore, been assigned the structure benzo-

i
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(1:2-b, 5:4-b" )-dithiophene (I). The yield
of the mixture of A and B obtained from (VI)
was 50 per cent, but the yield of the indivi-
dual component in pure form was low. In
order to- determine the percentage compo-
sition of the above mixture, the absorption
spectra of (I)A and (II)B and the cycliza-
tion product after one distillation were
determined. On the basis of Friedel and
Orchin spectrophotometric analysis?, the
mixture contained (I) and (II) in the pro-
portion of 41 and 59 per cent respectively.
None of the five possible benzodithio-
naphthenes (dibenzo derivatives of I-V)
have been prepared, although the 4:8-
quinones® and 4: 8-dimethyl derivatives®
( also GHAIsAs and TILAK, unpublished data )
from the dibenzo derivatives from (I) and
(ITT) have been reported. Benzo-(1: 2-b,
3:4-b")-dithionaphthene (IX) has now been
prepared starting from benzene-m-dithiol by
the general method for the synthesis of
dibenzothiophenes described earlier by us”.
Condensation of benzene-m-dithiol with
two molecules of 2-bromocyclohexanone gave
m - di - (2-ketocyclohexyl) - mercaptobenzene
(X). Ring closure of the latter gave C which
may be assigned the structure (XI) or (XII).
Dehydrogenation of C gave D which may be
assigned the structure (IX) or benzo-(1: 2-b,
5:4-b")-dithionaphthene (XIII).

CLa
SN
H H

X

Benzo - (1:2-b, 3:4-1’) - dithionaphthene
(IX) was synthesized unambiguously start-
ing from 1-chloro - 2: 4 - dimercaptobenzene.
Condensation of the latter with two molecules
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of 2-bromocyclohexanone gave 1-chloro-2:
4-di- (2-ketocyclohexylmercapto ) - benzene
(XIV) which on cyclization gave 11-chloro-
1:2:3:4:6:7: 8: 9-octahydrobenzo-( 1: 2-b,
3:4-b")-dithionaphthene (XV). Dehalogena-
tion of (XV) gave 1: 2: 3:4: 6: 7: 8: 9-
octahydrobenzo-(1: 2-b, 3: 4-b’)-dithionaph-
thene (XII) which was found to be iden-
tical with C. The latter has, therefore, been
assigned the structure (XII). Dehydrogena-
tion of (XII) gave (IX), a compound which
was identical with D. The latter has, there-
fore, the structure (IX). Compound (XV) was
also directly converted into (IX) in one step
by heating with selenium.

After the isolation of (XII)C from the
crude product obtained by cyclization of (X),
the remaining material was carefully worked
up with a view to isolating (XI) which may
be also formed along with (XII). These
attempts, however, proved unsuccessful.

GO
S s
H H
Xiv

The constitution of product D can be
determined by studying its oxidation. If it
had the linear structure (XIII), it would
have led to the known 6: 12-diketobenzo-( 1:
2-b, 5:4-b’)-dithionaphthene (XVI)5. How-
ever, oxidation of D gave a colourless disul-
phone which, in view of the identity of D
with (IX), is given the structure (XVII).

Methods described in literature for the pre-
paration of benzene-m-dithiol and 1-chloro-
2: 4-dimercaptobenzene are unsatisfactory.
The dithiols have now been prepared by con-
venient laboratory methods starting from
benzene, chlorobenzene and chlorosulphonic
acid, through the m-disulphonyl chlorides.
The overall yields of the dithiols on the basis
of benzene and chlorobenzene used are 22-25
and 45 per cent respectively.

The absorption spectra of (I) and (II)
have been compared with those of anthra-
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cene and phenanthrene (Fics. 1 and 2).
The similarities observed are in accord with
our previous observations®®? and those of
others!® on similar compounds. The diver-
gence in the spectra of (I) and anthracene
after 260 my. merits further investigation.

Experimental procedure

Benzene-m-dithiol — Chlorosulphonic acid
(500 g.) was taken in a three-necked flask
fitted with a stirrer, a water condenser, a
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F1G. 1 — ABSORPTION SPECTRA OF ANTHRACENE (A)
AND BENZO-(1:2-b, 5: 4-b” )-DITHIOPHENE (B)
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F1G. 2 — ABSORPTION SPECTRA OF PHENANTHRENE
(A) AND BENZO-( 1: 2-b, 3: 4-b’ )-DITHIOPHENE (B)

calcium chloride tube and a dropping funnel.
The acid was heated to 100°-120° and ben-
zene (100 cc.) added dropwise in 14 hr.  The
temperature was raised to 150°-60° and the
mixture kept at this temperature for 3 hr.
After cooling to room temperature, the
mixture was poured over crushed ice with
vigorous stirring. The precipitated disul-
phonyl chloride was used directly for reduc-
tion.

Benzene-m-disulphonyl chloride, prepared
above, was added to concentrated hydro-
chloric acid (800 cc.) kept in a 3-1. flask
fitted with a stirrer and cooled externally
with freezing mixture. After cooling the
mixture to 0°-5°, zinc dust (250 g.) was
added in 5 g. lots keeping the temperature
below 25°-30°. The mixture was worked up
in an ice bath for another 2 hr. and then left
overnight at room temperature. Care was
taken to see that an excess of zinc dust was
present throughout the reduction. The di-
thiol was isolated from the reaction mixture
by steam distillation, and ether extraction
of the steam-distilled product. The crude
product (33 g.) on distillation gave pure
benzene-m-dithiol (31-41 g.; yield 22 per
cent on the basis of benzene used), b.p.
90°-100° ( bath temp.)/1-5 mm.; literature!?,
b.p. 123°/17 mm.

1: 3- Bis- @ -dimethoxyethylmercaptobenzene
(VI) — Benzene-m-dithiol (12-1 g.), sodium
(4-0 g.), bromoacetaldehyde dimethyl acetal
(32 g.) and absolute alcohol (200 cc.) were
refluxed for 3 hr. After removal of the
alcohol by distillation, the mixture was
diluted with water and extracted with ether.
The ether extract gave the sulphide (VI)
(23 g.) which on distillation gave a pale
yellow oil (18 g., yield 66 per cent), b.p.
175°-200° (bath temp.)/1-5 mm. All at-
tempts to purify the sulphide by high vacuum
distillation proved unsuccessful.

Ring closure of (VI) — Compound (VI)
(9-5 g.), phosphorus pentoxide (40 g.) and
benzene (100 cc.) were refluxed for 3 hr.
The mixture was poured into crushed ice and
the solution made just alkaline to phenol-
phthalein. The benzene layer was separated
and the aqueous solution repeatedly extrac-
ted with more benzene. The benzene ex-
tracts were washed, dried ( Na,SO, ) and the
solvent removed. The viscous liquid (4-0g.)
obtained gave, on distillation, a yellow oil
(2-84 g., yield 50 per cent ), b.p. 120°-250°
(bath temp.)/3 mm. The product partly
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solidified on keeping. Treatment of the oil
with hot alcohol and cooling gave product A
(061 g.; m.p. 60°-85°). After three recrys-
tallizations from alcohol, A gave m.p. 181°-
83°. After further recrystallizations from
petroleum ether (b.p. 60°-80°) it gave lus-
trous white plates, m.p. 184° (found: C,
63-3; H, 3-4; C,,H¢S, requires: C, 63-2;
H, 3-2 per cent ). The product did not givea
monopicrate, but gave a dipicrate which
crystallized from alcoholin orange-red needles,
m.p. 136° (found: N, 13-4; C,,H,;,N40,S,
requires: N, 13-0 per cent).

The mother liquor, after separation of A,
was refluxed with a saturated alcoholic
solution of picric acid (2 g.). The mixture on
cooling gave orange needles of the picrate
from product B. The picrate was sparingly
soluble in alcohol from which it was recrystal-
lized - twice. The picrate, m.p. 145°-48°,
(1-89 g.) obtained corresponds to 0-86 g. of
the parent product B. The picrate was
decomposed by 2 per cent aqueous ammonia
solution and the precipitated product was
extracted with ether. The ethereal layer
was washed several times with ammonia
solution to remove the residual picric acid
and then dried over anhydrous sodium sul-
phate. The brown residue, left after the
removal of ether, on distillation gave a pale
yellow oil (0-51 g., yield 9 per cent), b.p.
120°-200° ( bath temp.)/3 mm. The dis-
tilled product was crystallized twice from
alcohol when lustrous white plates of B,
m.p. 43°, were obtained (found: C, 63-8;
H, 34; C;,HS, requires: C, 63-2; H, 3-2 per
cent ). The picrate gave orange needles
from alcohol, m.p. 148°-49° ( found: N, 9-7;
C16HgN30,S, requires: N, 10-0 per cent).

The melting points of product B and its
picrate were not lowered when admixed with
(II) and its picrate, showing thereby the
identity of the two sets of compounds.

1-Chloro-2: 4-dimercaptobenzene—1-Chloro-
benzene-2: 4-disulphonyl chloride was pre-
pared by heating a mixture of chlorobenzene
(110 g.) and chlorosulphonic acid ( 850 g.) at
150°-80° for 3 hr. The procedure followed
was essentially the same as that described
earlier for the preparation of benzene-
m-disulphonyl chloride. The reaction mix-
ture on pouring over crushed ice gave the
disulphonyl chloride which was used for
reduction.

The crude sulphonyl chloride was added to
concentrated hydrochloric acid (1,000 cc.)
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under stirring at 0°-5°. Zinc dust (500 g.)
was gradually added keeping temperature
below 30°.  Initially the reaction was
vigorous and the addition of zinc dust had to
be carefully controlled. The mixture was
then stirred for 5 hr., meanwhile allowing
the temperature of the mixture to rise to
room temperature. After addition of con-
centrated hydrochloric acid (300 cc.) and a
little zinc dust, the mixture was left over-
night. More hydrochloric acid ( 300 cc.) was
then added and the chlorodithiol isolated
by steam distillation of the reaction mix-
ture. The thiol was extracted with ether
and purified by distillation (yield 80 g.;
45 per cent on the basis of chlorobenzene
taken ), b.p. 138°/8 mm.; literature!?, b.p.
145°-46°/13-14 mm.

1-Chloro-2: 4-bis-w-dimethoxyethylmercapto-
benzene (VII) — 1-Chloro-2: 4-dimercapto-
benzene (10 g.), sodium (2-7 g.), bromo-
acetaldehyde dimethyl acetal (20 g.) and
alcohol (125 cc.) were refluxed for 3 hr.
The sulphide ( 16-5 g.), on distillation, gave a
yellow oil (14:5 g., yield 72 per cent ), b.p.
170°-200° ( bath temp.)/1-75 mm. The pro-
duct was redistilled five times and finally
collected at 148°-52°, ( bath temp.)/0-02 mm.
(found: C, 48-2; H, 57; C,H,,ClO,S, re-
quires: C, 47-7; H, 59 per cent).

8-Chlorobenzo-(1: 2-b, 3:4-b")-dithiophene
(VIII) — The sulphide (VII) (14 g.), phos-
phorus pentoxide (80 g.) and benzene
(150 cc.) were refluxed for 3 hr. The
cyclization product ( 8-43 g.) on distillation
gave a yellowish brown oil (3-99 g., yield
45 per cent ), b.p. 160°-220° ( bath temp.)/
8-9mm. The product, after separation from
petroleum ether (b.p. 60°-80°) gave pale
yellow needles ( 16 g.), m.p. 70°-74°. The
product, after sublimation at 120°-30°,
( bath temp.)/0-5 mm., was crystallized from
petroleum ether when it gave needles, m.p.
74°-75°, raised to 76° by two more recrystal-
lizations from the same solvent (found:
C, 53+4; H, 2-3; Cl, 156; C,,H,CIS, requires:
C, 53:4; H, 2-2; Cl, 158 per cent). The
picrate gave yellow needles from alcohol,
m.p. 112°-13° ( found: N, 9-2; C,HCIN;0,S,
requires: N, 9-3 per cent).

Benzo-(1:2-b, 3:4-")-dithiophene (1) —
Chlorobenzodithiophene (VIII) was dehalo-
genated according to the method of Edwards
and Stuart!®. A mixture of (VIII) (0-67 g.),
cuprous oxide (0-575 g.), acetic anhydride
(0-43 g.) and pyridine ( 2 cc.) was heated at
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150°-80° for 15 hr. The dehalogenated pro-
duct (IT) ( 0-56 g.) isolated by extraction with
benzene gave on distillation a pale yellow oil
(0-49 g., yield 86 per cent), b.p. 120°-40°
( bath temp.)/1 mm., which soon solidified.
On crystallization from alcohol, the product
gave lustrous plates, m.p. 43°-44° ( found:
C, 63-7; H, 3:3; C,oHgS, requires: C, 63-2;
H, 3-2 per cent ). The picrate gave orange
needles from alcohol, m.p. 148°-49° ( found:
N, 9-8; C;4HgN;O,S, requires: N, 10-0 per
cent ).

m -Di-( 2 -ketocyclohexyl ) - mercaptobenzene
(X) — Benzene-m-dithiol (10 g.) was dis-
solved in 10 per cent aqueous potassium
hydroxide (8 g. in 80 cc. water). After
cooling the solution to 20°-25°, 2-bromo-
cyclohexanone (28 g.) was added dropwise
in 15 min. under stirring and cooling. After
stirring for 1 hr., the contents were diluted
with water and extracted with ether. The
product (196 g.), obtained after removal of
ether, gave on distillation a pale yellow
viscous oil (129 g., yield 55 per cent),
b.p. 190°-220°/0-04 mm. It was distilled
three times and finally collected at 200°-204°/
0-04 mm. ( found: C, 65-2; H, 6-8; C,5H,,0,S,
requires: C, 64-7; H, 6-6 per cent ).

Cyclization of (X) to C— A mixture of
(X) (12 g.), phosphorus pentoxide (80 g.)
and benzene ( 150 cc.) was refluxed for 24 hr.
The cyclization product (9-97 g.) was dis-
solved in hot acetone ( 125 cc.), the sclution
decolourized with Norit and filtered. The
cyclized product C separated on cooling and
had a m.p. 123°-31°. The mother liquor was
concentrated to 25 cc., treated with Norit,
filtered and cooled when another crop of C,
m.p. 120°-30° ( 0-87 g.) ( total yield 5-97 g.,
56 per cent ), was obtained. Both the crops
were mixed and recrystallized from acetone.
The purified product ( 4-3 g.), m.p. 132°-37°,
was recrystallized five times from benzene-
petroleum ether ( b.p. 60°-80°) mixture when
C separated out as colourless needles, m.p.
136°-37° (found: C, 72-3; H, 6:0; CgH S,
requires: C, 72-5; H, 6:0 per cent). The
sym-trinitrobenzene derivative gave orange-
yellow needles, m.p. 200°-201°, from benzene-
petroleum ether (b.p. 60°-80°) (found: N,
8:5; Cy4H; N3OS, requires: N, 8-1 per cent).

Dehydrogenation of C to D — A mixture of
C (1 g.) and selenium (1-5 g.) was heated
at 300°-320° for 22 hr. The dehydrogenated
product D (0-98 g.) isolated by extraction
with benzene on crystallization from benzene-

n-hexane gave needles, m.p. 166°-68° (0-45g.,
yield 46 per cent ), raised to 167°-68° after
recrystallization from the same solvents
(found: C, 74-4; H, 3-8; CgH,,S, requires:
C, 74-4; H, 3-4 per cent ). The sym-trinitro-
benzene derivative gave orange needles, m.p.
174°-75°, from a mixture of benzene and
petroleum ether ( found: N, 8:6; C4,H,3N30,S,
requires: N, 8-3 per cent).

The melting points of C and D and their
sym-trinitrobenzene derivatives were not
lowered on admixture with (XII) and (IX)
and their respective sym-trinitrobenzene
derivatives. Compounds C and D are, there-
fore, identical with (XII) and (IX) respec-
tively. ,

1-Chloro-2: 4-di-( 2-ketocyclohexylmercapto )-
benzene (XIV) — 1-Chloro-2: 4-dimercapto-
benzene (10 g.) was condensed with 2-
bromocyclohexanone (20-5 g.) as in the
synthesis of (X). The condensation product
(20-1 g.) gave, on distillation, (XIV) as a
viscous oil (114 g., yield 55 per cent),
b.p. 200°-250° ( bath temp.)/0-02 mm., which
was used in the subsequent experiment with-
out further purification.

11-Chloro-1:2:3:4:6:7: 8: 9-octahydroben-
z0-(1:2-b, 3:4-b")-dithionaphthene (XV) —
A mixture of (XIV) (10 g.), phosphorus pen-
toxide (60 g.) and benzene (100 cc.) was
refluxed for 3 hr. The cyclization product
(9-42 g.) was dissolved in benzene and a
saturated solution of picric acid in benzene
was added and the mixture heated to boil.
The clear solution on cooling gave a red-
coloured picrate which was collected and
decomposed with 2 per cent aqueous ammonia.
The purified product (XV) (6-43 g.) on crys-
tallization from benzene-petroleum ether
(b.p. 60°-80°) gave needles, m.p. 137°-39°
(419 g., yield 46 per cent ), raised to 140° by
three further recrystallizations from the same
solvents (found: C, 64-9; H, 5-4; Cl, 11-0;
C1sH;CIS, requires: C, 65-0; H, 5-1; Cl, 10-7
per cent). The sym-trinitrobenzene deri-
vative crystallized from benzene-petroleum
ether (b.p. 60°-80°) in yellow needles, m.p.
200°-201° (found: N, 7-7; CyHyCIN;OgS,
requires: N, 7-6 per cent ).

1:2:3: 4:6:7: 8:9-Octahydrobenzo-( 1: 2-
b, 3:4-b')-dithionaphthene (XII) — A mix-
ture of (XV) (3-1 g.), cuprous oxide ( 2-5 g.),
acetic anhydride (1-55 g.) and pyridine
(3 cc.) was heated at 150°-60° for 20 hr.
The dehalogenation product ( 2:6 g.) isolated
by extraction with benzene gave on crystal-
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lization from petroleum ether ( b.p. 60°-80° )
colourless needles ( 2+4 g., yield 86 per cent ),
m.p. 134°-36°, raised to 136°-37° by three
further recrystallizations from benzene-petro-
leum ether ( found: C, 72:5; H, 5-7; C,sH 35S,
requires: C, 72:5; H, 60 per cent). The
sym-trinitrobenzene derivative gave orange-
yellow needles when crystallized from ben-
zene-petroleum ether (b.p. 60°-80°), m.p.
200° ( found: N, 8-3; C,yH, N304, requires:
N, 81 per cent).

Benzo-(1:2-b,3:4-b")-dithionaphthene (1X):
Method A — A mixture of (XV) (3-3 g.)
and selenium (5 g.) was heated at 300°-350°
for 48 hr. The product ( 2-8 g.), isolated by
extraction with benzene and on crystalliza-
tion from benzene-petroleum ether (b.p.
60°-80° ), gave needles, m.p. 164°-66°, raised
to 167°-68° by further recrystallization from
ether (found: C, 74-2; H, 3-1; S, 22:8;
CisH ¢S, requires: C, 74-4; H, 3-4; S, 220
per cent ). The sym-trinitrodibenzene deri-
vative crystallized from benzene-petroleum
ether in orange-yellow needles, m.p. 174°
(found: N, 7:9; C,H;3N;O,S, requires: N,
8-3 per cent).

Method B — Compound (IX) was also
prepared by the dehydrogenation of (XII).
A mixture of (XII) (1-5 g.) and selenium
(2 g.) was heated at 300°-350° for 24 hr.
The product (1-39 g.) isolated as above
crystallized from benzene-petroleum ether
in colourless needles (098 g., yield 67 per
cent). The latter after five recrystalliza-
tions from the same solvents gave needles
melting at 167°-68°.

Sulphone (XVII) — A solution of chro-
mium trioxide ( 0-34 g.) in acetic acid ( 3 cc.)
and water (2 cc.) was added to a boiling
solution of (IX) (0-170 g.) in acetic acid
(15 cc.). The mixture was boiled under
reflux for 2 hr. After cooling and dilution
with water the mixture was filtered. The
oxidation product crystallized from acetic
acid in colourless needles which did not melt

834

up to 360° (found: C, 61-5; H, 2-9; C,;sH,0,S,
requires: C, 61-0; H, 2-8 per cent ).

Absorption spectra

Spectra of products (I) and (II) and the
cyclization product [ mixture of (I) and II) ]
obtained from (VI) were determined employ-
ing alcohol as solvent and a concentration of
M/30,000. The log € and mp values are
given below. .

Compound (I) — Amax., 254, 302 my; log
€, 48, 37; Anin., 218, 270 my.; log €, 39, 3-2.

Compound (11) — Amax., 223, 254, 274, 284,
308 my; log €, 42, 4-6, 4-0, 3-8, 3:1; Auin.,
226, 280, 300, 312, 316 my; log ¢, 41, 3-8,
28,27, 2:6.

Mixture of (1) and (I1) obtained from (VI) —
Amax., 254, 274, 284, 306 my; log €, 45, 39,
3-8, 3-5; Aumin, 272, 280, 304, 318 my; log e,
39, 3-8, 35, 3-3.
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Chemical Components of
Commercial Woods & Related

Plant Materials ;: Part II — The
Heartwood of Pinus excelsa Wall.

V. B. MAHESH & T. R. SESHADRI
Department of Chemistry, Delhi University, Delhi

A study of the Himalayan ( Simla ) sample of
Pinus excelsa has revealed the presence of the fol-
lowing compounds not reported earlier: galan-
gin, izalpinin, pinobanksin-7-methyl ether,
2-hydroxy-4:6-dimethoxy chalkone, 4-hydroxy
stilbene, 4-methoxy stilbene and pinosylvin
dimethyl ether. The association of chalkone,
flavanone, dihydroflavonol and flavonol is
significant from the point of view of biogenesis.
The occurrence of 4-methoxy and 4-hydroxy
stilbene is also of considerable interest.

this laboratory of Indian timber trees,

Pinus excelsa of the Himalayas was also
examined. We were originally under the
impression (from literature available in
abstracts!) that the earlier work of Lind-
stedt? related mainly to wood of Scandi-
navian origin. Recently, however, we ob-
tained the original paper of Lindstedt which
showed that his study related to the heart-
wood of Indian Pinus excelsa. As a result
of the present study, some more compounds,
not isolated by Lindstedt, have been ob-

Rt

IN the course of a general investigation in

tained from the heartwood of this tree and
characterized. These compounds give a
further insight into the origin and evolution
of heartwood components.

Pinus excelsa Wall. (syn. Pinus walli-
chiana Jacks; Pinus griffithi M’clelland ) is
a Haploxylon pine belonging to the group
Strobi?, growing on the slopes of the Hima-
layas at an altitude of 6,000-8,000 ft. above
sea level. It is a conifer commonly known in
India as Kazsl; its trade name is Blue Pine.

Lindstedt extracted the heartwood? in the
cold with ether and subsequently with
acetone. The first extract was then frac-
tionated into portions soluble in petroleum
ether, in aqueous sodium carbonate, and in
0-2 per cent and 4-0 per cent aqueous sodium
hydroxide. The acetone extract was divided
into fractions based on solubility in water
and in different alkalies. The water soluble
fraction was further fractioned with the help
of phenyl hydrazine. The petroleum ether
solution gave an oil and resin acids. From
the other fractions he obtained the following

9,
e
CHI

OH co OH co
I R=H WmR= V R=H
N R=CHj IV R=CH; VI RI=CHy
OCH, (IZHO
RO (IZH H—(I:—OH
CH:CH@ HO—HC CH-OH HO—C— H
HO—-HC CH-OH
RO vt R=H; R=cH, CH HO=—C=H
Vil R= R'=H 6H CH,OH
IX R=R'=CH; ’
X Xi
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substances: chrysin (I), tectochrysin (II),
pinobanksin (III), pinocembrin (V), pino-
sylvin monomethyl ether (VII), pinitol (X),
and vr-arabinose (XI).

Subsequently, using paper chromato-
graphy4, he detected the presence of pino-
sylvin (VIII), dihydro pinosylvin mono-
methyl ether (XII), pinostrobin (VI) and
another phenolic component ( R; value 0-4),
which could not be identified. His results
also indicated that the Indian and British
samples of Pinus excelsa® had the same
chemical components.

