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ULTROPAK
ORE DRESSING
MICROSCOPE

SPECIAL FEATURES

s Considerably large magnification.

s Possibility of simultaneous or alternating use of transmitted and incident
light.

» Adjustment of the special composition of the transmitted light to that
of the individual Newtonian interference colours by means of LEITZ-
VARIOCOLOR attachment.

» Photomicrographic work can be done either with LEICA as illustrated or
with plate camera. ‘

SOLE AGENTS

THE SCIENTIFIC INSTRUMENT Co. Ltd.

Il ESPLANADE EAST 240 DR. DADABHAI NAOROJI ROAD B-7 AJMERI GATE EXTN.
CALCUTTA | BOMBAY | NEW DELHI |
6 TE)] BAHADUR SAPRU ROAD 30 MOUNT ROAD
ALLAHABAD | MADRAS 2
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COVER PICTURE

The picture on the cover shows the pilot plant set up at the
Fuel Research Institute, Jealgora, for the Fischer-Tropsch

synthesis of oil from coal.

The plant designed and fabricated

in the Institute employs a doubly promoted iron catalyst which

gives 95 to 135 g. of oil per cu. meter of synthesis gas.

The JOURNAL OF SCIENTIFIC & INDUSTRIAL RESEARCH is issued monthly.

The Council of Scientific & Industyial Research no 7

opinions advanced by contributors.

The Editorial Board in its work of

ining papers v

capacity, by a large number of distinguished scientists working in various parts of India.

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

0Old Mill Road, New Delhi 2.

ponsibility for the statements and

d for publication is assisted, in an honorary

ANNUAL SUBSCRIPTION: Rs, 15 (inland ); 30 sh, (foreign ). SINGLE COPY: Rs. 2 (inland); 4 sh. (foreign)
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Ensure