HO
Dyeron)
CH30 X1

The method of extraction used in the
present work is slightly different. It has
been found more convenient to remove
essential oils first by extraction with cold
petroleum ether. This fraction yields a
liquid giving triterpene reaction and a crys-
talline substance melting at 160° whose
chemical nature is still under investigation.
Subsequent extraction of the wood with cold
ether and hot alcohol, and fractionation of
these extracts with aqueous alkali have led
to the isolation and characterization of the
following compounds not detected before in
Pinus excelsa: galangin (XIII), izalpinin
(XIV), pinobanksin-7-methyl ether (IV),
2-hydroxy-4: 6-dimethoxy chalkone (XV),
4-hydroxy stilbene (XVI), 4-methoxy stil-
bene ( XVII) and pinosylvin dimethy! ether
(IX).

“
X
OH
OH co
Xl rR=w
Xiv R=CHy

CHy OH 7\
- no@cuxu@
o
ocH
Xy

XVI R=H
XVil R=cCHy

The scheme of extraction and the products
isolated from different extracts are shown
in the chart ( F1c. 1).

It may be pointed out that the presence
of chalkones has not been noted in the wood
of pines before. Previous work indicated
the common occurrence of dihydro flavonols;
however, that the corresponding flavonols
also accompany them in these woods is
again a new observation. This association is
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known to occur elsewhere, e.g. fustin and
fisetin in the wood of Rhus succedanea®, and
ampelopsin and myricetin in  Ampelopsis
meliaefolia” and is of value in the study of
biogenesis. More interesting is the occur-
rence of the two stilbene derivatives, 4-
hydroxy (XVI) and 4-methoxy stilbenes
(XVII), not so far met with in natural
products.

A highly significant observation is the
simultaneous occurrence of closely related
phloroglucinol derivatives: chalkone (XV),
flavanone (V), hydroxy flavanone (III),
flavone (I) and flavonol (XIII). All these
have no substituent in the side phenyl
nucleus. It could be suggested that the
chalkone represents the earliest stage among
them. As alrcady established 2:4: 6-tri-
hydroxy chalkone (XVIII) would be un-
stable8 and hence it would change into
5:7-dihydroxy flavanone (V). The exist-
ence of the chalkone dimethyl ether (XV)
is obviously due to prior methylation of the
phenolic hydroxyl groups before the actual
chalkone structure is produced and this
stabilizes the chalkone. From flavanone (V)
a stage of oxidation should be leading to
the formation of 3-hydroxy flavanone (I11I).
This stage involves hydroxylation of re-
active CH, group of the flavanone (V).
There is reason to believe that this can take
place under biological conditions. It has
been recently shown that N-bromo succini-
mide, which reacts by generation of bromine
atoms, forms 3-bromo flavanones smooth-
ly®. A close analogy is cholesterol which
yields the 7-bromo compound with the
above brominating agent and 7-hydroxy
cholesterol by biological oxidation; the
activity of the concerned CH, group is due
to electromerism shown below; laboratory
analogies in support of this suggestion are
now available and will be described sepa-
rately.

1|
=C
\C/CHZ L%C/CHz

&

The subsequent changes which 3-hydroxy
flavanone (III) undergoes have received con-
siderable experimental support!®. Earlier
it was observed that under alkaline conditions
in presence of air'h!2 or hydrogen pero-
xide!113, flavonols are formed. It has been
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HEARTWOOD

Extracted with petroleum ether

)
Extract
(i) A compound melting at 160°
(1i) An oil giving triterpene reaction

l
Residue

Extracted with ether

|
Extract
t

|
Residue

!
Phenolic fraction

|
Neutral fraction

(i) 4-Methoxy stilbene
(i) Pinosylvin dimethyl ether

Extracted with alcohol

|
0-29% NaOH soluble fraction
2-Hydroxy-4: 6-dimethoxy
chalkone

|
Na,COj soluble fraction
(i) Chrysin
(ii) Pinobanksin

|
4% NaOH fraction
. (i) Tectochrysin
(ii) Pinosylvin monomethyl
ether

|
Na,CO, soluble fraction 0-29% NaOH soluble fraction

(i) Galangin (i) Pinosylvin
(ii) Pinobanksin (11) Izalpinin
(iii) Chrysin (iii) Pinocembrin

(iv) Pinocembrin

|
Residue
( wood )

|
4% NaOH soluble fraction
(l) Pinobanksin-7-methyl ether
(ii) Tectochrysin
(1ii) Pinostrobin
(iv) 4-Hydroxy stilbene
(v) Pinosylvin monomethyl ether

F1G. 1 — EXTRACTION OF HEARTWOOD OF Pinus excelsa

recently found that a very convenient
method for this dehydrogenation is to use
iodine in presence of sodium acetate (MAHESH
and SEeSHADRI, unpublished work). The
formation of the flavone (I) may take place
in two ways: (1) dehydrogenation of the
flavanone (V)15 and (2) dehydration of
the 3-hydroxy flavanone (III). Both have
known laboratory anologies and are pos-
sible biologically. Even the action of sele-
nium dioxide in converting flavanones into
flavones may be considered to pass through
an intermediate stage of 3-hydroxy flavanone
which undergoes dehydration ( BANERJEE
and SESHADRI, unpublished work ).

The following chart presents the tentative
scheme of evolution and the interrelationship
of the various flavonoids found in Pinus

excelsa:
14>
OH

Chalkone ——

precursor
Dimethyl 2:4:6-Trihydroxy
derivative chalkone (XVIII)
¥
2-Hydroxy-

4:6-dimethoxy
chalkone (XV)

The occurrence of partial methyl ethers
also deserves comment. It has been already
mentioned that methylation prior to the
formation of the chalkone structure gives
rise to 2-hydroxy-4: 6-dimethoxy chalkone
(XV). Inall other cases only partial methy-
lation has taken place in the 7-position, the
resistant 5-hydroxyl being left out. Ob-
viously these are products of methylation
processes functioning after the flavanone
structure is built up. It is significant that
in 3-hydroxy-flavanones the alcoholic hy-
droxyl in the 3-position is again left out
being more difficult to methylate. But even
the flavonol hydroxyl in the 3-position which
is reactive is left unmethylated. Obviously
the methylating agent is available only in
restricted amount and during a restricted
period.

5:7-Dihydroxy 5:7-Dihydroxy
flavone (I) flavonol (XIII)

—> 5:7-Dihydroxy —— 3:5:7-Trihydroxy

flavanone (V) flavanone (III)

5-Hydroxy-7-methoxy —— 3:5-Dihydroxy-7-methoxy

flavanone (VI) flavanone (IV)

5-Hydroxy-7-methoxy 5-Hydroxy-7-methoxy
flavone (IT) flavonol (XIV)
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The yields of the various components
obtained in this work are considerably lower
than those recorded by Lindstedt. This
and the occurrence of a bigger number of
compounds may be due to difference in the
habitat and age of the material.

Experimental procedure

Extraction — The dry heartwood of Pinus
excelsa (6 kg.) was chipped and extracted
thrice with cold petroleum ether, each ex-
traction taking 24 hr. The yellow petroleum
ether extract yielded on concentration a
solid mixed with an oil (fraction A). The
residual heartwood was air dried and next
extracted thrice with cold ether, each
extraction taking 24 hr. The ether extract
was concentrated to ¢. 1,000 cc. and ex-
tracted with aqueous solutions of (satu-
rated ) sodium bicarbonate ( no extraction),
20 per cent sodium carbonate ( fraction B),
0-2 per cent sodium hydroxide ( fraction C)
and 4-0 per cent sodium hydroxide ( fraction
D). Complete evaporation of the remaining
ether solution yielded a neutral fraction
(E). The remaining wood chips after air
drying were next extracted thrice with
boiling alcohol, each extraction taking 6 hr.
The alcohol extract was concentrated to
c. 300 cc. and 1,000 cc. of ether added in
order to precipitate more highly coloured
impurities (4:0 g.). The ether-alcohol solu-
tion was fractionated as above with sodium
bicarbonate (no extract), 20 per cent
sodium carbonate (F), 0-2 per cent sodium
hydroxide (G) and 4-0 per cent sodium
hydroxide (H). No neutral fraction was
present here.

Petroleum ether extract: Fraction A — The
solid was filtered and it crystallized from
a mixture of petroleum ether and acetone as
pale brown rhombic prisms melting at 160°.
It gave no colour with alcoholic ferric
chloride, bis-diazotized benzidine reagent
and magnesium and hydrochloric acid. It
was insoluble in aqueous sodium hydroxide,
but dissolved in sulphuric acid with a bright
yellow colour and in nitric acid with a
yellowish green colour. The substance did
not answer tests for the carbonyl group,
nor did it give triterpene colour reactions.
Its molecular weight as determined by the
macro-freezing point method is 368-5. Its
probable molecular formula is C,H;0,
(found: C, 77-8; H, 4-3; C,,H,,0, requires:
C, 77-8; H, 4-8 per cent); yield 1-15 g.
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The oil was insoluble in sodium hydroxide
and gave no colour with alcoholic ferric
chloride. It gave a bluish violet colour with
acetic anhydride-sulphuric acid mixture
which is characteristic of most of the tri-
terpenes; yield 12 g.

Ether extract: Fraction B [ chrysin (1) and
pinobanksin (I1I) ] — On acidification with
hydrochloric acid this fraction yielded a
brown solid. After drying it was dissolved in
100 cc. of ether and on keeping the solution
in a refrigerator for 15 days a fraction
separated out. It crystallized from alcohol
as pale brown rectangular plates melting
at 280°-81°. It gave a yellow colour with
magnesium-hydrochloric acid and a bluish
violet colour with ferric chloride. On re-
fluxing with dimethyl sulphate and anhy-
drous potassium carbonate in dry acetone
medium it yielded a complete methyl ether
which crystallized from alcohol as long
rectangular rods and prisms melting at
75°-76°. With pyridine and acetic anhydride
it yielded an acetate which crystallized from
alcohol as colourless needles melting at 192°.
The above properties agree with those of
chrysin and a mixed melting point with an
authentic sample was undepressed; yield
12 g.

The ether mother liquor was evaporated
to dryness and the residue taken up in
alcohol (2 cc.) and added to boiling water
(400 cc.) and after the filtration of a small
amount of resinous impurity. the aqueous
solution was extracted with large quantities
of ether. The substance thus obtained was
crystallized twice from methanol and finally
from benzene when it crystallized as pale
yellow coloured needles melting at 177°-78°.
It gave the following colour reactions: hot
nitric acid, brownish violet; ferric chloride,
reddish violet; diazotized benzidine, cherry
red; magnesium-hydrochloric acid as well
as zinc-hydrochloric acid, orange red. The
above properties corresponded with those
of pinobanksin. The identity was con-
firmed by its dehydrogenation to galangin
by the use of sodium acetate and iodine
(MAHESH and SESHADRI, unpublished work ) ;
yield 0-2 g.

Fraction C [2-hydroxy-4:6-dimethoxy chalk-
one (XV)]— On acidification with hydro-
chloric acid, a yellow solid was obtained
which crystallized from alcohol as orange-
yellow plates melting at 114°. It gave
blood red colour with ferric chloride, no
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colour with magnesium-hydrochloric acid
and a red colour when subjected to boro-
citric acid test. It agrees with 2-hydroxy-
4: 6-dimethoxy chalkone and a mixed melt-
ing point with an authentic sample was
undepressed; yield 1-5 g.

Fraction D [ tectochrysin (11), pinosylvin
monomethyl ether (VII)] — On standing for
24 hr., a yellow sodium salt separated ( 0-8 g.).
It was decomposed with cold concentrated
hydrochloric acid (5 cc.; 15 min.). The
product crystallized from alcohol as cream-
coloured rectangular rods melting at 163°-64°.
It gave a greenish brown colour with ferric
chloride and a yellow colour with magnesium-
hydrochloric acid. The complete methyl
ether crystallized from alcohol as colourless
long rectangular rods and prisms melting
at 75°-76° and agreed with chrysin dimethyl
ether. The acetate crystallized from alcohol
as long colourless needles melting at 140°.

The above compound agreed with tecto-

chrysin and a mixed melting point with an
authentic sample was undepressed; yield
05 g.

The alkaline solution, on acidification,
yielded a viscous liquid which distilled at
285°/5 mm. pressure. On stirring it solidi-
fied and then crystallized from methanol
as colourless prisms melting at 118°-20°.
It gave a brick-red colour with bis-diazotized
benzidine reagent and no colour with ferric
chloride and magnesium-hydrochloric acid.
It readily added bromine and decolourized
permanganate. On treatment with pyridine
and benzoyl chloride it yielded a benzoate
which crystallized from methanol as tiny
colourless prisms melting at 85°-86°. This
fraction thus agreed with pinosylvin mono-
methyl ether; yield 45 g.

Fraction E [ 4-methoxy stilbene (XVII),
pinosylvin dimethyl ether (1X) ] — The crude
fraction (1-6 g.) was dissolved in boiling
methanol (10 cc). On rapid cooling a
colourless substance was obtained which on
a second crystallization from methanol
separated as tiny colourless prisms melting
at 136°-37°. It gave no colour with mag-
nesium and hydrochloric acid and readily
decolourized permanganate and bromine.
It (0-5 g.) was suspended in 10 per cent
aqueous sodium carbonate (15 cc.) and
potassium permanganate solution (4 g. in
200 cc. water ) was added gradually to the
boiling suspension during 2 hr. After re-
fluxing for another hour, 10 per cent sodium

hydroxide ( 10 cc.) was added, the solution
filtered hot, decolourized with sulphur di-
oxide and then strongly acidified with
sulphuric acid. The oxidation products
were extracted with ether, the solution dried
over sodium sulphate and evaporated. The
residue was then dissolved in benzene and
fractionally precipitated with petroleum
ether. The first fraction ( 100 mg.) crystal-
lized from water as colourless long needles
melting at 184° and agreed with anisic acid.
The second fraction (100 mg.) crystallized
from water as long colourless needles melting
at 121° and agreed with benzoic acid. This
indicated that the parent compound was 4-
methoxy stilbene. A mixed melting point
with a synthetic sample prepared by the
method of Hewitt, Lewcock and Popel® was
undepressed; yield 0-5 g.

The methanol mother liquor on evapora-
tion gave a deeply coloured semi-solid which
was dissolved in ethyl acetate and coloured
impurities precipitated by petroleum ether.
On evaporating the solution it was obtained
as a pale yellow oil which gave no colour
with magnesium and hydrochloric acid and
readily decolourized permanganate and bro-
mine indicating that it was a stilbene. The
substance (200 mg.) was oxidized with
alkaline permanganate as above and the
oxidation products dissolved in boiling
benzene. On cooling the sparingly soluble
3:5-dimethoxy benzoic acid ( 80 mg.) sepa-
rated as long rectangular prisms melting
at 182°-83°. Benzene was removed from
the mother liquor and the residue crys-
tallized from water when benzoic acid
(80 mg.) separated as long colourless
needles melting at 121°. The substance
was, therefore, pinosylvin dimethyl ether;
yield 0-25 g.

Alcohol  extract: Fraction F [ galangin
(XIIT), chrysin (1), pinobanksin (III), pino-
cembrin (V) ] — On acidification a brown
substance was obtained (8 g.). It was dis-
solved in 150 cc. ether and allowed to stand
in a refrigerator for 10 days. A yellow solid
separated which crystallized from alcohol
as yellow prismatic rods melting at 214°-15°.
It gave a bluish brown colour with ferric
chloride, an orange colour with magnesium
and hydrochloric acid and a pale yellow
colour with zinc and hydrochloric acid. It
yielded an acetate when refluxed with
pyridine and acetic anhydride which crys-
tallized as colourless thick rectangular plates
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from ethyl acetate and petroleum ether
mixture melting at 142°-43°. The original
compound (0-2 g.) was refluxed for 40 hr.
with dimethyl sulphate ( 0-8 cc.) and potas-
sium carbonate (2:0 g.) in dry acetone
(50cc.). A complete methyl ether was thus
obtained which crystallized from alcohol as
colourless rectangular rods and needles melt-
ing at 194°-95°. A mixed melting point with
galangin trimethyl ether was undepressed;
yield: galangin 0-5 g.

The ether solution was evaporated and
the residue dissolved in alcohol (10 cc.)
and added to boiling water (1,000 cc.).
The solid product was filtered and again
treated as before. The combined water
extract was saturated with sodium chloride
and extracted repeatedly with large quan-
titites of ether. The substance thus ob-
tained was crystallized twice from metha-
nol and subsequently from benzene when
it separated out as pale yellow needles
melting at 177°-78°. It was found to be
identical with pinobanksin described earlier;
yield 0-9 g.

The hot water insoluble residue (3 g.)
was dissolved in alcohol ( 15 cc.) and allowed
to cool slowly. A pale brown solid crys-
tallized out, which on recrystallization
from alcohol separated out as pale brown
rectangular plates melting at 280°-81°. It
agreed with chrysin described earlier; yield
1-2 g.  The alcohol mother liquor was com-
pletely evaporated and the residue crys-
tallized repeatedly from methanol when it
separated out as colourless needles melting
at 193°-94°. It gave no colour with mag-
nesium and hydrochloric acid, a reddish
blue colour with ferric chloride and a bluish
brown colour with concentrated nitric acid.
The compound corresponded to pinocembrin.
This was confirmed by its oxidation to
chrysin using iodine and sodium acetate
(MAHESH and SESHADRI, unpublished work ) ;
yield 0-3 g.

Fraction G [ pinosylvin (VIII), dzalpinin
(XIV), pinocembrin (V) ]— The extract was
acidified with hydrochloric acid and the
precipitate thus obtained dried. The dry
solid ( 2-5 g.) was treated with ether ( 100 cc.)
and filtered. The small portion left un-
dissolved crystallized from methanol as
colourless tiny prisms melting at 153°-55°,
It gave an acetate which crystallized from
methanol as pale coloured tiny prisms
melting at 100°-101°.  With benzoyl chloride
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and pyridine a benzoate was obtained which
crystallized from methanol as colourless tiny
prisms melting at 150°-51°. The compound
agreed with pinosylvin; yield 0-2 g.

The ether solution was evaporated and
the residue (2 g.) was dissolved in boiling
alcohol (8 cc.). On cooling rapidly a
yellow substance separated out which on
recrystallization yielded yellow prismatic
needles melting at 192°-93°. It gave a
bluish brown colour with ferric chloride,
a pink colour with magnesium and hydro-
chloric acid and a yellow colour with zinc
and hydrochloric acid. On methylation with
methyl sulphate and potassium carbonate
it gave rise to a complete methyl ether which
crystallized from alcohol as colourless rect-
angular rods and needles melting at 194°-95°.
Mixed melting point with the original com-
pound was considerably depressed. The
fully methylated product agreed with galan-
gin trimethyl ether and mixed melting point
was undepressed. The compound thus cor-
responded to izalpinin; yield 0-4 g. The
original alcoholic mother liquor was eva-
porated to dryness and the residue sub-
jected to repeated crystallizations from
methanol when it separated out as colour-
less needles melting at 193°-94°. It agreed
with pinocembrin described earlier; yield
1-0 g.

Fraction H [ pinobanksin-7-methyl ether
(IV), pinostrobin (V1), 4-hvdroxy stilbene
(XVI), tectochrysin (I1), pinosylvin mono-
methyl ether (VI1) 1 — The sodium hydroxide
solution on standing for 24 hr. gave a yellow
sodium salt mixed with a jelly. The mixture
was filtered and then treated with concen-
trated hydrochloric acid ( 15 cc.) for 15 min.
The solid product thus obtained was treated
with ether (200 cc.). A small fraction was
left undissolved. It crystallized from ben-
zene as pale yellow hairy needles melting
at 180°-81°. It gave a reddish violet colour
with ferric chloride, an orange-red colour
with diazotized benzidine and on reduction
with magnesium and hydrocloric acid, or
zinc and hydrochloric acid gave an orange-
red colour. It corresponded to pinobanksin-
7-methyl ether. This was confirmed by
oxidation to izalpinin using iodine and
sodium acetate; yield 0-3 g.

The ether solution was evaporated to
dryness and the residue ( 5-4 g.) fractionated
from alcohol. The first fraction was re-
crystallized from alcohol when it separated
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out as cream-coloured rectangular rods
melting at 163°-64° and agreed with tecto-
chrysin described carlier; yield 1-8 g. The
second fraction on repeated crystallization
from methanol gave pale brown thick rect-
angular plates melting at 112°-13°. It gave
no colour with magnesium and hydrochloric
acid, a reddish brown colour with alcoholic
ferric chloride and a brownish blue colour
with concentrated nitric acid. It corres-
ponded to pinostrobin. This was confirmed
by iodine oxidation; yield 1-1 g. The
third and the last fraction was crystallized
from methanol in colourless tiny prisms
melting at 186°-87°. It gave a faint red
colour with ferric chloride, a red colour
with diazotized benzidine and no colour with
magnesium and hydrochloric acid. It readily
decolourized bromine and permanganate,
It gave an acetate which crystallized from
alcohol as colourless needles melting at
134°-35°, and a methyl ether melting at
136°-37° and the mixed melting point with
the synthetic 4-hydroxy stilbenel® was un-
depressed; yield 1-2 g.

The remaining sodium hydroxide solution
was acidified and on working it up in the
same way as fraction D yielded pinosylvin
monomethyl ether; yield 18-3 g.
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Metabolic Products of Paecilo-
myces victoriae V. Szilvinyi*

V. C. VORAt

Department of Biochemistry, London School of Hygiene &
Tropical Medicine, London

Four metabolic products have been isolated
from the culture filtrate of P.vicloriae V. Szilvinyi.
Of these, three have been shown to be ustic
acid, dehydroustic acid and 4: 6-dihydroxy-3-
methoxy phthalic acid. The structure of the
fourth compound has not been established
but the presence of certain functional groups
has been indicated.

HE mould Paecilomyces wvictoriae V.

Szilvinyi belongs to the genus Pae-

cilomyces, first established in 1907
by Bainer!. Byssochlamys fulva® is the only
mould belonging to this genus which has
been investigated in detail for its metabolic
products.

P. victoriae, the mould under investigation,
when grown on Raulin-Thom solution, gave
bluish to intense bluish purple colour with
aqueous ferric chloride. It was of further
interest to note that similar colour reaction
has been recorded for the metabolic solutions
from Penicillium breviocompactum®, Asper-
gillus ustus* and Penicillium cyclopium var.
albums,

Experimental procedure

The mould P. victoriae V. Szilvinyi ( Pa 5)
was obtained from the Central Bureau Voor
Schimmelculture, Baarn, Holland.

A batch of 200 one-litre conical flasks each
containing 350 ml. Raulin-Thom medium
were sown with the spore suspension of the
mould grown on wort-agar slants for 14 days.
Table 1 gives the pH, residual glucose ( pola-
rimetrically ) and bromine absorption value
of the culture filtrate.

The bromine absorption values of the
culture filtrates recorded in Table 1 indicate
that up to 14 days the mould produced
a metabolic product which did not absorb
any bromine while at a later stage certain

other products are produced which absorb
bromine.

Isolation of the metabolic products — The
culture filtrate from the 14 day old flask was
made acid to Congo red paper, concentrated
tn vacwo to 100 ml. and extracted for 3 hr.
with ether. The ether extract was dried
and evaporated to dryness. The residue
thus obtained was taken up in chloroform,
concentrated to a small volume under vacuum
and then allowed to evaporate gradually,
when a crystalline gum was obtained from
which a crystalline compound (A) (m.p.
169°-70°C.; yield 0-05 g.) was isolated by
treatment with ether.

Culture filtrate from 100 one-litre conical
flasks harvested on the twenty-eighth day
was concentrated in vacuo ( at 35°C./17 mm.)
to about 800 ml. This concentrated solution
was allowed to stand at 0°C. for 48 hr. and
filtered. The filtrate was extracted with
ether at different pH levels (extract I at
pH 7-0; extract II at pH 5-3; and extracts II1
and IV at pH 2-0).

Extract I did not yield any crystalline
material.

Extract IT on evaporation of ether yielded
a gum from which on trituration with ether
a crystalline compound (D) [ m.p. 240°C,
( decomp.); yield 0-15 g.] was isolated.

Extract III — The ether was removed
under vacuum and the residue on standing

TABLE 1 — ANALYSIS OF CULTURE FILTRATE

No. oF  PERIOD OF pH GLUCOSE BROMINE
FLASKS  INCUBATION % wiv ABSORPTION
AT 24°C. VALUE
days
1 14 3-0 0:63 —
10 21 42 0-18 56
10 26 5-2 0-09 6-4
5 27 55 0-09 6-4
174 28 5-3 0-08 6-4

*Work reported here forms a part of the Ph.D. thesis submitted to the University of London in

October 1951.

tPresent address: Central Drug Research Institute, Chattar Manzil Palace, Lucknow.
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crystallized. The crystalline material (B)
( m.p. 120°-22°C.; yield 3-1 g.) was isolated
by trituration with a little ether and filtra-
tion. On evaporation, the filtrate formed
a gummy substance which was dissolved in
ethanol (20-0 ml) and treated with 5 per
cent ethanolic solution of potassium acetate
(100 ml). The resulting flocculent precipi-
tate was filtered after standing for 2 hr. and
dissolved in water. The aqueous solution
was acidified with hydrochloric acid and ex-
tracted with ether yielding a syrup which on
standing gradually crystallized. The crystals
were washed with a little ether and filtered
and recrystallized from ethyl acetate-benzene
(compound C:m.p. 193°-95°C.; yield 0-4 g.).
The ethanolic mother liquor containing the
soluble potassium salts was evaporated in
vacuo and the residue dissolved in water.
The aqueous solution was acidified and ex-
tracted with ether. TFrom the ether extract
a small quantity of compound B was iso-
lated.

Extract IV — From this extract small
amounts of compounds B and C were isolated.

Properties of isolated compounds

Compound A — From a comparison of the
m.p. 169°-70°C., mixed m.p. and other pro-
perties the compound A was proved to be
identical with ustic acid.

Compound B — The crude compound was
purified by crystallization from water and
finally recrystallized from chloroform. IFrom
its chemical properties, m.p. 121°-22°C.
(decomp.) and mixed m.p. it was proved to
be identical with dehydroustic acid ( found:
C, 48-7; H, 45; —OCH,, 11-5; requires for
C11H;,04 or C;1H,0,, H,0: C, 48:5; H, 4+4;
1—-OCHj;, 114 per cent ).

Compound C — This compound was puri-
fied by repeated crystallization from ethyl
acetate: benzene mixture as small colourless
prisms; m.p. 193°-94°C. ( decomp.) ( found:
C, 47-2; H, 3-7; —OCH,, 13-6; requires for
CoHg0;: C, 47-4; H, 3-5; 1—0OCHj,, 13:6 per
cent ).

By a comparison of the chemical proper-
ties, melting point and mixed points, the
compound was proved to be 4: 6-dihydroxy-
3-methoxy phthalic acid.

Compound D — The compound was puri-
fied by crystallization from methanol: water
(1:5 vol.) mixture and subsequently by
sublimation in a high vacuum at 160°-65°C,
The cream-coloured prismatic crystals melted

at 259°-60°C. with vigorous effervescence and
reddening before melting (found: C, 54-5;
H, 45; —OCH;, nil; required for CyHgO;:
C, 55-1; H, 41 per cent).

Compound D was sparingly soluble in
water and its aqueous solution was acid to
Congo red. An ethanolic solution of the
compound gave an intense ruby red colour
which remained unchanged on dilution with
water. The compound was readily soluble
in 2N sodium hydroxide solution giving a
yellow colour which became more intense
on warming. The compound dissolved in
concentrated ammonia (d, 0-88) to a yellow
solution similar in intensity to its solution in
2N sodium hydroxide solution. This colour
in a few minutes changed successively from
orange red to pink red, red and finally to a
deep ruby red colour. The compound
reduced ammoniacal silver nitrate solution
( containing ‘a little 2N sodium hydroxide
solution ) on warming, but it did not reduce
Fehling’s solution.

Compound D dissolved in aqueous sodium
bicarbonate solution with effervescence. It
gave an orange colour with bleaching powder
solution. When treated with 2:6-dichloro-
quinone chlorimide® the compound rapidly
gave a stable deep blue colour.

It easily formed a D.N.P. which did not
melt but decomposed above 310°C. An
ethanolic solution of the D.N.P. gave a deep
maroon colour with a drop of 2N sodium
hydroxide solution (Neuberg reaction )
(found: C, 47-4; H, 3-0; B, 14-9; requires
for Cy3H;,06N,, ie. the mono D.N.P. of
CoHgO;: C, 47-9; H, 3-2; N, 149 per cent ).

Although it is not possible to assign a
definite structural formula to compound D
at present, it can be concluded that the com-
pound is a meta-dihydroxy phenol with a
carbonyl group (most probably —CHO?)
which is in an ortho position to a —OHgroup;
the compound possesses a —COOH group
and one of the —OH groups is in a para
position to a —COOH group or to a —OH
the para position group is unsubstituted®.

Discussion

The isolation of dehydroustic acid and
4: 6-dihydroxy-3-methoxy phthalic acid as
metabolic products of P. victoriae during the
later stages of its growth suggests that the
mould synthesizes only ustic acid in the
earlier period and that as soon as the sugar
level goes down well below 1 per cent it
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begins to oxidize ustic acid to give dehydro-
ustic acid and 4:6-dihydroxy-3-methoxy
phthalic acid. Thus, it is of interest that a
mould which has no close resemblance with
A. ustus should synthesize the metabolic
product of A. ustus, viz. ustic acid, as well
as its degradation products which were not
known in the past as mould metabolic pro-
ducts. At present it is not possible to
explain the relationship that compound D
may bear to ustic acid or its degradation
products.
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Studies on the Enzyme Make-up of
Vibrio cholerae: Part IV — Screening

of Cholera & Other Vibrios for
the Presence of Penicillinase

S. N. IYER, A. DUDANI & C. R. KRISHNA MURTI
Central Drug Research Institute, Lucknow

The low susceptibility of Vibrio cholerae to
penicillin led to a screening of several strains
of this organism and other vibrios for the
presence of penicillinase. A few strains of
water and non-agglutinable vibrios only were
found to elaborate this enzyme.

URING our studies on the possible
D differences in susceptibility of various

sub-types of cholera and other vibrios
to penicillin, it was observed that a strain
of water vibrio grew on a medium containing
a fairly high concentration of penicillin. In
order, therefore, to find out whether this
penicillin resistance was due to the produc-
tion of penicillinase, several strains of vibrios
were examined for the production of this
enzyme. The results of the investigations
are presented in this communication.
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Experimental procedure

The screening of Vibrio cholerae and other
vibrios for penicillinase activity was carried
out by Gots’s method!. One cc. of penicillin
G sodium ( 100 units/cc.) and 0-5 cc. of 24 hr.
old broth culture of Staph. aureus ( Oxford )
were added to 100 cc. of papain-meat-agar at
42°-45°C., thoroughly mixed and dispensed
into sterile petri dishes. Twenty-four hour
old test organisms were streaked on such
plates and incubated at 37°C. for 3 days. The
appearance of Staph. aureus colonies around
the streak was taken as an index of penicil-
linase production by the test organism.

For detailed studies, the Water Tank
strain of water vibrio was used as the source
of enzyme. Twenty-four hour growth of the
organism on papain-meat-agar slopes ( pH 8 )
was harvested with 0-85 per cent saline and
centrifuged. The cells were then suspended



IYER et al.: STUDIES ON ENZYME MAKE-UP OF V. CHOLERAE: PART IV

in 0-85 per cent saline and the turbidity
adjusted in Lumetron photoelectric colori-
meter (red filter—650 mp. ) to the desired
percentage transmission and used for the
determination of the optimum pH and other
properties of the enzyme.

The optimum pH for penicillinase activ-
ity was determined by the cup-plate method?
for the assay of penicillin, with Staph. aureus
(Oxford) as the test organism. The re-
action mixture consisted of 1 cc. M/15 phos-
phate buffer of appropriate pH, 3 cc. peni-
cillin G sodium (50 units/3 cc.) and 1 cc.
0-85 per cent saline or cell suspension (70
per cent transmission). The mixture was
incubated for 15 min. at 37°C., then cooled
in an ice bath and diluted with an equal
volume of distilled water. The residual
penicillin was then assayed.

The properties of the enzyme were further
studied by the manometric method of Henry
and Housewright®. The main compartment
of the Warburg flask contained 1 cc. each
of 0-154M sodium bicarbonate solution,
M/15 phosphate buffer and cell suspension
(20 per cent transmission ), while the side
arm contained 0-5 cc. pure penicillin G
sodium ( 8 mg./cc. unless otherwise stated ).
The final pH of the reaction mixture was
7-2 and the reaction was carried out at 39°C.
in an atmosphere of air.

Results

Fifteen strains of Ogawa, 22 of Inaba, 4 of
Rough vibrios, 3 each of El Tor and water
vibrios and 9 non-agglutinable vibrios were
screened for penicillinase activity. Two of
water ( Water Tank and Kimbu Ghat strains )
and 2 non-agglutinable ( NAG 2 and NAG 6
strains ) vibrios were found positive, while
the rest were negative. It was further noted
that when the water vibrio was grown in
broth, the penicillinase activity was present
only in the cells and not in the culture cen-
trifugate. This would indicate that the en-
zyme is endocellular.

The determination of the enzyme activity
at different pH levels showed that the opti-
mum lies between 7 and 8 ( TABLE 1).

The effect of enzyme concentration was
studied by using different dilutions of cell
suspensions made from that with an opacity
equivalent of 20 per cent transmission. Car-
bon dioxide evolution after 10, 20 and 30 min.
was measured. The results are plotted in
Fig. 1. It would be seen that there is a linear

TABLE 1— ACTIVITY OF PENICILLINASE AT
DIFFERENT pH LEVELS

pH DIAM. OF INHIBITION ZONE OF S. aureus GROWTH
L
Penicillin Penicillin+4 Net uctivityv‘
mm. enzyme mim.
mm,
5-10 22 18 4
6-00 24 15 9
6-70 24 12 12
7-10 24 12 12
7-60 24 9 15
825 24 12 12
%a’s
30 Mix.
E 120~
S 1001 .
N 20 Mix.
i [
< 807 o
S
e 604 .
3 170 min.
N
3
@ 20
<
0 ) ] ] ¥

o 1 2 3 ¢ 5
Exzyme Concentration

F1G. 1 — EFFECT OF ENZYME CONCENTRATION ON
PENICILLIN-PENICILLINASE REACTION [ The units of
enzyme concentration 1, 2, 3, 4 and 5 respectively
represent cell suspension ( initial opacity equivalent
of 20 per cent transmission in the Lumetron )
diluted with saline in the following proportions:
1:4;2:3;3:2;4:1 and 5:0]
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F1G. 3 — EFFECT OF PENICILLIN CONCENTRATION
ON PENICILLIN-PENICILLINASE REACTION

increase in activity with increase in enzyme
concentration.

The course of the penicillin-penicillinase
reaction was followed for a period of 80 min.
using different concentrations of the sub-
strate and enzyme. The results presented in
Fig. 2 show that there is an almost constant
rate of evolution of carbon dioxide from 10
to nearly 30 min. of the reaction under the
various conditions used, after which the
reaction slows down, equilibrium being at-
tained earlier at higher concentrations of the
substrate and enzyme. Fig. 2 also shows
that the rate of evolution of carbon dioxide
is not constant during the first 10 min. of the
reaction. A similar observation has been
made in the case of the penicillinase of B.
cereusd. The reaction appears to be of the
zero order initially.

The effect of increasing concentrations of
penicillin on the rate of reaction has been
brought out in Fig. 3, which shows that the
curves obtained are of the usual enzyme
type.

To determine the heat stability of the
enzyme, aliquots of cell suspension were
heated for 15 min. at 25°, 40°, 50°, 60°, 80°
and 100°C., cooled quickly in an ice bath and
carbon dioxide evolution measured. It was
found that there was no loss in activity at
25° and 40°C., while a complete inactivation
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occurred at 50°C. and higher temperatures.
The cell suspension could be kept at 5°C.
for 24 hr. without any appreciable loss in
activity.

Discussion

In the present studies it has been found
that the sub-types of V. cholerae, viz. Ogawa
and Inaba, Rough and El Tor vibrios, do not
exhibit any penicillinase activity. It would
thus appear that the low susceptibility of
some strains of V. cholerae to penicillin ob-
served by the authors and also reported by
Felsenfeld et al.! is not due to the elaboration
of penicillinase by these organisms.

Of the non-agglutinable and water vibrios
screened for the presence of penicillinase, only
two of each were found positive. The enzyme
is endocellular, like that of soil vibrios re-
ported by Czekalowsky?®.

The penicillinase of water vibrio ( Water
Tank ) has its optimum activity in the pH
range 7-8 and very little activity at pH 5.
Study of the rate of penicillin-penicillinase
reaction at different concentrations of the
substrate and enzyme indicates that initially
the reaction is of the zero order. The enzyme
is unstable at higher temperatures. The
characteristics of the penicillinase reported
herein appear to be similar to that of B.
cereus®, excepting that the enzyme studied
is endocellular.

Summary

Of 56 strains of Vibrio cholerae and other
vibrios, 2 water and 2 non-agglutinable
vibrios have been observed to produce peni-
cillinase.

The enzyme present in water vibrio is
endocellular and is unstable at 50°C. and
above.

Certain kinetic properties of the enzyme
have been studied.
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Utilization of Amino Acids by
Strepromyces griseus during the
Production of Vitamin B,

S. GANGULY, N. C. GANGULI & S. C. ROY

Department of Applied Chemistry,

University College of

Science & Technology, Calcutta

Studies on the utilization of amino acids by
S. griseus during fermentative production of
vitamin B,, by the circular and two-dimen-
sional chromatography have revealed preferen-
tial and progressive utilization of amino acids.
Cystine, aspartic acid and arginine are utilized
first followed by others.

The concentration of amino nitrogen in the
medium falls during fermentation whereas the
concentration of ammonia nitrogen increases.
The nitrogen content of the cells increases
during the first three days of fermentation
after which it falls.

N the course of an investigation by
I Ganguly et al.! of the factors affecting

the optimal production of vitamin B,
by Streptomyces griseus, it became necessary
to study the utilization of different amino
acids by the micro-organism during its
synthesis of the vitamin. The results of
this study are reported in this paper.

Experimental procedure

The utilization of amino acids by S. griseus
for the production of vitamin B,, was stu-
died by subjecting the fermenting broth to
the paper chromatographic analysis using
both circular and two-dimensional methods.

Fermentation was carried out by the sub-
merged process described by Ganguly et al.!
using a medium made up of casein hydro-
lysate (1-0 per cent ) and beef extract ( 0-3
per cent ). The pH of the medium was ad-
justed to 6-8-7-0. The composition of the
broth with respect to different amino acids
was determined at the end of the 3, 6, 12, 24,
48, 96 and 120-hr. fermentation. The pro-
duction of vitamin B,, was maximum at
120 hr. after which it declined.

The technique employed for the circular
paper chromatography was that of Giri and
Rao2. Whatman No. 1 filter paper of 18-5
cm. diam. was used throughout the investi-
gation. Broths were removed at different
intervals, centrifuged to remove the cells and
the solutions applied at the centre of the
filter paper by means of a capillary tube.
Multiple applications of the broth were found
necessary to make the bands appear pro-
minent and the spots were dried after each
application. The method of development
was the same as that of Giri and Rao?
Amino acids in the medium were identified
by comparing their R¢ values with those of
known ones ( TABLE 1) and also from chro-
matograms of known amino acids run side by
side with the broths. .

TABLE 1— AMINO ACID UTILIZATION BY S. GRISEUS

AMINO ACIDS InrTIaL 3rD 6ru 121w
HR. HR. HR.
Leucine ekt Lo Tk +
Valine +++ +++ ++ —
Proline b +++ ++t o
Glutamic acid +++ + 4+ +++ ++
Serine +++  ++4+ -+ 4+
Lysine +++ T T S i
Methionine +++ +4+ 4 +4 4
Alanine ++4+  +4++ 44+ ++
Glycine +4 4 At ++ ++
Theeonine ++4+  +4++ +++ +4
Tryptophane +++ ++ - -
Cystine ++ - — o
Aspartic acid ++ - - —
Arginine ++ - - —

+ ++, high concentration; ++, medium concentration;

48TH 728D
HR, HR. HR.

120t Ry vALUE

96t
HR, HR.  (CIRCULAR)

++++

||||++i+++++ll
P4 L 44411
[ I R iy P

FEL b +++T+4++1 11
L4+ T +++1 1
=
&

+, low concentration; and —, nil.
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The results obtained with the circular
chromatographic technique were confirmed
by the two-dimensional descending paper
chromatographic procedure ( F1c. 1). The
technique followed was that of Consden
et al® as modified by Dent* using phenol-
water as the first solvent and benzyl alco-
hol-acetic acid-water as the second solvent
(25:5:6:5) as suggested by Burma®. Phenol-
water was allowed to run in a descending
manner and the first run took about 14-15 hr.
for travelling a distance of 45 cm. The
papers were then taken out of the chamber
and air-dried. The second solvent mixture,
benzyl alcohol-acetic acid-water, was also
allowed to run in the same way in another
chamber at right angles to the phenol-water
run. This run also took about 12-14 hr. for

travelling a distance of 40 cm. On the

usual treatment with ninhydrin, spots of
amino acids appeared and were identified
from the chromatograms of known acids.

The individual amino acids utilized by
S. griseus during fermentation are given in
Table 1.

The nitrogen balance of S. griseus during
fermentation was determined from the total
nitrogen, including amino nitrogen in the
medium before fermentation and amino,
ammonia and broth nitrogen in the media
during successive periods of fermentation.
The nitrogen gain by the mycelia was deter-
mined from the initial nitrogen and that left
in the broth after removal of cells by centri-
fuging.

Total nitrogen was determined by the
Kjeldahl method, amino nitrogen by the
Sorensen’s formol titration and ammonia
nitrogen by the aeration method of Van
Slyke. The results are given in Table 2.
Vitamin B,, produced during fermentation
was assayed by the paper disc assay method®
with a mutant Escherichia coli.

TABLE 2 — NITROGEN BALANCE OF S. GRISEUS
DURING VITAMIN B,; PRODUCTION

TiMe  ToraL AMINO  AMMONIA MvyceLia  ViTAMIN
hr. N v N~ N~ N .
BROTH BROTH BROTH mg./10 ml.  y/ml
mg./10 ml. mg./10 ml. mg./100 ml.

At start 11-19 5:05 —_ — —_—
22 10-25 3-88 5-66 0-94 —
45 9:01 272 6:88 2:08 —
70 8-70 1-04 7:90 2-49 0-28
94 919 1-55 811 2:00 052

120* 0-41 1-40 9-48 1:78 0-64

*After 120 hr. there was a sharp decline in the production of
vitamin By,.
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F1G6. 1 — CHROMATOGRAMS OF FERMENTATION BROTH

AT DIFFERENT STAGES OF FERMENTATION [ (a), at

start; (b) 18 hr.; (c) 48 hr.; (1) aspartic acid; (2)

glutamic acid; (3) cystine; (4) serine; (5) glycine;

(6) lysine; (7) alanine; (8) arginine; (9) methio-

nine; (10) valine; (11) proline; (12) tryptophane;
(13) leucine ]

Discussion

It is seen from the results given in Table 1
that by the end of 3-hr. fermentation cystine,
aspartic acid, arginine disappear from the
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medium and the concentrations of leucine,
valine, methionine decrease, and by 12 hr.
valine disappears completely and there is a
further fall in the concentrations of leucine
and methionine. By 24 hr. leucine and
methionine disappear completely while con-
centrations of other amino acids fall at a
comparatively higher rate up to 48 hr. and
thereafter at a slower rate up to 120 hr. It,
therefore, appears that some amino acids are
preferentially utilized by the micro-organism
for the synthesis of vitamin B,, and this is
also highest during the initial stages of fer-
mentation when the organism is at its lag
phase of growth. Apparently the free amino
acids seem to be utilized primarily for cell
synthesis by the organism and might be in-
directly related to the synthesis of By,. The
vitamin seems to be a product of intracellular
synthesis, being liberated in the fermentation
broth from the third day of fermentation
during which the cells begin to undergo lysis
spontaneously.

It is seen from the results in Table 2
that the concentration of amino nitrogen falls
steadily during the fermentation (also sup-
ported by chromatographic analysis ), while

the concentration of the ammonia-nitrogen
increases progressively with time.  The
nitrogen content of the cells increases during
the first three days of fermentation, after
which it begins to fall when the cells undergo
lysis. The pH of the medium also changes
from an initial value of 7-0-8-8 at the end
of fermentation.
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Nutritive Value of Canned Foodstuffs:
Part I—Effect of Canning Procedures on
Vitamin Contents of Fruits & Vegetables

G. A. DHOPESHWARKAR & N. G. MAGAR
Department of Biochemistry, Institute of Science, Bombay

T has been found that food products
I undergo significant changes in their

nutritive value as a result of processing
them into canned productst. Very little
data is, however, available regarding the
effect of various canning procedures on the
nutritive value of foodstuffs. The present
study was, therefore, undertaken to assess
the effect of various canning procedures on
the nutritive value of fruits and vegetables
with special reference to vitamin losses.

The effect of various canning procedures on
the retention of vitamins — carotene, ascorbic
acid, thiamin, niacin and riboflavin —in
fruits and vegetables has been investigated.
Processed fruits retain more of the vitamins
than processed vegetables. Of the vitamins,
ascorbic acid is most affected by the pro-
cessing treatments and carotene the least.

Blanching causes the maximum destruction
and loss of ascorbic acid; steam blanching is
better than hot water blanching.
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Materials and methods

The following fruits and vegetables were
selected for the study:

Fruits — Mangoes, papayas, pineapples,
guavas, peaches and tomatoes.

Vegetables — French beans, peas and pota-
toes.

Cans containing raw and processed fruits
preserved in sugar syrup and vegetables
were obtained from a local cannery.

Sampling — A representative sample for
examination was obtained from 6 cans
(irrespective of the size of the cans) selected
at random. After noting the gross weight
of each can, the contents of the cans were
drained over a sieve placed in an inclined
position for 15 min. and weighed separately.
The solid and liquid portions in the fruit
packs were blended separately and analysed
in duplicates. In the vegetable packs the
liquid and solid portions were blended toge-
ther. The value for the vitamin content of
the products recorded is the mean of four
estimations.

Estimation of vitamins

Ascorbic acid was determined according
to the xylene extraction method applying
the formaldehyde correction for reductones
as suggested by Robinson and Stotz5.

Carotene was estimated spectroscopically
according to the method of Moore and
Elys.

Thiamine was estimated by the thiochrome
method.

Riboflavin was estimated according to the
fluorometric method of Scott et al.” with the
modification that instead of acetone-hydro-

chloric acid reagent extract, enzyme-digested
extracts were used.

Nicotinic acid was estimated according
to the method of Sweeney?.

Results and discussion

Mangoes, pineapples and papayas—Table 1
gives the effect of processing on the vitamin
content of mangoes and papayas.

The results indicate that of the vitamins
present in Bulsar mangoes, ascorbic acid is
affected most during canning. Mango pulp,
because of heating in open pans, retains a
lower percentage of both ascorbic acid and
thiamine.

Ratnagiri variety of Alfanso mangoes
contained 23-88 mg. per cent of ascorbic acid.
The percentage retention of the vitamin on
blanching for 30 min. and processing for
15 min. at a pressure of 2 lb./sq. in. was
88:0 and 82:6 respectively.

In the case of pineapples (ascorbic acid
content, 7-92 mg. per cent) the percentage
retention of ascorbic acid on steam blanching
for 30 min. and processing for 15 min. at a
pressure of 5 lb./sq. in. was 93-8 and 92-7
per cent respectively.

Heating mango pulp in open pans before
canning destroys a large percentage of
vitamin C and riboflavin present in the
pulp.

The destruction of vitamin C in unblanched
papayas may be due to the activity of en-
zymes (oxidazes) in the fruit. The per-
centage destruction of vitamin C is higher
in papayas than in mangoes which may be
due to omitting the blanching operation
while processing the fruit.

TABLE 1 — EFFECT OF PROCESSING ON THE RETENTION OF VITAMINS IN MANGOES AND PAPAYAS

( Mangoes used were Bulsar Alfanso variely; mango slices and papaya cubes were packed in syrup )

Propuct PROCESSING CONDITIONS Vitamin C
mg. %
{ Raw 65-7
Blanched for 30 sec. in steam 55-9
Mango slices and steam exhausted (77-7)
Processed for 20 min. at 58-6
2 1b./sq. in. pressure (77-8)
After pulping 40-0
Mango pulp After open-air heating, filling 33-1
and processing (74-1)
Raw 31-9
Steam blanched and steam 27-8
Papaya cubes exhausted (83-0)
Processed for 20 min. at atm. 247
pressure (74-5)

CAROTENE THIAMINE RIBOFLAVIN NiaciN
mg. % “8- % ug. % mg. %
7:0 33-4 619-0 52
71 36-4 5850 50
(92-4) (99-3) (86-0) (87-3)
71 37-7 508-0 50
(88-2) (98-5) (84-2) (83-5)
31 24:0 469-0 4:7
33 23-8 5185 52
(94-2) (89-0) (99-1) (99:7)
0-4 8:0 273-0 —
0-4 &5 293-0 —
(93-1) (100-0) (101-0) —
0-4 8:1 -0 —_
(87-4) (96-8) (96-3) —

The figures given in parentheses refer to percentage retention of vitamin after processing.
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TABLE 2 — EFFECT OF PROCESSING ON GUAVAS

CoNpITION Vitamin C RIBOFLAVIN

— A T A'_—ﬁ

Total ¢, reten- Total 9, reten-
mg. Y% tion ug.'% tion
Fresh 213-6 — 446-0 —
Lye-peeled 1470 688 11440 99-6
Steam exhausted 146-0 684 440-0 99-5
Processed for 20 min. 146-3 68-4 443-0 99-5

in open retorts

In the case of pineapples, the greater
retention of ascorbic acid in unblanched
fruit may be due to the absence of the en-
zymes ascorbase and phenolase.

Guavas — The fruit was peeled by boiling
in 1 per cent alkali for 2 min. and then dipped
successively in water, dilute citric acid solu-
tion and water to remove alkali adhering to
the fruit. The peeled fruit was steam ex-
hausted and finally processed for 20 min.
in open vessels. The fruit was analysed for
vitamin C and riboflavin at different stages
and the results are recorded in Table 2. The
results show that percentage retention of
ascorbic acid in the fruit subjected to differ-
ent processing treatments is the same, i.e.
68-4 per cent. Riboflavin is not much affec-
ted by the various treatments and as much as
99-5 per cent of the vitamin remains intact.

Tomato juice — The canning cycle in the
case of tomato juice should be completed in
as short an interval as possible to minimize
the loss of vitamins. As the Indian can-
neries are not equipped with automatic
filling and processing units, the juice is kept
boiling for a considerable time in an open
pan. If the juice is kept boiling for 45, 60
and 90 min., the loss in ascorbic acid is 38,
45 and 95 per cent respectively. The loss
in ascorbic acid in cold-extracted tomato
juice kept at room temperature for 30 and
60 min. is 5 and 84 per cent respectively,
whereas if the juice is boiled immediately
and cooled to room temperature, the loss of
vitamin at the end of 90 min. is only 22 per
cent.

There appears to be some difference of
opinion®-11 regarding the use of hot-break or
cold-break method for extracting juice from
tomatoes. Our studies show that tomato
juice obtained by hot-break method retains
72-5 and 80-5 per cent respectively of ascor-
bic acid and thiamine originally present in it,
whereas 63-0 per cent ascorbic acid and 65-2
per cent thiamine are retained in juice ex-
tracted by cold-break method.

The loss of vitamin C in juice extracted by
cold-break method may be due to the des-
tructive activity of enzymes ( oxidazes) in
the juice. If the canning cycle is completed
within a short time, the cold-break extracted
juice may retain more of the vitamin.

Peaches — Heavy loss of ascorbic acid
(93-7 per cent) occurs as a result of lye-
peeling of the fruit. Though steam peeling
(2 min.) is definitely superior to other
methods (as 95 per cent of the vitamin
present in the fruit is retained after process-
ing ) it prolongs the canning cycle resulting
ultimately in a greater loss of the vitamin.
Further, the yield of processed material is
not higher than that obtained by hot water
blanching.

Peas — The effect of steam blanching and
hot water blanching on the percentage reten-
tion of vitamins was studied under two
sets of conditions: (1) blanching for 4 min.
and processing for 25 min.; and (2) blanching
for 2 min. and processing for 20 min.

Raw fresh peas contained moisture, 81-7;
vitamin C, 166 mg.; carotene, 0-33 mg.;
thiamine, 1866 pg. and riboflavin, 444-7 pg.
per cent. Both carotene and riboflavin
remain intact (98-100 per cent retention )
on blanching; when blanched for 4 min. in
boiling the percentage of carotene and ribo-
flavin in the vegetable was reduced to 947
and 81-7 per cent respectively.

The amount of ascorbic acid retained on
blanching in steam and boiling water for
4 min. is 76-0 and 69-1 per cent respectively;
further processing for 25 min. at 15 Ib./sq. in.
pressure reduces the overall retention of the
vitamin to 69-1 and 57-1 per cent respect-
ively.

The retention of vitamin C on reducing
the blanching time to 2 min. and processing
time to 20 min. was 97-5 and 91-7 per cent
respectively; further processing for 20
min. at 15 Ib./sq. in. brings down the amount
of ascorbic acid retained to 79 and 70
per cent.

The thiamine content of samples blanched
for 4 min. in steam and in boiling water was
96-4 and 86 per cent respectively of the
original; the overall retention of the vitamin
on further processing for 20 min. at 15 Ib./
sq. in. pressure was 79 and 70 per cent
respectively. Blanching in steam for 2 min.
does not reduce the vitamin content of the
samples but it is reduced to 93 per cent by
hot water blanching; further processing of
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the two samples brings down their vitamin
content to 98-5 and 86-2 per cent respect-
ively.

French beans and potatoes — The amount
of ascorbic acid retained by French beans
on blanching in steam and hot water was
35-2 and 47-1 per cent respectively. Steam
exhausting causes a further loss of about
5 per cent but further processing does not
result in any loss of the vitamin. Carotene
was affected to a lesser degree under the same
conditions; the amount of carotene retained
after blanching in water and further process-
ing was 85-7 and 77-5 per cent respectively.
Steam-blanched samples retained all the
carotene and the overall percentage retention
of vitamin after processing was 93-6 per cent.

Potatoes ( vitamin C content, 20-78 mg./
100 g.) on blanching for 5 and 10 min. in
hot water retained 95-3 and 88:6 per cent
respectively of vitamin C present in them.
The amount retained is 98-4 per cent when
they are blanched for 8 min. in steam;
further processing for 45 min. at 15 Ib./sq. in.
pressure has no effect.

The comparatively heavy loss of ascorbic
acid in canning French beans may be due
to stringing of the beans before blanching.
This step involves cutting of the pod which
not only exposes the surface to the action of
enzymes but also facilitates the leaching out
of the vitamin. In potatoes, the peel pre-
vents the loss of vitamin.

The above studies show that of the vita-
mins present in fruits and vegetables, as-
corbic acid is most affected by processing as
it is both water soluble and heat labile, and
gets oxidized easily on exposure to atmo-
phere. Carotene is least affected.

The results of studies on the processing of
vegetables show that blanching operation
causes maximum destruction of ascorbic
acid; the loss is more in water blanching
than in steam blanching.

Conclusions

1. Fruits which do not require a blanching
treatment, when processed and canned re-
tain more of the vitamins present than
vegetables.
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2. Heating mango pulp exposed to the
atmosphere results in considerable loss of
vitamin C.

3. ““Hot-break ” method of extracting
tomato juice retains more of ascorbic acid
in the juice than * cold-break ”’ method.

4. The loss of vitamin C is more in lye-
peeled peaches than in guavas.

5. Blanching in hot water causes a greater
loss of vitamin C than steam blanching.
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Component Fatty Acids of the Oil from
the Seeds of Benincasa cerifera Savi

S. C. SETHI & J. S. AGGARWAL
National Chemical Laboratory of India, Poona

The seed kernels of Benincasa cerifera Savi
( Petha ) yield 44-3 per cent of a clear light
yellow oil with the following characteristics:
ny°, 1:4739; ds°, 0-9196; acid value, 3-4; sap.
val., 189:1; iodine value, 125:0 ; unsaponifiable
matter, 1-47 per cent. The fatty acids com-
position of the oil is: linolenic, 1-02; linoleic,
62:36 ; oleic, 20-03 ; palmitic, 10-56 ; stearic, 5:76;
and arachidic, 0-27 per cent.

ENINCASA cerifera Savi ( Hindi:

B Petha ) belongs to the N.O. Cucurbita-

ceae. The plant is a native of Japan

and Java, but is cultivated in India as a
vegetable crop.

The seed oils from plants belonging to the
family of Cucurbitaceae form an interesting
subject of study on account of the diversity
of the component fatty acids present in them.
Whereas the oils from Telfairia and Tricho-
santhes species are characterized by the
presence of fatty acids having conjugated
double bonds, those from different varieties
of cucumber and luffa are free from conju-
gated polyetheroid unsaturation.

This paper reports the results of investi-
gations carried out on the fatty acids composi-
tion of oil from Agra variety of Petha*.

Experimental procedure

The kernels, which constitute 48 per
cent of the seeds, yield 44-3 per cent of a
clear and pale yellow oil on extraction with
petroleum ether ( 60°-80°C.) with the follow-
ing characteristics:

Sp. gr. at 30°/30° 0-9196
Refractive index at 25°C. 1-4739
Viscosity at 30°C. (c.s.) 46-67
Acid val. 34
Sap. val. 189-1
Sap. equiv. 2966

*Since the completion of this work in January
1953 Chakravarty and Mukherji! have examined the
seed oil from the Bengal variety of Petha and have
reported the characteristics and the fatty acids
composition of the oil.

Todine val. ( Wij’s) 125-0
Acetyl val. 149
Thiocyanogen val. 87-2
Hexabromide val. nil
Hehner val. 94-65
Soluble fatty acids, 9%, 0-2
Saturated acids ( modified Ber-

tram method?), 9%, 16-95
Unsaponifiable matter, 9%, 1-47

The oil (200 g.) was saponified with al-
coholic potash, alcohol distilled off and the
residue dissolved in water. After the re-
moval of unsaponifiable matter, the total
fatty acids were isolated as usual. The
neutralization equivalent and iodine value
of total fatty acids were 281-3 and 137-4
respectively.

A portion of the acids was crystallized at
—20°C. from acetone solution ( 10 per cent )
and another portion was fractionated accord-
ing to Twitchell’s lead salt-alcohol method
as modified by Hilditch?. The yield and
characteristics of the liquid and solid fatty
acids obtained in each case are given below:

Low temperature Lead salt-alcohol

crystallization method
I A

Liquid  Solid  Liquid  Solid

fraction fraction fraction fraction
Yield, % 85-5 14-5 851 149
Iod. val. 143:5 34:36 1522 339
Neutralization ~ 201-4 2036 1998 2054

val.

As the lead salt method gave a better
separation of liquid and solid acids than
crystallization at low temperature, it was
employed in the rest of the experiments.

Soluble lead salt fatty acids — The soluble
lead salt fatty acids on oxidation with potas-
sium permanganate ( modified Bertram me-
thod?) gave 2 per cent saturated acid, which
was characterized as palmitic acid.

The liquid acids were converted into
methyl esters, 44-66 g. of which were frac-
tionated under reduced pressure ( at 0-2-0-3
mm. pressure). Seven fractions including
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the residue were collected between the tem-
peratures 138° and 150°C. The loss in dis-
tillation ( 0-88 g.) was proportionately divid-
ed between each fraction. The first two
fractions were found to contain methyl pal-
mitate and the third and fourth contained
methyl linolenate. The component un-
saturated acids in each fraction were deter-
mined by ultraviolet absorption spectro-
photometric method* and iodine value deter-
minations. The final amounts of the dif-
ferent constituents were: methyl palmitate,
0-90; methyl linolenate, 0-54; methyl lino-
leate, 32:77 ; and methyl oleate, 10-45 g.

The acids from the third and the fifth
fraction were oxidized with alkaline potas-
sium permanganate’ when tetrahydroxy
stearic acid ( m.p. 172°-73°C.) and dihydroxy
stearic acid ( m.p. 130°-31°C.) were obtained
from both the fractions. The composition
of the soluble lead salt fatty acids was found
to be as follows:

%
Palmitic acid 2-:00
Linolenic acid 1-:20
Linoleic acid 7327
Oleic acid 23-53

Insoluble lead salt fatty acids — The in-
soluble lead salt fatty acids were similarly
converted into methyl esters and fractionated
(1450 g.) into six fractions under reduced
pressure (0-2-0-3 mm. pressure) between
134° and 145°C. The distillation losses
(1-17 g.) were proportionately divided be-
tween each fraction. The amounts of various
esters in the various fractions calculated
according to the method of Jamieson and
Baughmann® were: methyl palmitate, 8-53;
methyl stearate, 5-51; methyl arachidate,
0-26; and unsaturated esters, 0-20 g.

The acids from the fifth fraction, on
repeated crystallization from dilute alcohol
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and acetone, gave a product melting between
60° and 64°C. indicating it to be a mixture
of palmitic (63°C.) and stearic acids ( m.p.
69°C.).

The amounts of individual saturated com-
ponents in the insoluble lead salt fatty acids
were:

%
Palmitic acid 59-50
Stearic acid 3866
Arachidic acid 1-84

The fatty acid composition of the oil is
thus as follows:

0, e

Linolenic acid 1-:02

Linoleic acid 62:36

Oleic acid 20-03

Palmitic acid 10-56

Stearic acid 576

Arachidic acid 0-27
Unsaponifiable matter — The unsaponi-

fiable matter, on repeated crystallization from
alcohol, gave a colourless product melting
at 140°-41°C. and exhibiting well-defined
Libermann Burchard colour test for sterols.
It was identified as sitosterol ( acetate, m.p.
130°C.).
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Determination of Small Amounts
of Aluminium in Steel by
a Spectrochemical Method

B. C. KAR

National Metallurgical Laboratory, Jamshedpur

A method is described for the spectrochemi-
cal determination of small amounts of alu-
minium in steels employing a medium quartz
spectrograph and synthetic standards.

HE estimation of small amounts of
aluminium in steel by chemical

methods is extremely difficult and
involves a lengthy procedure. Attempts
have, therefore, been made to determine it
by spectrochemical methods!-8. For the
spectrochemical determinations, sufficient
care has to be taken to prepare a homo-
geneous sample. Castro? recommended a
solution method of analysis when there is
an appreciable amount of alumina segregated
in the steel sample. Schuissmann® and
Spiers, Fisher and Proctor® determined the
total aluminium in steel by the solution
method. Majumder and Ghosh® determined
small amounts of aluminium in ferrous alloys
employing a medium quartz spectrograph,
using the solution method.

In the present investigation, small amounts
of dissolved aluminium (aluminium which
can be dissolved by hydrochloric acid) in
steels have been determined by taking the
steel into solution.

Experimental procedure and results

The test samples contained: C, 0-4; Mn,
0-8; Si, 0-20; S, 0-05; and P, 0-05 per cent;
and Al varying from 0-005 to 1-3 per cent;
Fe, balance.

Standard solutions were prepared by dis-
solving separately spectroscopically pure
iron, manganese and aluminium in extra
pure hydrochloric acid. They were then
mixed in such proportions that the alumi-
nium content of the resulting solutions was
0-005, 0-01, 0-02, 0-03, 0-04, 0-05, 0-06, 0-08,
0-10, 0-12, 0-15 and 0-20 per cent; manganese,
0-8 per cent and the balance iron. Nitric
acid was added to oxidize the ferrous iron

to the ferric state. Drillings of the test
samples containing varying amounts of
aluminium were dissolved in hydrochloric
acid and filtered. Nitric acid was added
to oxidize the ferrous iron. Manganese,
iron and acid content in both the standard
and unknown sets of solutions were kept
uniform and the volumes of all the solutions
used were the same.

A Hilger medium quartz spectrograph
(Fp 60 cm.) with a quartz spherical conden-
ser placed at a distance of 2 cm. from the
slit was used. The entire length of the slit
was uniformly illuminated by radiation from
whole of the light source. The source of
excitation was a condensed spark with pri-
mary 240 V., secondary 8 kV., capacity
0:005 mF. and self-inductance 0-25 mH.
The lower electrode was a graphite rod,
10 mm. diam. and 25 mm. long, suitably
fitted to a brass holder and with a flat top.
The upper electrode was a pointed carbon
rod, 6 mm. in diameter. The flat top of
the graphite electrode was sparked for about
a minute to remove any impurities initially
present.

Kodak B 20 plates (4 x 10 in.) were used
for recording the spectra.

One to two drops of the solution were
placed by means of a micropipette on the
pre-sparked flat top of the graphite electrode
and dried by slow heating. Heating was
done by bringing a small flame about 1 in.
below the bottom of the electrode. As soon
as the drops dried, the spectrum was taken
by passing the spark, the spark gap being
2 mm. and the time of exposure being 3 min.
The slit was 2 mm. long and 0-02 mm. wide.
To obtain a uniform radiation conditions
1 min. pre-sparking wasgiven to the electrodes
in each case. Theconditionsof exposure were
kept as identical as possible in all cases.

Spectra of the standard and the unknown
solutions were photographed on the same
plate, care being taken to record the spectra
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of the unknown and the standard solution
of nearest concentration side by side. Preli-
minary studies were carried out to get an
idea of the concentration of the unknown
solutions.

Photometric measurements were made
with a Hilger non-recording photoelectric
microphotometer. The aluminium analysis
lines 308216, 3092:72 and 3961-5 and the
corresponding iron reference lines 3077-17,
3098:19 and 3963-109 were used for photo-
metric work. For lower concentrations of
aluminium ( 0-005-0-06 per cent ), the line
3961-5 was invariably used. Working curves
were drawn by plotting log microphotometer
deflection of aluminium line/log microphoto-
meter deflection of iron line against the
known percentage of aluminium in the stan-
dard solutions. The variable shunt of the
galvanometer in the microphotometer was
so adjusted that the clear plate deflection
of the galvanometer was 40 cm. and the
deflection of the analysis aluminium lines
and reference iron lines were lying between
4 and 20 cm.

The percentage of aluminium in the un-
known solution was determined by inter-

308216 Al
307717 Fe

>

309272 A1
3098-19 Fe

2 3961-50 Al

396365 fe

PR

17 is 19 o 01 oz os 04 05 06
LOG RATIO

.
MR

F1G. 1 — LoG DEFLECTION RATIO vS. PERCENTAGE
OF ALUMINIUM
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TABLE 1 — ANALYSIS OF STANDARD AND TEST
SAMPLES

DiSSOLVED ~ STANDARD DEVIATIONS
Al dr
0 4 -
%% (mean ) a“:{A/n—l
Yo

B 0-0075 -+ 0:00077 or + 10-2
EAS1 0-0080 + 0-00084 or -+ 10-5
C 0-0175 4+ 0-0013 or 4 7-4
A 00190 4 0:0014 or £ 7-8
Standard 0-029; Al 0-0215 + 0-00108 or 4 5-0
FNCR 0-0290 4 0-0018 or + 6-0
ENCR2 0-0320 4+ 0-0022 or + T7-1
EAS3 0-0400 4+ 0-00277 or + 6-9
Standard 0-049;, Al 0:0410 + 0:00216 or 4+ 5-8
Standard 0- l““’ Al 0-1225 +4- 0-00507 or + 4-1
D 0-1610 + 0-00735 or & 4-6
EAS# (extrapolated ) 0-2100 4+ 0-0091 or + 43

polation of its log-galvanometer deflection
ratio from the working curves. Fig. 1 re-
presents the working curves of all the three
pairs of lines. Table 1 gives the results of
analysis of a few synthetic standards and
test samples. The reproducibility that can
be obtained is also indicated in Table 1 by
standard deviations.
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Coal Systematics: Deductions from
Proximate Analysis of Coal: Part I

B. K. MAZUMDAR

Fuel Research Institute, Jealgora, Bihar

An attempt is made to correlate the different
intrinsic properties of coal with its proximate
analysis. For coals having volatiles above 35
per cent (unit coal ), the amount of volatiles
alone is not enough to fix the different proper-
ties of coal. Moisture, which is an intrinsic
property of coal,can be co-ordinated with vola-
tiles ( unit coal ) to serve as an index of their
quality and heat value of coal,and can thus give
an accurate assessment, even in high moisture
coals, of calorific value, carbon ( total), hy-
drogen and oxygen.

NE of the earliest and still one of the
most useful tests for the commercial
evaluation and scientific classification

of coals is the proximate analysis. Owing
to its simplicity, it is often carried out to
the exclusion of all other tests, and in the
absence of other data we have to make the
most of the information thus afforded. As
a result of the classical work of Regnault!,
Johnson?, Gruner?, Frazert, and others, the
significance of volatile matter (referred to
hereafter as volatiles) in the broad classi-
fication of coals was realized and various
attempts have been made to correlate the
properties of a coal with the results of its
proximate analysis. An important and vital
deduction was made in 1902 by Goutal® who
correlated calorific value with volatiles and
fixed carbon. The relationship is given by
the following equation:

Q = 82C 4- a.V,, cal./g. (dry ash free)

where Q, C and V denote calorific value in
cal./g., fixed carbon and volatiles percentages
respectively of the dry ash-free coal, and
““a” is a varying factor depending on the dry
ash-free volatiles. This is substantially the
same as in the dry mineral matter free vola-
tiles, when the ash is below 10 per cent, as in
nearly all the coals chosen by Goutal.
Subsequently, various formulae® have been
put forward from year to year, and among

the latest* is that of Schuster” which states
Q = 8,000 + B(70 — 1-65B)

where Q = gross calorific value, cal./g., on
dry ash-free basis and B = per cent volatiles
on dry ash-free basis. Several investigators
have also noted a relationship between
volatiles and total carbon and hydrogen of
coals, one of the earliest being Diederichs®
who correlated hydrogen (H) with volatiles
(V) as follows:
7-35

Later, in 1907, Seyler® gave a logarithmic
formula for hydrogen

H = 2:80 log V -+ 0:95

The relationship of hydrogen with volatiles
has been studied graphically by Fieldner and
Selvig!® and also more recently by Evans!?,
Korn!? and Schuster®® claimed a linear rela-
tionship between volatiles and total carbon,
a conclusion disputed by Seyler, who in
1937 gave a quadratic equation!* for the
relation between carbon and hydrogen from
volatiles:

H = 0-1292V—0-00156V2 4- 2-69
C = 0-299V—0-01334V2 4 90-79

The formulae of Goutal, Schuster, and
others for the calorific value, and those of
Seyler and others for the elementary compo-
sition of coals deduced from the volatiles
alone, suggest that coals having the same
amount of volatiles have always the same
calorific value and the same elementary
composition. This, however, is only an
approximation over a certain range, i.e. for
coals having volatiles up to 35 per cent;
even then, there are exceptions. When the

*Attention of the author has been drawn to the

recent work of C. Georgiadis [ J. Usin. Gaz., 76
(9) (1952), 314-16 ] correlating calorific value with
volatiles and crucible index of coal. This will be
dealt with in a subsequent communication.
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volatiles exceed 35 per cent, we find, not in-
frequently, a wide variation in the calorific
values and ultimate compositions ( C, H and
O) of coals having the same volatiles,
especially if the coals are from different
sources. Moreover, although Seyler’s rela-
tionships are primarily intended for vitrains
( brights ) his equations often fail with coals
having more than 35 per cent volatiles, even
if they are brights. In Table 1, some Indian,
British ( predominantly brights ), American
and Canadian coals having approximately
40 per cent volatiles are presented along with
their calorific values and ultimate composi-
tions, all expressed on unit* coal basis. The
wide variation in the properties of the coals
having the same volatiles will at once be
evident.

Irrespective of the rank of coal ( at least,

particularly for bituminous coals) the ulti-

mate composition, and hence the heating
value of the “ fixed carbon " does not vary
much but is almost constant. It has been
established in these laboratories that a typical
analysis of fixed carbon (dry ash-free) for
Indian coals is approximately: Carbon, 97-0;
hydrogen, 0-6; nitrogen, 1-4; sulphur, 0-5;
and oxygen, 0-5 per cent. ( The main Indian
coals, i.e. coals from Bengal and Bihar, are
low in sulphur—averaging 0-4 to 0-8 per
cent) The heating value of the “fixed
carbon  appears to lie within the range of
14,300 - 150 B.t.u./lb. The fixed carbon
of lignites tends to have a heating value
towards the lower limit, i.e. 14,150 B.t.u./lb.,
whereas that of low volatile coals approaches
the upper limit, i.e. 14,450 B.t.u./Ib. For
bituminous coals the average figure is 14,400
B.t.u./lb. or 8,000 cal./g. The heating value
of unit volatiles can then be calculated from
the expression

Heating value of volatiles in unit coal ( B.t.u./lb.)=

Cal. val. ofunit _ , [ 14,400 X fixed carbon %,
coal, B.t.u.[lb. [~ ToC (in unit coal )

135 X volatiles % ( in unit coal )
The “ calorific value of the volatiles ” so
defined will include heat of decomposition
which, however, is small, especially for

*Unit coal is the pure coal substance free from
moisture and mineral matter. For most Indian
coalsitis given by the expression: 100 —(M-+1-1A),
where M = per cent moisture, and A = per cent ash
in the coal on ‘‘as received " basis. For high sulphur
coals (S>1 per cent) Parr's formula may be used,
ie. 100—(M+1-08A+0-55S) where S=per cent
total sulphur in the coal on * as received "’ basis.
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mature coals. The volatiles, however, do
not include the water of hydration of the
mineral matter and are thus referred to as
““unit coal volatiles ” — being the volatiles
from unit coal. In Table 1, the heating values
(in B.t.u./lb.) of unit coal volatiles have been
calculated by the above formula. It is ap-
parent that iso-vol. coals (i.e. coals of equal
volatiles on unit coal basis ) may have widely
varying heating values for unit volatiles,

Table 1 shows that coals having the
same volatiles (40 per cent) may have
calorific values from 12,500 to 15,400 B.t.u./
Ib., carbon from 74 to 86 per cent, hydrogen
from 4-8 to 6-0 per cent and oxygen from as
low as 6-0 per cent to as high as 19-0 per cent
or even more. Similar wide variations may
also be shown to exist at any other range of
volatiles beyond 35 per cent (unit coal).
As will be seen from the results in Table 1,
the calorific value of unit coal volatiles
(B.t.u./lb.) of the iso-vol. coals appears to
vary from 9,880 B.t.u./lb. to 16,820 B.t.u./Ib.
Clearly the amount of volatiles of a coal
is, therefore, not an adequate or sufficient
criterion for fixing the calorific value. In
Figs. 1 and 2 the calorific values of the
volatiles of the iso-vol. coals given in Table 1
have been plotted against (1) the carbon and
(2) the oxygen contents of the coals.

It will be observed that the calorific value
of the volatiles is linearly related to carbon
and/or oxygen contents of the coals, either of
which may, therefore, beagood measureof the
composition or the guality of the volatiles.

The foregoing discussion emphasizes the
need of an additional intrinsic factor or
index to govern the quality of the volatiles
for the precise evaluation of different pro-
perties of coal. Calorific value, oxygen and
hydrogen are a few such factors which have
been utilized in combination with volatiles
by Calderwood's, Seyler'® and more recently
by Spooner. The relationships of Calder-
wood are rather complicated and except for
carbon have been found to be much in error
and have not been stated here. The formulae
of Seyler and Spooner are:

C=(Q/100—1-1 V/3) 0-59-+43-4
H=(Q/100+V ) 0-069—2-86

Spooner: 0=63-75+0-1377V—0-007257Q
H=0-06624V4-0-0006912Q —2-75
C=39-2-+0-006393Q—0-2205V
0=87814+19V—144x O, cal./g.
Q=3787—100-5V+1506H, cal./g.

Seyler :
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where C, H and O are carbon, hydrogen and
oxygen percentages expressed on Parr’s
basis, and Q and V are gross calorific value
(cal./g.) and per cent volatiles respectively
on unit coal basis. (In Seyler’s formulae
C, H, Q and V are on dry ash-free basis.)

The above formulae are useful, but they
necessitate a knowledge of calorific value
(or of oxygen or of hydrogen) over and
above the results of proximate analysis. A
more readily available intrinsic index or
property in the above formulae would make
them more generally useful; and fortunately
proximate analysis results have such a
factor or index in the percentage moisture,
which (in properly ‘ conditioned” coal)
may be used instead of calorific value or
hydrogen or oxygen to ““ qualify ”’ the vola-
tiles. .

The importance of moisture in coals as
an index of the rank has long been recognized.
It has also been shown graphically by Mott18
(see Fig. 3 of his paper) that the natural
moisture of coal and oxygen content ( Parr
basis ) are linearly related. Again, as shown
earlier ( F1. 2), oxygen can be used as a
measure of the calorific value of the volatiles
and is thus a good index of their composition
or quality. In a word, moisture, which is
more or less proportional to oxygen, may
serve as an index of the quality of the
volatiles. Further, such moisture for iso-vol.
coals varies widely (TaBLE 1) and is
actually a measure of the calorific value of
the volatiles ( F1. 3) and hence an index
of the quality. Moisture, which is closely
related to the physical and chemical proper-
ties of coal, in fact serves as a parameter for
co-ordinating volatiles with the different
properties of a coal.

These arguments have led to the following
formulae ( for unit coal) correlating calorific
value, carbon, hydrogen and oxygen with
volatiles and moisture.

1. Q=9170—16V—60M, (1—0-001M,),

cal./g.
=16510—29V—108M, (1—0-001M,),
B.t.u./lb.

2. C=0-97F+0-70V—M, (0-6—0-01M,)
=97—0-27V—M, (0-6—0-01M,)

3. H=3-6+0-05V—0-0035M? x (1 —0-02M,)
4, 0=0-25V4-0-4M,—2:80

where () = calorific value; C=per cent car-
bon; H= per cent hydrogen; O = rper cent
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% AIR-DRIED MOISTURE (MINERAL FREE) FOR COALS
HAVING 40% VOLATILES (UNITCOAL)

F1G. 3 — RELATION OF AIR-DRIED MOISTURE TO
CALORIFIC VALUE OF UNIT VOLATILES

oxygen*; V = per cent volatiles; and F = per
cent fixed carbon (all on dry mineral-free
basis, i.e. unit coal ); and M; = per cent air-
dried equilibrium moisture [ at 60 per cent
relative humidity (R.H.)] expressed on mine-
ral-free basis.

“ Air-dried "’ moisture, though a character-
istic property of coals, is, however, subject
to wide variations when there are humidity
fluctuations in the atmosphere. Hence a
proper definition of air-dried moisture is
essential. Here we define “* air-dried equili-
brium "’ moisture as that moisture which is
retained by the coal ( ground to pass 72 mesh
B.S. sieve) after the coal attains equili-
brium with an atmosphere of 60 per cent
R.H. at 25° to 35°C. This atmosphere is
easily obtained by keeping a solution of cal-
cium chloride ( sp. gr. 1:30) in a closed space.
The ‘ true” air-dried moisture is that
moisture which the coal retains after coming
to constant weight in such an atmosphere.
The exact temperature in this range is not
of importance.

The proposal to refer the moisture to 60
per cent R.H. is not without purpose. Syste-
matic study of the reported air-dried mois-
ture for hundreds of coal samples of different
ranks ( moisture 1 to 15 per cent) analysed
at different seasons of the year has shown
that most of the moisture figures refer to
approximately 60 per cent R.H., although
in India the R.H. may vary from 10 to Y0

*This oxygen includes organic sulphur. For

high sulphur coals special treatment is necessary.
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per cent during a year. These are, however,
extreme limits of variation, and from our
records the average R.H. in the laboratory
appears to be in the region of 60 per cent.
This assumption has been borne out by the
studies on 146 widely different Indian coals.
The volatiles in these coals ranged from 19
to 44 per cent (unit coal) and air-dried
moisture ( mineral-free) from 1 to 15 per
cent. The applicability of the set of formulae
has also been studied on 54 typical British
coals ( covering practically all the coalfields
of Great Britain) having volatiles from 14
to 47 per cent and air-dried moisture from
0-6 to 16 per cent. The accuracy of the
prediction of the calorific values and the
ultimate analyses (C, H and O, all on unit
coal basis) has been found to be satisfac-
tory*.  Although, the frequently correct
predictions would point to the reported air-
dried moisture for Indian and British coals
to be (almost) in equilibrium with an
atmosphere of 60-70 per cent R.H., it is not
unusual to find wide variations of air-dried
moisture of coal samples ( especially high
moisture) of a particular seam at different
seasons of the year. For better evaluation
of the intrinsic properties of coal (Q, C, H
and O) from proximate analysis by means
of these formulae, it is, therefore, desirable
and indeed essential to determine the ‘ air-
dried equilibrium ”’ moisture at 60 per cent
R.H., as outlined above.

“Bed”, “Seam”, “Mine”’, “Capacity ", or
“ Maximum Adsorbed Moisture (M.A.M.)1® "
(all of which are used in more or less the
same sense) can be used, provided suit-
able modifications for moisture are made in
the formulae. Studies on the variation of
moisture with relative humidity have shown
that bed moisture or capacity moisture ( at
100 per cent R.H.) for most coals is approxi-
mately 40 per cent higher than the air-dried
moisture at 60 per cent R.H. In the light
of this study the air-dried moisture factors
in the formula¢ have been converted to re-
present capacity moisture, other terms in
the formulae remaining the same. The
modified set of formulae, thus obtained, has
been successfully applied for the calculations
of unit coal calorific value, carbon, hydrogen
and oxygen from proximate analyses in case

*The average R.H. in England appears, however,
to be somewhat higher than in India. Hence, the
moisture factor in the set of formulae could be
slightly adjusted to suit British conditions better.

of 100 Alberta coals whose capacity moisture
varied from 1-4 to 60-0 per cent. ( Capacity
moisture used in the formulae is expressed
as parts of moisture per 100 parts of dry
mineral-free coal substance, which is not the
same as per cent motsture.)

The following formulae have also been
deduced for direct calculation of calorific
value, carbon, hydrogen on ““ air-dried”’ basis
from the proximate analysis reported on air-
dried basis (ie. at 60 per cent R.H.):

1. Q,=165F+136 (V,—0-1A))—
108M, (1—0-001M,)
2. C=0-97F,+0-70 (V,—0-14,)—
M, (0-6— 0-01M,)
3. H,=0-036F,40-086 (V,—0-1A,)—
0-0035M? (1—0-02M,)

where Q, = calorific value, B.t.u./lb.; C, =
per cent carbon; H; = per cent hydrogen
( corrected for moisture of coal and water
of constitution of the shale in coal); F, =
per cent fixed carbon; V, = per cent volatiles;
A, = per cent ash; M = per cent moisture
[all items on air-dried basis (60 per cent
R.H.)]; and (V,—0-1A,) = per cent volatiles
on air-dried basis after correcting for the
shale moisture which has been taken as
equal to one-tenth of the ash per cent. ( Cor-
rections of the volatiles for the carbon
dioxide of carbonates and also for sulphur
are advised if either the sulphur or carbon
dioxide exceeds 1 per cent.)

These formulae have been found helpful
in the checking of laboratory analyses: fre-
quently, the calculated and the determined
values are materially the same. For coals
which are not highly “abnormal ” (i.e. having
very little or not more than 2 per cent *“ vola-
tile displacement ") it is usual to find the
predicted values of carbon and hydrogen
on air-dried basis lying within +0-50 and
+4-0-10 of the actual values respectively. For
low moisture coals ( moisture not exceeding
3-4 per cent) the predictions may be closer.
Where there is great divergence, the coal has
probably been weathered or is an outcrop
coal or a highly abnormal coal.

Scope, accuracy, merits and
limitations of the formulae

The details of development have been
worked out for each of the formulae ( corres-
ponding regression formulae seem to be
possible and have been evaluated) along
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with their range of application, the probable
accuracy of the calculated values, the effect
of variations in the petrological constituents
on the results, as well as the significance of
the ideas underlying the formulae in ““ coal
systematics . The following conclusions are
tentatively drawn.

1. Unlike the formula of Goutal or Schuster
(and other similar formulae for calorific
value which are based on volatiles and fixed
carbon only) the proposed formula takes
into consideration the varying quality of the
volatiles*, and hence does not give always
the same calorific value for the same magni-
tude of volatiles. This point of contrast
will be at once evident from an inspection
of the formulae:

Goutal: Q=82C+a.V., cal/g.
Schuster: Q=80004-V (70—1-65V), cal./g.

New formula ( Mazumdar ):
' 0=9170—16V—60M,
(1—0-001M,), cal./g.

The new formula is applicable with good
“fit” to all coals having more than 18 per
cent volatiles (unit coal). The expected
accuracy is within 41 per cent, and only
seldom will the error exceed 4-1-7 per cent
of the experimental values (unit coal). It
is true even for coals having 15-16 per cent
air-dried moisture. The real virtue of the
new formula lies in its accuracy for both low
and high moisture coals. The classical
formula of Goutal, it should, however, be
pointed out, is also accurate for coals up to
about 35 per cent volatiles (pure coal);
but above 35 per cent volatiles, errors are
frequently high both for (1) low moisture
and high volatile and (2) high moisture and
high volatile coals. The reason for this is
that in the high volatile coals especially it
is not only the quantity but also the guality
of volatiles that has to be taken into con-
sideration to find the calorific value. The
new formula assesses the quality of vola-
tiles by means of the moisture factor. This
is its important feature.

2. The formulae proposed for carbon and
hydrogen (unit coal) embodying volatiles
and moisture are as follows:

New formulae ( Mazumdar):
% C=97—0-27V—M, (0-6—0-01M,)
% H=3-6+40-05V —0-0035M] (1 —0-02M,)

*Goutal or Schuster allows for this, but not for
iso-vol. coals.
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The formulae predict values as accurately as
do Seyler’s formulae involving volatiles
alone — and often more accurately.

Seyler’s formulae:
H=2-80 log V+40-95
H=0-1292 V—0-00156 V24-2-69
C=0-299 V—0-01334 V2490-79

Seyler’s relationships are for bright coals,
but may also be used for other coals with
some knowledge of their petrology, as pointed
out by him. Even in bright coals, having
more than 35 per cent volatiles, it is well
known that for the same volatiles there is a
wide scatter in the elementary composition
(C, H and O), and it is in these coals espe-
cially that the new formulae will be found
better. Furthermore, the new formulae
have also been found to give comparable
results as Seyler’s later set of more exact
formulae based on volatiles and calorific
value. A comparative study of the appli-
cation of the formulae to 18 typical British
coals® (average vitrinite content above
80 per cent) having volatiles from 17 to
46-8 per cent (unit coal), and air-dried
moisture ( mineral-free ) from 0-5 to 15-6 per
cent gives the following results ( TABLE 2).

The above accuracy has been obtained,
in spite of the assumption that the reported
air-dried per cent moistures relate to an
equilibrium with 60 per cent R.H. Probably
the results of the V and M formula would
have been better had the coals been pro-
perly conditioned for the determination of
the true air-dried moisture at 60 per cent
R.H. The new formulae are, of course,
based only on proximate analysis, and are
thus more readily applicable to available
analyses. An almost similar order of ex-
pected accuracy for the formulae for carbon
and hydrogen has also been obtained for
Indian coals. The Indian coals studied were
not brights ( volatile displacement usually
about 2-3 per cent but in some cases more )
and the average ash was considerably higher
than 15 per cent. The accuracy obtained
is, therefore, better than could be expected.

TABLE 2 — STANDARD DEVIATIONS OF SEYLER'S
AND NEW FORMULAE

SEYLER’S NEW FORMULA
FORMULA ( USING VOLATILES
( USING VOLATILES AND MOISTURE )
AND CAL. VAL.)

+0-56
+0-10

+0-69

Carbon ( unit coal }
+0-09

Hydrogen { unit coal )
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3. The proposed formula for oxygen ( unit
coal ) is as follows:

New formula ( Mazumdar ):
% oxygen=0-25V+0-4M,—2-80

This formula for oxygen from proximate
analysis alone compares not unfavourably
with Spooner’s which requires calorific value
over and above the proximate analysis
results. The expected accuracy of predic-
tion of oxygen on the dry mineral basis
[ oxygen=100—(C+H+N) * works out to
+0-67 ( 68 per cent probability ) in the case
of 146 Indian coals (oxygen content vary-
ing from 2-5 to 15 per cent unit coal). The
accuracy will probably improve with the pro-
per conditioning of the coals for moisture, as
recommended earlier.

4. The formulae have also been applied
to sub-bituminous coals and lignites, where
the capacity moisture may be high. It
appears from a preliminary study that, even
in these very low rank coals, the formulae
are essentially sound. Excessive and irregu-
lar amounts of abnormal bodies, such as
waxes and resins in these coals, however, in
certain cases militate against the precision
obtainable with true bituminous coals.

5. The correlating of volatiles and mois-
ture ( an index of quality ) with the proper-
ties of a coal may be extended to other im-
portant properties, besides those considered
here. The possibility that volatiles and
properly defined moristure, along with a
knowledge of the coal petrology, may be a
most useful guide to other properties of coal
(e.g. in combustion, carbonization, gasi-
fication ) does not appear to be far-fetched.
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Histology of Red Hairy Sheep Skin

B. M. DAS & S. K. MITRA
Central Leather Research Institute, Madras

The histology of red hairy sheep skin has
been studied and compared with that of woolly
sheep skin. Red hairy sheep skin is tougher
than woolly sheep skin and possesses the
basic characteristics required for the produc-
tion of roller leather.

ED hairy sheep is found only in South
R India. Its skin is much prized in

England and other European coun-
tries, and is used mostly for the manufacture
of roller leather required in spinning mills.
While considerable work on the histology of
woolly sheep skin has been carried out,
there has been practically no work on the
histology of red hairy sheep skin. It has,
therefore, not been possible to compare its
basic qualities with woolly sheep skin and
explain why red hairy sheep skins are best
suited for roller leather.

This study was undertaken with a view to
find out the structural features of the red
hairy sheep skin which contribute to the
special characteristics exhibited by roller
leather. It is expected that this investiga-
tion would increase our knowledge of roller
leather producing skins.

Materials and methods

The skins were obtained from freshly
slaughtered animals for examination. Small
pieces were cut off from different regions fixed
in 10 per cent formol solution for histological
work. The freezing method of sectioning
was used. Sections c. 40 p thick were ob-
tained and stained with haematoxylin, eosin,
gentian violet, scarlet red and Weigert's
elastic tissue stain, depending on the struc-
ture to be examined. The thickness of the
grain and corium of the skins were determin-
ed from the sections used for histological
examinations. The histological technique
followed was the same as that described in
our earlier studies.
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Microscopic characteristics

The general structure of fresh red hairy
sheep skin and woolly sheep skin ( F16s. 1 and
2) show that they generally exhibit the same
features. However, a characteristic dif-
ference which is readily observed is the
thickness of the grain layer ( corium minor ).
In red hairy sheep skin there is a much
thicker grain layer and a relatively thinner
corium. The thickness of the grain layer in
the hairy sheep skin is 1-59 mm. whereas in
the woolly sheep skin it is 1-10 mm. The
total thickness of the grain plus corium layer
in hairy and woolly sheep skins are 2:37 mm.
and 2:00 mm. respectively.

The epidermis, the stratum corneum and
stratum germinatum are quite distinct in
red hairy sheep skin. The hair-pores in
red hairy sheep skin are closer than in
woolly sheep skin ( Fig. 3). The hair fol-
licles are more or less straight. They are
longer and deeper than in woolly sheep skin.
The crector pili muscles are large and well

F1G6. 1 — VERTICAL SECTION OF RED HAIRY SHEEP
SKIN (X 32)
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developed and occupy the same relative
position as in woolly sheep skin extend-
ing right up to the epidermis. The seba-
ceous and sudoriferous glands and their
ducts are similar in both the skins. IFat
cells and fat droplets are also observed in
hairy sheep skin, but their number is smaller
than that in woolly sheep skin.

Elastic tissue fibres in the hairy sheep skin
are found mainly in the upper part of the

F1G. 2 — VERTICAL SECTION OF WOOLLY SHEEP SKIN
(x 32)

F1G. 3 — GRAIN SURFACE OF (A) RED HAIRY AND
(B) WOOLLY SHEEP SKINS SHOWING ARRANGEMENT
OF HAIR PORES ( X §)

F1G. 4 — HORIZONTAL SECTION OF RED HAIRY SHEEP
SKIN ( THROUGH GRAIN LAYER) SHOWING ELASTIN
NETWORK OF THE GRAIN ( X 98)

grain layer and are arranged parallel to cach
other and to the surface. In sections cut
horizontal to the skin surface and stained with
a special stain, a network of elastic fibres is
seen ( F16. 4). The hairy sheep skin con-
tains more of this tissue than woolly sheep
skin.

In the corium proper, the collagenous
bundles are a little fuller in red hairy sheep
skin than in woolly sheep skin. The fibre
bundles are of low angle type in both the
skins. The subcutaneous muscle is seen
attached to the skin in both the skins.
Reticular tissue which occurs in the hairy
sheep skin in the form of a fibrous network
is also found in woolly sheep skin.

Effect of liming

The effect of liming on the grain thickness,
and the angulation of collagenous bundles of
hairy and woolly sheep skins was studied.
The liming operation consisted in soaking
small pieces of skins separately in 10 per cent
lime suspension liquor containing different
proportions of sodium sulphide ( 0-25-10 per
cent on the weight of skin) for 12 days.
Sodium sulphide was added to the liming
liquor to determine the extent of plumping
of the skins.

The gain in thickness of the grain and
angle of weave following liming are given in
Table 1.
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TABLE 1 — EFFECT OF LIMING

COMPOSITION OF RED HAIRY WooLLy
LIME LIQUOR SHEEP SKIN SHEEP SKIN
s A N A =,
Grain Angle of Grain Angle of
thickness  weave thickness  weave
mm. mm,
Lime, 10%, 1-59 Less than 1-10 Medium
medium
Lime, 10% +sodium 1-59 do 1-24 do
sulphide, 0-259,
Lime, 10% +sodium 1:59 do 1-93 do
sulphide, 0-509%,
Lime, 10% +sodium 1-80 do 1-63 do
sulphide, 0-75%, -
Lime, 10% +sodium 2-15 Low 1-20 Less than

sulphide, 1% medium

From the results given in Table 1, it is
evident that lime alone has practically no
effect on the grain thickness of the skins.
Sulphide liming appears to influence the
plumping of red hairy sheep skin to a
greater extent than of woolly sheep skin,
and its effect on the angulation of the fibre
bundles of red hairy sheep skin is negligible
(F16. 5). While there is a progressive
increase in the thickness of the red hairy
sheep skin when the amount of sulphide added
to lime solution is increased from 0-75 to
1-0 per cent, an apparent decrease is noticed
in the thickness of woolly sheep skin.

From a study of the microscopic charac-
teristics of the skins, it appears that red
hairy sheep skin is characterized by thick
grain layer and relatively thin corium. This,
together with closely located hair pores and
well-developed elastin fibre of the grain,
may account for the strong and smooth grain
of the red hairy sheep skin.

The corium of red hairy sheep skin differs
from that of woolly sheep skin in thickness
and in the fullness of collagenous bundles.
The fullness of the fibre bundles may account
for the compactness of the red hairy sheep
skin.

Red hairy sheep skin is thicker than woolly
sheep skin and can apparently be plumped
to a greater extent than woolly sheep skin
without causing damage to its fibre struc-
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F1G6. 5 — VERTICAL SECTION OF RED HAIRY SHEEP
SKIN AFTER LIMING FOR 12 DAYS WITH 10 PER CENT
LIME AND 1 PER CENT SODIUM SULPHIDE ( X 23)

ture. Sulphide liming increases the thick-
ness of the grain layer but not the angulation
of the fibre bundles of the red hairy sheep
skin. This increase in grain thickness and
low angulation of the fibre bundles may
account for the firmnzss and good tensile
strength of roller leathers made from hairy
sheep skin.

This study indicates that red hairy sheep
skin possesses the essential basic qualities
required for the production of roller leathers,
namely: (1) firmness and a smooth, strong
grain, (2) low angulation of the fibre bundles
with compact weave, and (3) full fibres with
good tensile strength.
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A Survey of the Indigenous Tanning
Materials of the Madras State: Part I—
White-valem Bark (Acacia leucophloea)

J. BUDAGA RAO, Y. NAYUDAMMA & B. M. DAS

Central Leather Research Institute, Madras

A systematic study has been made of white-
valem ( Acacia leucophloea) bark, one of the
indigenous tanstuffs of Madras State, with a
view to use it in place of imported wattle bark
in the E.I. tannage of kips. Chemical exa-
mination of the bark and practical tanning
trials have shown it to be a satisfactory subs-
titute for wattle bark. Leathers produced
by white-valem tannage compare favourably
with those produced by wattle tannage. In
admixture with avaram bark, white-valem
bark gives a leather superior to that obtained
with wattle tannage.

to vegetable tanning materials and im-
ports ¢. 30,000 tons of wattle bark and
its extract (mimosa extract) annually to
meet the requirements of the leather industry.
It is essential, therefore, that suitable substi-
tutes for imported wattle bark are developed
from indigenous raw materials.
Edwards and co-workers! have examined
a number of Indian plants for their suitability
as tanning materials. The conclusions arriv-
ed at from these studies, according to the
authors, were in many cases based on scanty
data and fuller investigation of the plants
was necessary to correct or confirm the
findings reported by them? The work on
the tanstuffs investigated by these workers
was mainly confined to the determination of
the tannins and non-tannins by the official
methods of analysis. Recent researches
have shown that in addition to tannins and
non-tannins in the tanstuff other constituents
such as acids and salts in them have an im-
portant bearing on the tanning of leather.
Published information on the acid and salt
contents of indigenous tanstuffs is scanty
and it is only recently that data on some
important Indian tanstuffs were collected?.
Similarly, information on the practical appli-

INDIA is not self-sufficient with respect

cation of these vegetable tanstuffs and their
performance in tanning of leather is meagre.
It is possible to substitute imported wattle
bark or its extract with suitable tanning
materials, individually or in combination or
by a judicious adjustment and modification
of the chemical properties of tan liquors
obtained from indigenous tanning materials.
It was, therefore, considered desirable to
carry out a systematic investigation of pro-
mising indigenous tanning materials which
are in abundant supply. With the co-opera-
tion of the Forest Department of .the
Madras State, a systematic study of one such
substitute, namely white-valem ( Acacia
leucophloea; Hindi: Kikard; Telugu: Tella-
tumma; Tamil: velvayalam ) bark, has been
carried out and the results are reported in
this paper.

White-valem bark is similar to babul bark.
The tree is a moderate sized one with a girth
of 3 ft. and 8 ft. 10 in. bole. It is a thorny
deciduous tree with a spreading crown and
crooked trunk. The bark is light yellowish
grey to nearly white, light red inside and
smooth. This tree grows in plenty in the
districts of Coimbatore, Vellore, Godavery
in South India and on the plains of the
Punjab and Uttar Pradesh. Though the
exact quantity of the bark available is not
known, it can be assumed that it will be
available in plenty.

Experimental procedure

Chemical characteristics — The bark was
obtained from the forest range, Santhavasal
( Vellore East Division) and analysed for
its chemical, physical and tanning charac-
teristics. The total acid and salt contents
of the bark were determined according to
the method of O’Kell* and the amount of
weak acids and their salts according to the
method of Atkin and Burton®. The results
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TABLE 1 — CHEMICAL ANALYSES OF TANNING MATERIALS

TANNING TypE OF TANNIN  NON-TANNIN T/NT ToraL ToraL RaTIO OF pH

MATERIAL TANNIN % % RATIO Acinst saLTst ACIDS TO
SALTS
White-valem* Catechol 17-0 70 2:4 nil 156-0 — 50
Wattle do 36-0 14:0 2:5 60 457 0-13 5-0
Babul do 140 10-0 14 40-0 16-0 0-47 52
Avaram do 17-0 10-0 LeF 12-6 121-0 0-10 52
*Insolubles, 66:0; ash, 1-2; sugars ( glucose ), 0-64; buffer index (cc. of N acid required to change the pH of 100 cc. of
20°Bk. liquor by one unit }, 3-5.
$Total salts and acids expressed in mg. equiv./100 g. of total solubles in 1 L. of liquor.

of the chemical analysis of the bark are
reported in Table 1. These results differ 8}‘—- o=
with those reported in literature. Fray- L e /]
mouth® reported an average tan content of 7 - - r/ d
12 per cent and the T/NT ratio 16 as com- L] D Y/ V
pared to 17-0 and 2-4 for this bark. The ol— J P
results of the chemical analyses of white- ¢ | i \’
valem, wattle, babul and avaram barks are - ! = | i
given in Table 1. 5 T A1 o B i B

These results indicate that the white-valem —1- '—Uw“ KN
bark is similar to wattle bark with regard to 4 ),N“ - £ 74 [/ .
the T/NT ratio, total acids, and pH. The ’/.Jr“.q_e?°_ I A
wattle and white-valem barks contain very 5 pdn Y
little of acids and both are catechol types of 7 5 3 : 1 3 5 @
tannins. The white-valem bark contains cc.OF N HCl. cc.OF N NaOH

only 17 per cent of tannins as in babul or
avaram bark, but it differs from them in
respect of other properties. The results also
indicate that white-valem bark alone can be
used as a substitute for wattle bark.
Potentiometric titration studies — The tan
liquor from the bark was titrated with stan-
dard alkali and acid according to the method
of Atkin and Burton® and the weak acids
and salts of weak acids determined. The
results are given in Table 2 and plotted in

TABLE 2 — WEAK ACIDS AND SALTS OF WEAK
ACIDS IN DIFFERENT TANNING MATERIALS

TANNING WEAK  SALTS OF RaTIO BUFFER
MATERIAL ACIDS*  OF WEAK OF ACIDS  INDEX
ACIDS*  TO SALTS
Babul bark 375 242-0 0-15 1-86
Avaram bark 500 206-5 019 2:11
Konnan bark 325 366-5 0-09 2-66
Wattle bark 15:0 85-0 0-13 0-67
White-valem bark nil 390-0 — 3:50

*Expressed in mg. equiv./100 g. of total solubles in 11 of
100°Bk. liquor.

F1G. 1 — TITRATION CURVES OF TANNING MATERIALS

Fig. 1. Similar data and titration curves
for avaram, babul, konnan and wattle barks
are included in Table 1 and Fig. 1 for com-
parison.

The data show that the white-valem bark
contains a high amount of salts of weak acids
as in avaram and konnan barks. White-
valem bark liquor has a high buffer index,
and contains negligible amount of weak
acids as in wattle bark. From these studies
it can be safely concluded that white-valem
should prove to be a good tanning agent
with properties similar to avaram, babul and
wattle.

As the T/NT ratio in the white-valem bark
is high ( 2-4), it is suitable for the prepara-
tion of tannin extract. The extracts were
prepared by the following three methods:
(i) successive leaching with water ( six times)

TABLE 3 — ANALYSIS OF SOLID TANNIN

EXTRACTING LIQUID TANNINS NON-TANNINS
% %
Water 53-1 31-1
Water 4 3% sod. sulphite 58:0 32-0
Water + 39, sod. hydrosulphite 52:0 81-0

EXTRACTS FROM WHITE-VALEM BARK

MOISTURE INSOLUBLES CoLour pH
% % —
Yellow Red
8:0 78 12 13 57
8-0 2:0 138 20 6-9
8-2 8:8 14 15 63
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TABLE 4 — CHEMICAL ANALYSES OF LEATHERS TANNED WITH WHITE-VALEM AND WATTLE BARK

TRADITIONAL METHOD
X

MODIFIED METHOD TANNING WITH BLENDS
A A

— S ¢ .
White-valem  Wattle Acetate pickle Calgon pickle White-valem  Wattle
tannage tannage r N N e v and avaram tannage
White-valem  Wattle White-valem  Wattle tannage
tannage tannage tannage tannage
Moisture, % 10-40 14-00 14-00 140 14:8 12-60 12-60
Hide substance, 9 3840 38-00 38-12 38-2 395 42-00 40-70
Water solubles, 9 13:10 8:20 10-26 74 9:5 3-60 4-80
Total ash, 9, 1-35 0-58 2-58 0-8 3:0 0-73 0-60
Insoluble ash, 9, 06-10 0-10 0-64 0-4 1-5 0-12 0-10
Oils and fats, 9%, 9-49 6-83 6-87 87 69 9-00 11-20
Fixed tannins, % 28-49 32-87 30-11 33-3 278 31-80 30-60
Degree of tannage, % 81-30 8650 73-90 86-0 71-0 74-10 75-20
PH of water solubles 3-70 360 3:70 3-6 37 3-50 3-60
TABLE 5 — MICROSCOPIC CHARACTERISTICS OF LEATHER
TANNING PROCESS ADOPTED TANNING MICROSCOPICAL APPEARANCE REF. TO
MATERIAL PHOTOMICROGRAPH
Traditional E.I. tanning process White-valem Fairly bold fibre bundles; fairly compact and 1050
regular weave pattern; low angle of weave; large
amount of splitting with a little resticking; fibre
bundles show large curve with slightly fuzzy outline
do Wattle Slightly ill-defined fibre bundles with fairly compact 1051
and slightly irregular weave pattern and low angle
of weave. Large amount of splitting. Fibre bun-
dles show medium curve with slightly fuzzy outline
Modified E.I. tanning process — White-valem I1l-defined fibre bundles with loose and slightly irregu- 1052
acetate pickle lar weave pattern, and very low angle of weave.
Very large amount of splitting; fibre bundles show
small and medium curves with fuzzy outline
do Wattle Fairly bold fibre bundles with compact and regular 1053
weave pattern, and medium angle of weave; medium
amount of splitting; fibre bundles show small and
medium curve
Modified E.I. tanning process — White-valem Tll-defined fibre bundles with slightly loose and irregu- 1054
Calgon pickle lar weave pattern, and angle of weave less than
medium. Large amount of splitting with a little
resticking; fibre bundles show medium curve with
slightly fuzzy outline
do Wattle Fairly bold and ill-defined fibre bundles with 1055
compact and fairly regular weave pattern, and
less than medinum angle of weave; large amount
of splitting; fibre bundles show small and medium
curve with slightly fuzzy outline
Traditional E.I. tanning process White-valem Fairly bold and ill-defined fibre bundles with fairly 1056
using blends +avaram compact and fairly regular weave pattern, and
medium angle of weave; large amount of splitting;
fibre bundles show large curve with slightly fuzzy
outline
do Wattle Fairly bold fibre bundles with fairly compact and 1057

fairly regular weave pattern, and high angle of

weave; medium amount of splitting; fibre bundles
show large and medium curve with slightly fuzzy
outline

(i1) successive leaching with water containing
3 per cent (on the weight of the bark)
sodium sulphite (six times); and (iii) succes-
sive leaching with water containing 3 per
cent (on the weight of the bark) sodium
hydrosulphite (six times ).

The leached liquors were concentrated
and evaporated under vacuum and the solid
extracts ( >50 per cent tannin) analysed.
The results are tabulated in Table 3.

The addition of sodium sulphite to the
extracting liquid increases the tannin content

of the leach liquors and more of the insolubles
go into solution. The addition of sodium
hydrosulphite, however, does not improve
the extraction of tannin from the bark.
The addition of sodium sulphite to the leach-
ing vats is beneficial and extracts of high
tannin content and good colour can be pre-
pared.

Practical tanning trials

Preliminary laboratory tanning trials
showed that white-valem bark gives a leather
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F1G. 2 — PHOTOMICROGRAPH OF LEATHER TANNED

ACCORDING TO TRADITIONAL E.I. TANNING PROCESS

WITH WHITE-VALEM ( X34) [Sample from butt
region; thickness of section, 40 p]

of good strength, colour and weight. To
confirm these results, trials were carried
out on a larger scale in the tannery. Parallel
experiments were conducted with wattle
bark for comparison. The trials were carried
out according to the traditional E.I. tanning
process. Wet-salted cow hides were soaked
in water, limed for a period of 6 days and
delimed in the usual way. The pelt was
then tanned by the traditional method by
placing it in between layers of tanning bark
and the material tanned according to the
two-pit system for 18 days. An amount
of bark equivalent to the expected yield of
the leather (on the basis of 16 per cent tan
on the weight of pelt ) was used for tanning.
The delimed pelt was cut into sides and the
“lefts ”’ were tanned with wattle bark and the
‘“ rights ” with white-valem bark. After tan-
ning, the leathers were finished as in the
traditional E.I. tannage of kips. The yields
of leather using white-valem and wattle
tannages were 40 and 42 per cent respec-
tively.

The chemical analyses of the leathers are
given in Table 4. Except for higher water
solubles content, white-valem tanned leathers
resemble closely those tanned with wattle
bark. The leathers also resemble each other
in their physical characteristics. They pos-
sess a good general appearance and colour,
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F1G. 3 — PHOTOMICROGRAPH OF LEATHER TANNED

ACCORDING TO TRADITIONAL E.I. TANNING PROCESS

WITH WATTLE ( X 34) [ Sample from butt region;
thickness of section, 40 ]

are strong, firm, tight and full, and do not
exhibit any crackiness on folding ( single
or double-fold). The white-valem tanned
leathers are lighter in colour but less firm
than those obtained by wattle tannage.

The microscopic characteristics of the
leathers® are also similar ( TABLE 5 and FiGs.
2-3).

Modified E.I. tanning method

The method worked out in this Institute®
to reduce the duration of tanning and the
amount of the tanning material used in the
traditional E.I. tanning process was em-
ployed in the tanning of E.I. kips using
white-valem bark. The modified method
consisted of pre-treatment of the delimed
pelt with Calgon and sulphuric acid or acetate
and sulphuric acid followed by thorough
washing and tanning with the vegetable tan
liquors.

The tanning was conducted according to
the traditional two-pit system using the bark
and placing the pelt in between the layers
of the bark. The only difference between
this experiment and the experiments carried
out earlier in the traditional process was the
pre-treatment of the pelt. Parallel experi-
ments were conducted as reported earlier
with both white-valem and wattle barks.
In the case of wattle tanning, it was observed
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that the tanning was complete on the eighth
day in the first pit itself, thereby reducing
the time of tanning from 18 days to 8 days
as compared to the traditional process. But
this period could further be reduced to 3
days if leached liquors were used in the place
of the bark', It was further noted that,

in tanning with white-valem bark, the pene-
tration of tannin was slow and the tanning
was complete only on the sixteenth day.
This showed that the leaching of tannin from
this bark was rather slow whereas in the
case of wattle, the tannin was leached out
much quicker.

The pre-treated pelt readily

F1G. 4 — PHOTOMICROGRAPH OF LEATHER TANNED
PROCESS

ACCORDING TO MODIFIED 1.1, TANNING
WITH WHITE-VALEM AFTER ACETATE PICKLE ( X 34 )
[Sample from butt region; thickness of section, 40 (]

I'1G. 5 — PHOTOMICROGRAPH OF LEATHER TANNED
ACCORDING TO MODIFIED E.I. TANNING PROCESS

WITH WATTLE AFTER ACETATE PICKLE ( X34)

[Sample from butt region; thickness of section,40 ]

Fic. 6 — PHOTOMICROGRAPH OF LEATHER TANNED
TANNING PROCESS
WITH WHITE-VALEM AFTER CALGON PICKLE ( X 34)
[Sample from butt region; thickness of section, 40 (1 ]

ACCORDING TO MODIFIED E.IL.

F1G. 7 — PHOTOMICROGRAPH OF LEATHER TANNED
ACCORDING TO MODIFIED E.I. TANNING PROCESS
WITH WATTLE AFTER CALGON PICKLE ( X34)
[Sample from butt region; thickness of section, 40 y]
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absorbs the tannin leached out from the
material and, therefore, the period of tan-
ning is reduced. But in the case of white-
valem bark, this pre-treatment is not effec-
tive unless leach liquors are used or neces-
sary arrangements made for proper and quick
leaching of the bark. The addition of sodium
sulphite or sodium bisulphite to the leach
pits or tanning pits hastens the leaching and
tanning processes. The leathers produced
according to the modified process were tested
for their chemical, physical and microscopic
characteristics. The yields of leather ob-
tained from Calgon and acetate pickled
pelts with white-valem and wattle tannages
were 38 and 40, and 40 and 42 per cent
respectively.

The chemical analyses of the leathers are
given in Table 4 and the microscopic charac-
teristics are described in Table 5. The photo-
micrographs are shown in Figs. 4-7.

The leathers obtained by white-valem
tannage compare favourably with those
tanned by wattle bark. The water solubles
content of white-valem tanned leather is
lower than that of wattle tanned leather but
the percentage of fixed tannins and the
degree of tannage are higher. The colour
of leather subjected to Calgon pickle and
tanned by white-valem bark was lighter than
that of leather obtained by acetate pickle;

both were lighter than wattle tanned leather.
The Calgon pickled leather exhibited slight
cracking ( double-fold ), otherwise it was
similar to acetate pickled leather and wattle
tanned leather.

Tanning trials with white-valem and avaram
blend — In the traditional E.I. tanning pro-
cess avaram bark is mixed with wattle bark
or mimosa extract and used for tanning
leather. Experiments were planned to find
out if a similar admixture of avaram and
white-valem would prove to be better than
using white-valem alone or wattle-avaram
mixture. Delimed pelt was tanned with a
blend of avaram and white-valem in the pro-
portion of 1:3 and an amount of the blend
equivalent to the expected yield of leather
(on the basis of 16 per cent tan on the
weight of pelt). Tanning was carried out as
in the traditional method in a two-pit system
for 18 days. The leathers were finished as
usual and tested for their chemical, physical
and microscopic characteristics. The results
of chemical and microscopic examination are
recorded in Tables 4 and 5 respectively.
Photomicrographs of the leathers are given
in Figs. 8-9. The yields of leather were 35-0
and 36-3 per cent for white-valem-avaram
blend and wattle bark tannages respectively.

The results show that leathers tanned with
white-valem-avaram blend are superior to

F1G. 8 — PHOTOMICROGRAPH OF LEATHER TANNED
ACCORDING TO TRADITIONAL E.I. TANNING PROCESS
WITH WHITE-VALEM-AVARAM BLEND ( X 34) [ Sample
from butt region; thickness of section, 40 p ]
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F1G. 9 — PHOTOMICROGRAPH OF LEATHER TANNED

ACCORDING TO TRADITIONAL E.I. TANNING PROCESS
WITH WATTLE ( X34) [ Sample from butt region;

thickness of section, 40 ]
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those obtained by wattle tannage. White-
valem-avaram tanned leathers are lighter in
colour and stronger than wattle tanned
leathers. They show no crackiness on fold-
ing (double-fold) whereas wattle tanned
leathers exhibited slight crackiness.

Conclusions

1. The chemical composition of white-
valem bark and tanning trials with it indicate
it to be a promising substitute for wattle
bark in E.I. tanning of skins.

2. As the T/NT ratio in the bark is high,
it is suitable for the preparation of concen-
trated extracts.

3. Addition of sodium sulphite (3 per
cent ) to leach water improves the efficiency
of leaching of white-valem bark. A concen-
trated extract containing 58 per cent tannin
can be obtained by evaporating the leach
liquor under vacuum.

4. Leathers tanned with white-valem bark
as in the traditional E.I. tanning process
possess good colour and strength. They
compare favourably with leathers produced
with wattle bark.

5. The amount of tanning material con-
sumed and the duration of tanning can be
reduced by subjecting the pelts to acetate
or Calgon pickle prior to tanning. The
tanning is complete in 16 days (8 days for
wattle bark ) when white-valem bark is used
as such. Addition of sodium sulphite to
leach water or use of leach liquors in place
of bark reduces the duration of tanning
further,

6. Leathers tanned with a mixture of
white-valem bark and avaram bark (3:1)
are superior to those obtained by wattle
tannage in respect of general appearance,
colour, feel and strength.
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Production of Fructose Syrup

from

Agave vera cruz Mill*

M. SRINIVASAN, I. S. BHATIA, M. V. LAKSHMINARA-
YAN RAO, M. N. SATYANARAYANA & N. SUBRAMANIAN

With a note by
B. H. KRISHNA & S. K. LAKSHMINARAYANA

Central Food Technological Research Institute, Mysore

The stem of Agave vera cruz, a rich source of
polyfructosans, has been utilized for the pre-
paration of an edible and wholesome fructose
syrup. Production on a semi-pilot plant scale
is described.

T was previously reported from these

laboratories that the stem of Agave

vera cruz is a rich source of polyfructo-
sans!-3, Of the total reducing sugars ob-
tained by hydrolysing the stem juice, fruc-
tose amounted sometimes to as high as
94-6 per cent. This discovery of the agave
stem as a cheap and rich source of poly-
fructosans deserves attention in future
schemes for the manufacture of fructose.
The basis for such a scheme is discussed in
this paper.

Fructose is produced, to a limited extent,
mainly from the tubers of Jerusalem arti-
choke®-11, Alternative natural sources which
have been considered are dahlial?, chi-
cory®13-16 and also sucrose!”. The stem of
Furcroea gigantea'® also contains fructosans
as the major carbohydrate, while Sanchez-
Morroquin and Hope?!® have recently reported
from Mexico that at least eight species of
agave examined are rich in fructosans, des-
cribed by them as inulin. Additional con-
siderations favouring the use of agave for the
production of fructose are: (i) its worldwide
distribution20?, (ii) easy propagation2' at
little cost®2, (iii) no exacting cultural condi-
tions?!, (iv) its hardiness®, and (v} freedom
from serious pests? and resistance to fires?2,
About 1,300 plants can be reared on an acre
of land20:2¢, Of the 114 plants examined by
us, all well developed, but of unknown age
(not one of them had poled), the average

stem weight was 60 lb., though some stems
weighed as much as 112 lb. Agave vera
cruz, which along with a few others among
the 275 species in this genus?, occurs in
India?26, matures ( poles) in about 6 years
under Indian conditions®, As the plant
ceases to put forth leaves after poling, the
stem after this stage becomes a waste mate-
ria. No systematic industrial use of the
stem has been recorded in the literature for
the agave stem, excepting a suggestion that
it could be used for making paper pulp? and
its use for the production of alcohol or of
fermented beverages!%26,

Production of fructose syrup

In main, the procedure involves the acid
hydrolysis of polyfructosans in the agave
stem to fructose. A typical experiment is
as described below.

In one instance, the tuber less the leaf
attachments and other rejections had a
weight of 56 Ib. The dressed material, cut
into small cubes, was transferred to glass
containers ( 4 1. flasks ) and steeped in acid
water ( hydrochloric acid; 0-5 per cent v/v ).
The containers were heated on a water bath.
When the solids content in the steep liquor
had become fairly constant (usually in
about 16 hr.), as determined by the refrac-
tometer, this solution containing the hydro-
lysed material was decanted off, a fresh
charge of acid put in and the material sub-
jected to further hydrolysis as before. After
the second treatment, the cubes had very
little sweetness left in them. The two com-
bined extracts were concentrated, without
neutralization, in porcelain basins on a water
bath. Concentration without neutralization
had the additional advantage of completing

*Covered by Indian Patent No. 48719; a second patent, Indian Patent No. 51575, has been filed.
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the hydrolysis of polyfructosans to fructose.
Thus, a syrup was obtained equivalent to
7-6 1b. of fructose, corresponding to an yield
of 13-6 per cent on the fresh weight ( 56 1b.)
of the tuber taken for hydrolysis.

Properties of the syrup: (i) General — The
syrup was golden yellow in colour, and, as
judged by a panel of judges, was sweet and
pleasantly tart to taste. It analysed as fol-
lows, per cent (w/v): fructose, 63-0; glucose,
6:6; N, 0-26; ash, 1-52 ( Ca, 0-41; Mg, 0-14;
Cl, 0-21 per cent). It gave a positive nin-
hydrin reaction and a negative test for
alkaloids.

(ii) Nutritive value — Thirty litter-mate
weanling rats were distributed into three
groups comparable with regard to litter,
sex and body weight. The three groups
were fed on diets of the composition des-
cribed in Table 1. All the diets contained
10 per cent cane sugar, 2 per cent salt mix-
ture and 1 per cent vitaminized starch which
furnished adequate amounts of all the B
vitamins. Adexolin, suitably diluted with
refined groundnut oil, was administered
daily to provide the requirements of vita-
mins A and D.

TABLE 1 — COMPOSITION OF THE DIETS

All diets contained 10% cane sugar, 2% salt mixture and
1% vitaminized starch )

DieT CoMPOSITION
- 7
Protein*  Fatt Carbohydrate
% % R R R
Starch Fructose}
% %
I Control 10 10 67 —
II (259 of starch 10 10 50-3 16:7
replaced by fruc-
tose from agave
syrup )
III (509, of starch 10 10 33-5 33:5

replaced by fruc-
tose from agave
syrup )

*Fat and vitamin-free cascin.
tRefined groundnut oil.

{Requisite amounts of 70 per cent fructose syrup were
added to the diets.

Daily food intake and weekly increase in
growth were recorded individually over an
experimental period of 8 weeks. The data
obtained were subjected to statistical ana-
lysis. The results are recorded in Table 2.

The gains in weight were found to vary
linearly with food intake and were, therefore,
adjusted to the mean food intake of 53-58 g.
by the method of co-variance. The adjusted
gains in weight are indicated in the last
column in Table 2. The difference in the
growth rates between animals receiving diet
I on the one hand and diet II or III on the
other is statistically significant, but rather
small (less than 10 per cent) and does not
appear to be important, particularly because
the gains in weight of the animals in the last
two groups are 1dentical in spite of the fact
that one diet (III) contains twice as much
syrup as the other (II). Thus, the growth
data show that the fructose in the syrup is
fully available for energy purposes in young
growing animals and, in accord with theore-
tical expectations, is comparable to corn
starch in calorific value.

(iii) I‘reedom from deleterious substances —
The animals on diet IIT were dissected at the
end of 16 weeks and their internal organs,
especially the gastro-intestinal tract, the
liver, the spleen and the kidney, were examin-
ed and found to be normal.

Also, tested at various dilutions with sheep
blood corpuscles, the syrup even at a dilution
of 1:1 did not show any haemolytic effect,
unlike the raw agave juice. These obser-
vations indicate that the syrup is free from
any deleterious constituents and is inno-
cuous when ingested even at high levels in
the diet.

Pilot plant scale trials

For putting through large-scale trials with
the equipment and facilities available, hydro-
lysis of the water-extract of the agave stem
was found to be an easier and a more efficient
method than subjecting the sliced stem as

TABLE 2 — GROWTH RATE OF EXPERIMENTAL ANIMALS

Ditr No. No. or Boby weicHt
ANIMALS —
Initial Final
g g.
I 10 416 117-0
11 10 41-5 108-4
11 10 41-8 1084

Foon INTAKE GROWTH RATE ADJUSTED
g./week/rat g./week/rat GROWTH RATE
G+ 9-50 P 9-10

2‘2?}% 41148 8.36 b £0-226 856

p2-2p (18 d.f) 3-30 (18 d.£) 8-56
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TABLE 3 — HYDROLYSIS OF THE JUICE
CONCENTRATE WITH H,SO,

( Temperature of hydrolysis, 85°; solids content of juice, 46-50% )

FINAL NORMALITY OF TiME HypRoLYSIS
H;SO, IN THE min, %
MIXTURE
0-21 30 50
do 60 65
do 90 84
do 120 85
0-36 30 96
do 60 100

such to hydrolysis. Preliminary experi-
ments had shown that by extracting the sliced
material thrice with water, most of the carbo-
hydrates was recovered in solution. The
combined extract thus obtained, containing
10-12 per cent solids, could be concentrated
about four-fold, without loss of carbe-
hydrates, in steam-jacketed open pans,
though the concentrate was somewhat dis-
coloured and had also become slightly sweet-
ish. The optimal acid (sulphuric) con-
centration, time and temperature required
for effecting complete hydrolysis of juice
concentrate, as determined, are given in
Table 3.

The conditions of hydrolysis finally adopt-
ed for large-scale trials were: to a concen-
trated extract containing about 40 per cent
solids enough sulphuric acid was added so
that the mixture had a final acidity of 0-36N.
The mixture was then heated to and main-
tained at 85°C. for 1 hr.

Out of 60 Ib. average gross weight per
stem, the material after dressing to make it
fit for processing was about 50 1b. Thus,
the net weight of raw material available for
fructose production works out, approxi-
mately, to 35 tons per acre of 1,300 plants.
Even at the lowest computation of 10 per
cent for the net yield of fructose on the fresh
weight of agave, at least 3-5 tons of fructose
(1in the form of syrup ) is the potential of an
acre of land under agave. This is a favour-
able figure, especially as the experimental
material is the stem, which is little prized
because hitherto it has not been put to much
other use.

Demand  for fructose — Because of its
sweetness (1-73 times sweeter than cane
sugar® ), and its high solubility, the use of
fructose, in place of sucrose, in jams, jellies,
marmalades and ice-cream should improve
their quality in that such preparations
would be free from the defects of granulation
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and sandiness, common to preparations with
sucrose®, Further, fructose syrup would be
an efficient source of carbohydrate for the
production of food yeast and of citric acid
by fermentation. The syrup is also the
starting material for the production of fruc-
tose powder and for further refinements for
special use as in intravenous alimentation3®,

A NOTE ON THE
SEMI-PILOT PLANT SCALE PRODUCTION
OF FRUCTOSE SYRUP FROM AGAVE STEM

B. H. KRISHNA & S. K. LAKSHMINARAYANA

Scope for manufacture — Fructose is not
manufactured in India and only to a limited
extent elsewhere. Until such time that
fructose industry is well established and can
stand on its own, it would be economically
more feasible to associate the production
of fructose from agave with a pharmaceu-
tical or a fine chemical concern, where equip-
ment of the type required for the production
of fructose syrup is normally available.
However, in the estimates given, provision
has been made for the simplest types of
equipment consistent with obtaining a good
grade product and with minimum capital
outlay for a prospective unit of production,
where all plant facilities except the usually
available services like steam, water and
power, have to be provided afresh. The
equipment suggested is only representa-
tive, for, the operations, being all compara-
tively simple, permit of a good deal of flexi-
bility in selecting the type of equipment
and of its choice being made from what
is often available in a good pharmaceutical
concern.

In India, the collection of agave plants
presents difficulties as the plants occur in
scattered areas. Until such time when agave
farms and fructose factories co-exist, it
would help to acquire the raw material in
the dried condition. Procurement of raw
material in this condition would effect a
great saving in freight charges and help
storage and handling on “as required ”
basis. However, our estimates are based
on the provision of weekly supplies of the
raw material in fresh condition to the manu-
factory from areas within a radius of about
10 miles.

Description of the process — Stems obtained
from the fields are dressed to remove the
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outer skin and certain other parts of the
plant. It is advisable to provide workmen
with hand-gloves during dressing and slicing
of agave. The sliced material is extracted
with hot water (batchwise countercurrent
extraction ) to extract all the soluble solids,
the extract concentrated and the matter
coagulating filtered off. The clear, filtered
concentrate is hydrolysed with sulphuric
acid. The acid is then neutralized with lime
and the filtrate is treated with decolourizing
carbon, refiltered, and concentrated at re-
duced pressure, to 80 per cent solids (w/w).
Concentration to about 45-50 per cent and a
second treatment with decolourizing carbon
before finally concentrating to 80 per cent
yields a finer grade product.

Economics of the process

Basts of production — 1 cwt. per day of
80 per cent syrup or 25 cwt. per month of
25 working days

(A) Equipment cost Rs. a. p.
(1) Wooden tubs, 3 @ Rs. 200 600 0 0
each
(2) Evaporating pan, 1 ( wood- 250 0 0
en) @ Rs. 250
(3) Filter press ( gun metal), 1 5,000 0 0
—12x12x1 in., 11 plates
(4) Wooden vat ( 50 gal.), 1 200 0 0
(5) Wooden vats, 50 gal. capa- 700 0 O
city with propeller agita-
tor, 1
(6) Evaporator or vacuum 12,000 0 0
still, 1 _
(B) Building and services 5750 0 O

TorAL '25,7)00 0
(C) Processing cost

(1) (a) Raw material — 150 cwt. of
dressed material equivalent
to 180 cwt. of raw mate-
rial=9 tons per month. This
on the average gross weight
of stem at 60 Ib. would be
336 stems at @ as. 8 per
stem

168 0 0

(b

-~

Transport charge at Re. 1 9 0 0
per ton-mile assuming a
radius of 10 miles for collec-
tion

(c) Acid, lime, decolouring car- 232 0 0

bon, filter aids, etc.

TorAL 500 0 O

(2) Labour Rs. a. p.
(a) Skilled, 1 @ Rs. 120 120 0 O
(b) Semi-skilled, 2 @ Rs. 60 120 0 0

each
(c) Unskilled, 2 @ Rs. 50 each 100 0 O

(3) Services

(a) Steam 250 cwt. @ Rs. 10 125 0 O
per ton
(b) Water ( filtered ) for process- 15 0 0

ing, 500 gal. per day @ Re. 1
per 1,000 gal.

(c) Water for condensers (as- 28 0 0
sumed available at cost of
pumping), 3,000 gal. per day
@ as. 6 per 1,000 gal.

(d) Electricity 4 kW. per day 50 0 0
of 8 hr. = 32 kWh. @ one
anna
(4) Maintenance 50 0 0

(5) Depreciation and interest @ 10
and 5 per cent respectively on

Rs. 25,000, Rs. 317? — Rs.312-8

or say 315 0 0
(6) Overheads @ 33} per cent 475 0 0
Yield, 2,800 lb. of syrup, valued at 1,900 0 0
Price (loose), approximately, per lb. 011 O
Price (packed in 28 1b. tins), per Ib. 012 0

Summary

1. The stem of Agave vera cruz (or other
species of agave), being a rich and a
fairly pure source of polyfructosans, is a
suitable raw material for the production of
fructose.

2. Further favourable factors for such pro-
duction are the cheapness of agave, its
easy cultural conditions and the availability
of stems in bulk either as such or arising
as a waste material from the agave fibre
industry.

3. The broad details of the process are
described.

4. Analysis of the syrup and results of
animal feeding experiments proving its
wholesomeness are given.

5. Salient features of semi-pilot plant
scale trials together with the approximate
cost of production of syrup are presented.
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TEMP, °K

Letters to the Editor

VIBRATIONAL TEMPERATURES IN G,
(SWAN ) SYSTEM IN RARE GASES &
RAMSAUER EFFECT

INVESTIGATIONS INTO THE EFFICIENCY OF THE
development of C, ( Swan ) bands in various
rare gases have been made by quantitative
intensity study of the system. The bands
were observed in a discharge tube fitted with
carbon electrodes and filled with rare gases
helium, neon, argon, krypton and xenon at
pressures ranging from a few mm. to about
30 mm.

Computation of temperature from the ob-
servations on the basis of Maxwell-Boltzmann
distribution of vibrational encrgy has yielded
values which are shown in Fig. 1.

Similar type of curves ( I'tc. 2) were ob-
tained in the case of these rare gases with the
weight (2!7") of any v! level of the system
as a function of pressure.  In helium develop-
ment of the system was rather sketchy and
partial and hence curves of the above type
could not be prepared for it.

The evident conclusions from these obser-
vations are: (i) The temperatures derived are
in the order of the atomic number of rare
gases at any one pressure; (i) the magnitude
of temperature change with pressure is also
in the same order within the observed ranges
of pressures; and (iii) there is certain pressure
( Puax ) at which the overall intensity of the
system is maximum and this pressure
( Pmax ) varies from gas to gas in a syste-
matic manner.

The explanation of the above observations
can be sought on the basis of electronic
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excitation of dicubon (C,) gas formed in
traces by some mechanism in the discharge
column. The cause of the relatively in-
creased populations of the upper levels, in-
dicated by the higher temperatures and the
sensitiveness of these populations to small
changes in pressure indicated by relatively
increasing magnitude of temperature changes
with increasing atomic number of gases, is to
be traced to the dependence on the electron
energy of the probability of collision between
electrons and rare gas atoms. Within a
small range of 2 to 3 V., between which the
excitation energy ( 2-4 V.) for different levels
of C, (Swan ) bands lies, the collision pro-
bability-electron energy curves show a preci-
pitous but graded rise, such that there is a
large change in probability with small varia-
tion in clectron energy ( Ramsauer effect ).
The slope increases in the order of the gases
Ne, Ar, Kr, and Xe ( Loes ). In neon, the
curve is almost flat. This means that the
buffer action of the rare gas atoms will be rela-
tively greater for faster electrons in the range
of 2 to 3 V. It will increase relatively the
probability of C, getting excited in the upper
levels as compared to the lower ones and
hence the existence of increasing temperature
values as one goes from Ne to gases higher up
in the periodic table. Ifor the same reason,
we should expect increasing magnitude of
temperature changes for a given pressure
change as onc goes from neon to xenon.
The excitation of C, is supposed to be
caused by slow clectrons resulting from the
buffer action of rare gas atoms. This buffer
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Fi1G. 1 — EFFECTIVE VIBRATIONAL TEMPERATURE AS FUNCTION OF PRESSURE OF RARE GASES
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action is affected mainly by pressure and to
some extent by the value of mean electron
energy. It will be controlled, therefore, by
the effective cross-section of the atom with
slow electrons depending upon Ramsauer
free paths. These are different for different
rare gases according to their position in the
periodic table and hence the systematic
change in Py value at which the bands
develop with high efficiency. On this basis
the Swan bands come out best in xenon,
i.e. with a small trace of the gas in the dis-
charge tube having carbon as impurity as
found in these experiments and a pressure of
the order of even 2 mm. So far the develop-
ment of these bands in rare gases was being
carried out using mainly argon gas at high
pressure. The nebulous development of
bands of helium even with relatively high
pressures of the order of 10 mm. and above
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follows as a natural consequence of the con-
siderations advanced above.

The details of the investigation are being
reported elsewhere.

The authors’ thanks are due to the Direc-
tor, Council of Scientific & Industrial Re-
search, for permission to publish the results of
this investigation which form a part of the
programme of work undertaken in the
scheme ‘“ Mechanism of Explosions " financed
by the Council.

N. R. TaAwpE
V. RAJESWARI
Department of Physics
Karnatak University
Dharwar
21 Oct. 1954

1. EOEB, ;‘;ndamental Processes of Llectrical Dis-
' charge in Gases ( Wiley, New York ), 1939,
649.
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VARIATION OF THE ANGLE OF
ARRIVAL OF THE DOWN-COMING RADIO
WAVES FROM THE IONOSPHERE WITH

THE APPEARANCE OF SCATTERED
SIGNALS

WHEN THE ELECTRONIC DENSITY IN THE
ionosphere gradually decreases, the ordinary
ray disappears and the reception of the
signal is accomplished by the extraordinary
ray alone. If the electronic density further
decreases, the extraordinary ray also vanishes
and communication is generally found to
fail. But under suitable conditions of the
ionosphere! reception may be maintained
duec to the scattered signals, presumably
from the ground, which arc usually very
weak and the intensity of which varies
rapidly in a random manner. The scattering
centres on such occasions observed in the
evening hours, when the electronic density
in the ionosphere increases from east to
west, necessarily lie on the side of the
transmitter away from the receiver®® when
it is situated to the cast of the transmitter.
The angle of arrival of the down-coming
waves will in such cases be less than the
normal angle which is observed during re-
ception due to the extraordinary ray alone.
If the electronic density, however, happens
to decrease still further, the sources of
scattering will move away from the trans-
mitter and the angle of arrival of the wave
will be found to diminish accordingly. It
may be mentioned that in the forenoon
hours, the scattering centres will lie on the
other side of the receiver away from the
transmitter and there should be a horizontal
gradient of ionization in the ionosphere for
the occurrence of such scattered signals.
Typical observations on the variation of
angle of arrival of the down-coming radio
waves from the F, region of the ionosphere
as observed in the afternoon hours, before
and after the appearance of scattered signals,
are recorded in the present communication.

The angle of arrival of the down-coming
radio waves for transmissions on 31 metre
band from the All India Radio, Delhi, at a
distance of about 680 km. from Banaras, was
determined from the phase difference in the
e.m.f.s induced by these waves into two
horizontal dipole aerials according to the
method used originally by Friist and later
modified by Wilkins®. In the present ar-
rangement, however, the dipoles were verti-
cally spaced instead of horizontally as used

by the above investigators. The separation
between the aerials was kept below half a
wavelength for the highest frequency used
for reception, so that the effect of the ground
wave was almost similar in the two aerials
and the aerial system was reasonably in a
homogeneous field. The phase difference
between the two e.m.f.s in the present
system will then be given by the relation

2nd .
¢—T sin 0

where ¢ is the phase angle, d the separation
between the dipoles, A the wavelength used,
and 0 the angle of arrival of the down-coming
waves measured with respect to the ground.

Two matched feeder lines from the dipoles
were connected to two identical superhetero-
dyne receivers fed by a common oscillator.
The outputs of the receivers were connected
to the two opposite pairs of the deflecting
plates of a cathode-ray oscillograph. The
small difference in the intensity of the
received signal in the two receivers due to
the vertical separation between the two
horizontal dipoles was compensated by the
amplifier gain in the cathode-ray oscillo-
graph unit. After careful adjustment of
the two receivers the phase angle was cal-
culated from the ratio between the minor and
major axes of the ellipses obtained on the
oscillographic screen8. Before the disappear-
ance of the ordinary ray there is a rapid
and anomalous variation in the angle of
arrival of the down-coming waves due to
magneto-ionic interference as observed on
previous occasions’, then the pattern becomes
suddenly steady when the ordinary ray
disappears and the communication is main-
tained by the extraordinary ray only. After
some time, however, when the extraordinary
ray also disappears, the signal continues
with less intensity and the ellipse becomes
narrower showing that the angle of arrival
is reduced. As the electronic density de-
creases with time the ellipse is almost reduced
to a straight line and the intensity of the
scattered signal becomes very feeble.

Fig. 1 shows the type of variation of the
elliptic patterns which are obtained just
before and after the appearance of the
scattered signal. Fig. 1a shows the normal
pattern which is obtained when the recep-
tion is due to the extraordinary ray alone,
the presence of which is verified by simul-
taneous record made with the fading recorder
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(<)

@) (b)

Fig. 1 —TYPE OF VARIATION OF THE ELLIPTIC

PATTERNS OBTAINED BEFORE AND AFTER THE APPEAR-

ANCE OF THE SCATTERED SIGNAL [ Reception due to:

(a) extraordinary ray alonc; angle of arrival 42°;

(b) scattered signals from short distance; angle of

arrival 36°; and (c) scattered signals {rom long
distance; angle of arrival 16° ]

developed in this laboratory8.  The angle of
arrival obtained during this period is almost
constant and is found to lie around 42° at
20.00 hr. I.S.T. on 15 June 1954, which
corresponds to single reflection between Delhi
and Banaras for the observed heights of the
T, layer at these two places. This is fol-
lowed by the weak scattered signals, the
intensity of which shows quick and random
variations and the angle of arrival is found
to decrease to 36° at 20.15 hr. [.S.T., cor-
responding to the ellipse shown in Fig. 1b.
Later on, as the scattering centres move
away from the transmitter due to the lower-
ing of the clectronic density, the minor axis
of the ellipse is considerably reduced as
shown in Fig. 1c, which corresponds to the
down-coming angle of 16° as observed at
20.30 hr. LS. T. The calculated distances
of the scattering centres for the angles
measured in the above two cases, shown in
Figs. 1b and 1c, are found to be 850 and
2,180 km. respectively from the recciver,
and the scattering centres should lie to the
west,

Similar observations in the early morning
hours, when the gradient of ionization is in
the east to west direction, show that the
scattering centres lie at fairly long distances
from the receiver on the eastern side, but the
intensity of the scattered signals is generally
higher than that in the evening hours. The
above results indicate that in the evening
when the gradient of ionization is in the
west to east direction the scattering centres
for signals from the Delhi station will be
always on the west of Banaras and may lie
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somewhere near the Hindukush mountains.
In the morning, however, the direction of
the ionization gradient is reversed, and so
the scattering centres will lie on the castern
side of Banaras and may be cxtended to the
Bay of Bengal. The greater intensity of
the scattered signals in the morning hours
may thus be duc to the higher reflecting
coefficient of sca water?,

Our thanks are due to the Council of
Scientific & Industrial Rescarch, India, for
a grant to carry out the above investigation,
and to Principal M. Sen Gupta for his helpful
interest in the work.

S. S. BANERJEE
D. K. BANERJEE

Engineering College
Banaras Hindu University
Banaras

21 Oct. 1954
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DIFFERENTIAL THERMAL ANALYSIS OF
CATALYST POWDERS: PART V —
FERRIC OXIDE GEL

WEISER AND MILLIGAN! HAVE CONCLUDED
FroM X-ray diffraction studies of hydrous
ferric oxides that while the {reshly precipitated
gels arc amorphous in structure, on aging the
structure of the gels changes and they exhibit
feeble lines in the pattern after aging them
for five months. In every case, it has been
reported that the amorphous form changes
directly to «-1%¢,0, on aging. Kulp and
Trites? from their studies of ferric oxide gels
have also arrived at the conclusion that the
direct neutralization of ferric ion soluticns
results in hydrous ferric oxide which, on
aging, transforms to haematite rather than
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to goethite ( a-Fe,0,, H,0) or lepidocrocite
(v-Fey,05, HyO). Gheith® has, however,
reported the possibility of the presence of
goethite in aged gels. The reports, thus,
seem to be rather conflicting.

Ferric oxide, dehydrated at a temperature
of ¢. 350°C., has been reported to be an active
catalyst for the dehydration of alcohol.
Since the activity of the catalyst depends on
the temperature of activation and the method
of its preparation, there might be some re-
lationship between the activity of the cata-
lyst and its structure. In order to throw
more light on the structural changes which
develop during heating and/or aging, dif-
ferential thermal analysis (D.T.A.) of the
hydrous ferric oxide, freshly precipitated and
on aging for different periods was studied.

The experimental technique was similar
to that reported earlier®. The rate of heating
of the sample was kept at ( 10° 4- 1°C./min.).
The deflection in the galvanometer, which is
a measure of the differential temperature,
is plotted such that the endothermal peaks
are shown downwards, and the exothermic
peaks upwards with respect to the base line
representing the temperature of the sample
block.

Ferric oxide gel was prepared by adding
ammonium hydroxide or sodium hydroxide
(M/2) to a solution of ferric nitrate (0-5M
with respect to I'e,04) and the resulting gel
washed once with water to avoid aging. The
remaining gel was washed well and aged
under water for 7, 17 and 90 days respec-
tively, air dried, ground to 100 mesh size,
well packed in the sample and subjected to
analysis.

The results are graphically represented in
Figs. 1 and 2. The ferric oxide gel prepared
by ammonium hydroxide as the precipitant
and washed once with water exhibits an
endothermal peak of large magnitude at
180°C. (range 100°-212°C.) which may be
due to the removal of adsorbed water from
the gel. The exothermal change at 380°C.
( range 276°-438°C.) is due to the amorphous
gel transforming to haematite («-Fe,O3). As
the aging of the gel is increased the exother-
mal peak due to the formation of haematite
decreases. The gel aged for 90 days fails to
show the exothermal effect but an additional
endothermic peak appears at a temperature
of 260°C. ( range 222°-285°C.). This may be
due to the dehydration of goethite which is
formed as a result of aging.

FRESH GEL

AGED 7 DAYS

AGED 17 DAYS

AGED 90 DAYS

Il 1 1 1 1 1 1 1 1
[} 2 4 6 8 10 12 14 16 18 20
MV,

FiGg. 1 — DIFFERENTIAL THERMAL ANALYSIS OF
AGED TERRIC OXIDE GELS PRECIPITATED FROM
AMMONIUM HYDROXIDE

Tig. 2, curve 1, represents the thermal
behaviour of the gel precipitated from
sodium hydroxide and washed once with
water. It exhibits an endothermic peak at
186°C. ( range 92°-305°C.) due to the loss of
adsorbed water and an exothermic peak at
443°C. (range 368°-486°C.) due to the for-
mation of «-Fe,0,. As the aging increased
the endothermal peak due to the dehydration
of goethite appears and the exothermal peak
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due to the formation of haematite disappears.
In both cases ( FiGs. 1 and 2) the dehydration
peak of goethite occurs below 280°C. Welo
and Bandisch® have observed that the water
of crystallization of well-crystallized goethite
is lost below 270°C.

The above results also indicate that the
aged gel, precipitated from sodium hydroxide,
transforms to the crystalline form more

AGED 7 DAYS FRESH GEL

12 DAYS

AGED

AGED 90 DAYS

1 1 1 1
Q 5 10 15 20 25
. MV,

F1G. 2 — DIFFERENTIAL THERMAL ANALYSIS OF
AGED FERRIC OXIDE GELS PRECIPITATED FROM
SODIUM HYDROXIDE
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rapidly than that precipitated from ammo-
nium hydroxide.

The D.T.A. of a pure unaged sample of
hydrous ferric oxide prepared from ferric
nitrate and ammonium hydroxide and washed
free of nitrate by centrifuging was also
studied. It exhibits an endothermal change
at a lower temperature and an exothermal
effect at 360°C. ( range 310°-400°C.) due to
the formation of a-Fe,0;. Sabatier® has
found that for dehydration of alcohols, the
ferric oxide catalyst dehydrated below 350°C.
has much higher activity than that dehy-
drated at higher temperatures. In light of
above discussion it may be concluded that
the hydrous ferric oxide in an amorphous
state is the real catalyst for the reaction and
it loses its activity with the formation of
a-Ie,0;.

V. S. RAMACHANDRAN
S. K. BHATTACHARYYA

Indian Institute of Technology
Kharagpur
15 Oct. 1954
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A NEW SYNTHESIS OF TELOSCHISTIN

THE CONSTITUTION OF TELOSCHISTIN, OB-
tained from the Indian lichen Teloschistes
flavicans, was proposed as 2-hydroxymethyl-
4: 5-dihydroxy-7-methoxy anthraquinone!,
and this was confirmed by (i) its conversion
via emodin into physcion and (ii) the partial
methylation of w-hydroxy emodin to telos-
chistin23., A third transformation which
will be similarly useful and which will also
emphasize the natural relationship between
physcion and teloschistin occurring together
in the same lichen would be the conversion
of the former into the latter. This has now
been done using the reactivity of the —CHj
group which is comparable with that present
in 2-methyl chromones, isoflavones and
4-methyl coumarins whose conversion into
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the corresponding hydroxymethyl deriva-
tives has been effected in these laboratoriest-’
by means of N-bromosuccinimide.

Physcion diacetate (m.p. 186°-87°) is
converted into the »-bromo derivative using
N-bromosuccinimide and benzoyl peroxide
in carbon tetrachloride solution. Treat-
ment of the bromo compound with silver
acetate and acetic anhydride gives in good
yield the known triacetate (m.p. 192°-93°)
which could be hydrolysed to teloschistin
(m.p. 245°-47°) identical with a natural
sample.

S. NEELAKANTAN
T. R. SESHADRI

Department of Chemistry
University of Delhi
Delhz

11 Nov. 1954
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PREPARATION OF 17,18-OCTADECENOIC
ACID

17, 18-OCTADECENOIC ACID HAS BEEN SYN-
thesized by Kapp and Knoll! from 10,11-unde-
cenoic acid through a number of stages but
the yield of the final compound is low. It is
a higher homologue of 10, 11-undecenoic acid
and may be useful in the manufacture of
plastics. Its oxidation product (1, 15-penta-
decane dicarboxylic acid) is the starting
material for the synthesis of dihydrocivetone.
An easy method giving a higher yield of 17,
18-octadecenoic acid has been developed
from «-hydroxy stearic acid® which is ob-
tained from kamala seed oil.

o-Hydroxy stearic acid ( 10 g.) and thionyl
chloride ( 20 cc.) were refluxed for 3 hr. on
the water bath. Excess of thionyl chloride
was distilled off and the residue was poured
over crushed ice, The solid product was

separated, washed with water and crystallized
( white needles ) from petroleum ether; m.p.
74°-74-5°C.; yield 6-5 g. (found: Cl, 11-3;
C,sH350,Cl requires: CI, 11-1 per cent ).

The corresponding bromo derivative has
been prepared by the action of phosphorus
pentabromine on w-hydroxy stearic acid in
benzene solution which on crystallization
from petroleum ether (b.p. 40°-60°C.) melt-
ed at 76-5°-77-0°C.

o-Chloro octadecenoic acid (5 g.) was
heated on a steam bath with 50 cc. of 20
per cent alcoholic potash solution for 2 hr.
Excess of alcohol was distilled off and the
free acid was liberated from the residue by
the addition of dilute hydrochloric acid in
the cold. The solid acid was extracted with
ether and crystallized from dilute methyl
alcohol when 17, 18-octadecenoic acid was
obtained as a white crystalline mass; m.p.
55-0°-55-5°C.; yield 3-5 g. (found: C,
76:54; H, 12.00; C;H;0, requires: C,
76:53; H, 12-05 per cent ).

This product on hydrogenation in alcoholic
solution with platinum catalyst gave stearic
acid (m.p. 68°-69°C.).

The oxidation of the acid with potassium
permanganate in acetone solution gave 1, 15-
pentadecane dicarboxylic acid, which on
crystallization from ethylene dichloride melt-
ed at 117°-17-5°C.

S. C. Gurra
National Chemical Laboratory of India

Poona
16 Aug. 1954
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PHYTOCHEMICAL STUDY OF THE
GLYCOSIDE FROM
SAPINDUS TRIFOLIATUS LINN.

WORK ON THE NON-CARBOHYDRATE PART OF
the saponins from various species of Sapin-
daceae plants has been reported by various
workers! and in all cases the aglycone was
found to be identical with hederagenin.
But work on the sugar part of these saponins
is limited. Recently Mateu Amengual? re-
ported the presence of arabinose, rhamnose,
glucose and lactose by paper chromatography
after mild acid hydrolysis of the saponins
from Sapindus saponaria.
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Two species of soapnut tree, namely
Sapindus mukorosst Gaertn. and Sapindus
trifoliatus Linn., are indigenous to India. No
systematic investigation appears to have
been made on the qualitative characterization
of the sugars obtained by the hydrolysis of
the saponins from the above species of
soapnut. The saponins isolated by different
workers have also not been properly charac-
terized. The present communication deals
with the isolation of the glycoside in a pure
form from Sapindus trifoliatus by a simple
process and characterization of the sugar
constituents by paper-partition chromato-
graphy according to Partridge?. This work
was undertaken as a part of a systematic
study of the composition of the saponin
glycosides present in common saponin-bear-
ing plants in India*®.

The saponin was isolated from the pcrl—
carp of Sapindus trifoliatus (identified and
obtained through the kind courtesy of Dr.
K. Biswas, Director, Botanical Gardens,
Calcutta ) by 50 per cent alcohol and purified
by removing pectin and inorganic materials
by repeated precipitation with alcohol accord-
ing to the procedure followed earlier’.
Tinally, the glycoside was obtained as a
white hygroscopic powder by treating the
alcoholic solution with excess of ether. The
aqueous solution of the saponin exhibits
intense foaming properties. The saponin is
easily soluble in water and methyl alcohol,
fairly in ethyl alcohol, insoluble in acetone,
chloroform and cther. It has an ash con-
tent of 0-27 per cent, pH (¢ mquoous solution;
C,2-9) 45; [a], =—224° (C, 2:9, water);
[found: C, 47. 8;H,77;(C, HMO{,),I requires:
C, 47-2; H, 7-8 per cent].

Paper chromatography of the saponin
hydrolysate showed the presence of glucose,
xylose, arabinose and rhamnose. The sugars
were present in almost in equal proportions
( by visual comparison of the intensity of
colour in the chromatogram ). Tt is inter-
esting to note that the same sugarst were
found to be present in the case of Bassia
latifolia saponin hydrolysate, the propor-
tions of sugars being different.

The qualitative characterization of the
sugars was performed on Whatman No. 1
filter paper by the descending method?,
through the parallel spotting of the known
pure sugars and not through the absolute
Ri values. The systems (a) n-butanol-
acetic acid-water (4:1:5) for 48 hr. and
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(b) phenol-water for 24 hr. were made use of.
Sugars were detected on the chromatograms
with aniline oxalate and benzidine.

The presence of trace of free sugar as
glucose in the saponin itself was indicated
in the paper chromatogram. The absence
of galacturonic acid® in the chromatogram
showed the saponin to be free from pectin.

Trurther work is in progress and the details
will be published later. My grateful thanks
are due to Dr. S. C. Bhattacharyya and
Prof. R. C. Shah for their kind interest in
the work.

N. L. Durra

National Chemical Laboratory of India
Poona

6 Sept. 1954
1 Jacoss, ]. biol. Chem., 63 (1925), 621; 64
(1926 ), 379; Biswas, H. G., J. Indian chem.
Soc., 25 (1948), 151; Gepron, J., J. sci.

ndusty. Res., 13B (1954 ), 427.

2. Marku AMENGUAL, M., Chem. Abstr., 46 (1952),
3613.

3. PARTRIDGE, Biochem. [., 42 (1948) 238.

4. Dutra, N. L., Curr. Sci., 23 (1954 ), 222.

5. Durra, N. L., Pharm. Acta Helv., 29 (1954),
260.

6. ScunNkiDER & Bocu, Ber. disch. chem. Ges., 70B
(1937), 1617.

COLOURING MATTER OF PONDEROSA
PINE BARK

KURrRTH AND HUBBARD! REPORTED THE ISO-
lation of a pentahydroxy flavone from
Ponderosa pine bark and proposed for it
the structure of 3:5:8: 3": 4-pentahydroxy
flavone. The flavone of this constitution
was independently synthesized by Ahluwalia
and Seshadri? and Ramanathan and Venka-
taraman?® by two independent methods, and
they came to the same conclusion that the
naturally occurring flavone did not have
the structure assigned to it. The subject
has, thercfore, been re-examined.

The flavonoid material obtained by ex-
tracting the pine bark with ether, and
further recrystallization with alcohol and
having the properties described by Kurth
and Hubbard! was subjected to complete
methylation using dimethyl sulphate and
potassium carbonate in anhydrous acetone
solution, and refluxing till the product gave
no ferric chloride colour (30 hr.). The total
product was directly subjected to fission
with alcoholic potash. The ketonic fission
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product was obtained in good yield, was
readily purified from ether-petroleum ether
mixture and appeared to be a single entity;
the m.p. and mixed m.p. were 102°-3° show-
ing that it was w-4: 6-trimethoxy-2-hydroxy
acetophenone; whereas the acid product
was a mixture giving two rings ( Rf;, 0-40;
Rf,, 0-50) in circular paper chromatography
using butanol saturated with ammonia. The
mixture of acids could be separated by
fractional crystallization, using initially ether
and petroleum ether and subsequently water;
the major component was identified as
veratric acid by m.p. and mixed m.p.
180°-81° and Rf, 0-40; the second com-
ponent (minor) was trimethyl gallic acid,
m.p. and mixed m.p. 165°-66° and circular
Rf, 0-50. This method seems to be quite
useful for the study of mixtures and in
the present case indicated that a mixture
of quercetin and myricetin was involved.
This was confirmed by the following study.

The crystallized sample of the bark
flavonoid yielded two prominent yellow
rings ( Rf,, 0-42; Rf,, 0-60) in paper chro-
matography. These corresponded to myri-
cetin and quercetin. The colour reactions
of the sample also agreed with the behaviour
of a mixture of these two substances. Parti-
cular mention should be made of the action
by sodium carbonate solution in which the
display of colours is characteristic. By
fractional crystallizations using alcohol or
ethyl acetate, quercetin could be isolated as
the major component and characterized by
melting point, aceti..e, Rf value and colour
reactions. Myricetin could not be obtained
pure by this process. However, after ace-
tylation, the acetate mixture can be more
successfully separated by fractional crystalli-
zation from ethyl acetate and petroleum
ether mixture, yielding quercetin acetate as
the major fraction and myricetin acetate as
the minor fraction.

The air-dried bark was also examined in
detail. It was subjected to extraction suc-
cessively with cold petroleum ether and
ether and with hot alcohol. The petroleum
ether extract contained only fatty and waxy
matter and gave no test for anthoxanthins.
The ether extract gave three rings in circular
paper chromatography; two of these ap-
peared before spraying (Rf;, 0-42: Rf,,
0-60 ) corresponding to myricetin and quer-
cetin and the third one appeared faintly
after spraying with aqueous ammonia, Rf;,
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0-70. It may be mentioned here that the
first ring turned red after spraying, again
confirming its identification as due to myri-
cetin. The third ring could be attributed
to the presence of dihydroquercetin and
this was confirmed by comparison with the
ring produced by an authentic sample. In
order to concentrate and isolate dihydro-
quercetin, the crude ether-extracted product
was crystallized from ethyl acetate-petroleum
ether mixture; the dihydroquercetin was
thus concentrated in the mother liquor.
The residue obtained from it was dissolved
in alcohol and poured into hot water with
shaking. The semi-solid mass which sepa-
rated out was filtered off and was tested
by chromatography (Rf,, 0-42; Rf,, 0-60)
which indicated the presence of muyricetin
and quercetin in this fraction. The aqueous
solution was repeatedly extracted with ether,
the extract evaporated and the residue
tested by chromatography when three rings
(Rf;, 042; Rf,, 0-60; Rf;, 0-70) corres-
ponding to myricetin, quercetin and di-
hydroquercetin  ( prominent) respectively
were obtained. An alcoholic solution of
the above residue when reduced with zinc
and hydrochloric acid gave a purple red
colour, characteristic of 3-hydroxy flavanones.
Hence, the presence of a small amount of
dihydroquercetin in the ether extract of the
bark was established.

The final alcoholic extract of the bark
was concentrated under reduced pressure
to a small bulk. The concentrate was
refluxed with aqueous sulphuric acid (7
per cent) for 3 hr. and the mixture
extracted with ether. After the ether ex-
tract was evaporated, the residue dissolved
in a small volume of alcohol. The alcoholic
solution was poured into excess of boiling
water with vigorous stirring. The dark
brown semi-solid that separated out was
filtered off. By paper chromatography it
was found to contain myricetin, quercetin
and dihydroquercetin. The aqueous solution
was then extracted repeatedly with ether
and the ether extract evaporated. The resi-
due crystallized from ether-petroleum ether
mixture yielding very pale yellow needles
melting at 240°-42° (d). The mixed melting
point with an authentic sample of dihydro-
quercetin was undepressed. The colour re-
actions and Rf value also agreed. Thus,
it was clear that the major portion of di-
hydroquercetin was contained in the alcohol
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soluble fraction. It was probably present
as a glycoside. _
Ponderosa pine bark, therefore, contains
quercetin and myricetin along with dihydro-
quercetin. The crystalline flavonoid ob-
tained from the ether extract by crystal-
lization proved to be a mixture of quercetin
and myricetin.
- S. R. Gurta
E. F. KurtH
T. R. SESHADRI

Department of Chemistry
University of Delhi

Delhi

and

Oregon Forest Products Laboratory
Cornwallis

11 Nov. 1954

1. KurtH & HUBBARD, Industr. Engng. Chem., 43
(1951), 896.

2. AHLUWALIA & SESHADRI, Proc. Indian Acad.
Sci., 39A (1954), 296.

3. RAMANATHAN & VENKATARAMAN, Proc. Indian
Acad. Sci., 39A (1954), 90.

OESTROGENIC ACTIVITY OF
BIOCHANIN-A*

BRADBURY AND WHITE! ISOLATED TWO ISO-
flavones, genistein and formononetin, from
subterranean clover ( Trifolium subterraneum
L.). The plant, which is oestrogenically
active, is extensively cultivated in Western
Australia for sheep pasturage and is con-
sidered to be responsible for certain repro-
ductive disorders in ewes fed on it. Genistein
which is present to the extent of 0-0006 per
cent in the plant is regarded as the principal
oestrogenic substance.

Biochanin-A, which is 4’-methyl ether of
genistein? occurs along with formononetin3
in the fresh germ of chana ( Cicer arietinum
L.) to the extent of 0-005-0-01 per cent
depending on the variety of chana. In view
of the importance of chana as a major
foodgrain in India, work on the biological

*After this note was communicated for publica-
tion, we came across a note entitled ‘‘ Oestrogenic
isoflavones in red clover and subterranean clover "
by Pepe and Wright [ Chem. & Ind., (1954),
1019 ] in which the activity of biochanin-A ( from
red clover ) has been reported to be ¢. 0:63 of the
activity of genistein, which has approximately 10-5
of the activity of oestradiol-178. The presence of
biochanin-A in subterranean clover has also been
established.
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evaluation of oestrogenic activity of bio-
chanin-A and some of its derivatives and
reduction products was undertaken in this
laboratory.

Recently, Pope et al4 have found the
British pasture plant, red clover ( Trifolium
pratense 1..), to be also oestrogenic. The
substance responsible for the activity has
been isolated and found to be identical with
biochanin-A. lts activity as determined by
the mouse-uterine weight method has been
reported to be about equal to that of genis-
tein ( 10-3 of oestrone). No details of the
results, however, are yet available.

The present note records the results of
biological evaluation of oestrogenic activity
of biochanin-A (from fresh chana germ)
by the vaginal cornification method ( Allen-
Doisy procedure ) using spayed albino rats?.
Adult female rats showing normal oestrus
were ovariectomized and tested for two
weeks for anoestrus and then primed with
injections of 2 pg. of aqueous oestrone.
Smears were taken by introducing a little
normal saline by means of a pipette, sucking
back and forth a few times, and then were
stained with 1 per cent solution of methylene
blue. Predominance of cornified epithelial
cells in the smears was regarded as positive
indication of oestrus. Rats showing positive
smears were divided into groups of ten.
After a preliminary estimate of the dosage
of biochanin-A to be employed in the assay,
one group of rats was given subcutaneous
injections of a dose of biochanin-A in maize
oil in two equal portions at an interval of
6 hr., a control group being given a corres-
ponding dose of oestrone in maize oil
Smears were examined 48, 52, 56 and 72 hr.
after the first injection and positive responses
recorded. The other doses were adminis-
tered at intervals of one week each, the
control group getting the corresponding
doses of oestrone. Solutions of biochanin-A
and the standard contained 5 per cent
alcohol in all cases.

Table 1 gives the results of the assay of
biochanin-A carried out in 3 dosage levels
and statistically analysed by the Probit
method®. The minimum effective dose of
biochanin-A for a 50 per cent response in
rats is about 4:2 mg. which is approximately
238 rat-units/g.

The total alcohol-soluble crystalline pro-
duct from the fresh chana germ consisting
mainly of biochanin-A and formononetin
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TABLE 1-— STATISTICAL ANALYSIS OF THE
RESULTS OF ASSAY OF BIOCHANIN-A FOR ITS
OESTROGENIC ACTIVITY

LoG pOSE RESPONSE
(x) %o (y)

Dosk Prosit Wr. (W)=nx
i WEIGHTING
COLFFICIENT OF
PROBIT, WHERE
1S NUMBER OF
ANIMALS IN EACH
GROUP

Qestrone ( mz.x10")

3 0-477 20 4-16 4-901
6 0-778 60 525 6:217
12 1-079 90 628 3-428
Biochanin-A ( mg.)
3 0-477 30 448 5764
6 0-778 70 H052 5764
10 1-000 00 628 3428
OESTRONE BIOCHANIN-A
Sw 14-546 14956
Twx 10-874 10-661
X=Zwx/Ew 07476 0-7127
Zwy 74560 79-160
y=Swy/Ew 5-126 5-201
Zwxs §-870 8-228
Zwxy 68370 58500
{ wx? j=Zwx?— xDwx 0-738 0-630
{ wxy? ] =Zwxy—yswx 2610 2180

Combining oestrone and biochanin-A
Bwx?] =1:368
Bwxy] = 4:790
Xl wxy]

Tl wxt]

be =

= 3497

R =, s = =
L "oestronc '\bioch:min-A be ( }oeslronc) hiochanin-A)
= 0-8021
Potency == antilog (2 + M) = 1208
Standard error of potency:=%2'3026x gy X potency == :|-29-5
.~ the potency of biochanin-A is equal to (1:21 - 0-3) X 104
of oestrone.

was also examined and its activity found to
be proportional to its biochanin-A content.
Further work is in progress.
The authors are thankful to Prof. G. 1.
Finch, Dr. M. Damodaran and Dr. R. C. Shah
for their kind interest in the work.

J. L. Bose
K. CHANDRAN

National Chemical Laboratory of India
Poona
19 Aug. 1954
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STUDIES IN THE CONSTITUTION OF
KAMLOLENIGC ACID BY OZONIZATION

THE CONSTITUTION OF KAMLOLENIC ACID
obtained from the seed oil of Mallotus philip-
pinensis Muell. Arg. ( kamala ) as determined
through the acetylation and oxidation pro-
ducts of the acid and its ultraviolet absorp-
tion spectra has been reported to be -
hydroxy, 9, 11, 13-octadecatrienoic acid!-* (I).
An alternative constitution, w-hydroxy, 5, 7,
9-octadecatrienoic acid (II), was, however,
not accepted! only on the analogy that in the
naturally occurring unsaturated acids of the
Cys series, (CH,), carbon atom chain is gene-
rally attached to the carboxyl group. The
recent work on the isolation and characteriza-
tion of azelaic half-aldehyde obtained from
the products of ozonization of this acid has
confirmed the structure (I) for kamlolenic
acid.

Kamlolenic acid was dissolved in chloro-
form (5 per cent) and ozonized oxygen was
passed through the solution immersed in
ice bath. After the completion of the re-
action, chloroform was removed and the
residue was decomposed with moist ether.
A 10 per cent solution of potassium bicar-
bonate was added and the azelaic half-alde-
hyde was isolated from the aqueous solution.
It was identified through its semi-carbazone
(m.p. 162-0°-62-5°C.) and further confirmed
by its oxidation to azelaic acid.

3-Hydroxy valeraldehyde, as indicated by
its boiling point ( 62°-63°C. at 10 mm.) and
n,*’=1-4509, was also obtained from the
products of ozonization showing thereby
that the third double bond in kamlolenic acid
is present between 13 and 14 carbon atoms.
The complete details will be published
elsewhere.

S. C. Gurta
J. S. AcGArwAL

National Chemical Laboratory of India
Poona
6 Aug. 1954
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HIGH PRESSURE HYDROGENATION OF
SOME INEDIBLE OILS & FATS

HIGH YIELDS OF FATTY ALCOHOLS HAVE BEEN
reported! in the high pressure hydrogenation
of coconut oil and its esters and of lauric,
stearic and oleic acids. In the present work,
unrefined karanja (Pongamia glabra) and
neem ( Azadirachta indica) oils and un-
refined kokum (Garcinia indica), mowrah
( Modhuca latifolia ), dhupa ( Vateria indica )
and pisa ( Actinodaphne hookeri) fats were
hydrogenated under the following conditions:
temperature, 325°F.; catalyst, cobalt-stabi-
lized copper chromite, 5 per cent; pressure
of hydrogenation at room temperature,
2,500 1b./sq. in.; excess of hydrogen at the
beginning, 175 per cent; period of hydro-
genation, 2 hr.

Kokum, mowrah, dhupa and pisa fats
were found to have been converted into fatty
alcohols to the extent of 45-70 per cent,
the conversion of karanja oil was not more
than 15 per cent and neem oil was not
hydrogenated at all. Coconut oil, under
the same conditions, was hydrogenated to
more than 70 per cent. Since the inedible
oils and fats are characterized by high
contents of unsaponifiable matter (2-5 per
cent ), it is likely that the copper chromite
catalyst is poisoned to different degrees by
the different unsaponifiable constituents.

Refining of inedible oils and fats by ethyl
alcohol extraction followed by alkali refining
brought down the unsaponifiable matter
content considerably and improved the con-
version of kokum, mowrah, dhupa and pisa
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fats. Refined karanja and neem oils, how-
ever, did not show any improvement.
Methyl esters of the two oils were then
prepared and, after their purification by
distillation, were hydrogenated as before.
The karanja oil methyl esters were con-
verted to the extent of 76 per cent, but
neem oil esters showed no conversion at all.

The poisoning effect of neem oil was
shown by the fact that a mixture of 90 per
cent coconut oil and 10 per cent neem oil
was hydrogenated to the extent of 20 per
cent only.

The conversion of castor oil into fatty
alcohols under the same conditions of hydro-
genation was ¢. 72 per cent. It was ob-
served that fatty alcohol formation in this
case was accompanied by dehydroxylation
( removal of OH group in the ricinoleic acid
chain) which amounted to nearly 76 per
cent when the time of reaction was increased
to 4 hr.

The products of hydrogenation of the oils
and fats were found to have low iodine
values ( 2-10) thus showing the non-selective
nature of the catalyst.

J. G. Kaxe
K. B. KULKARNI

Department of Chemical Technology
University of Bombay

Bombay

16 Oct. 1954

1. FeEnskg, M. R., in Unit Processes in Organic
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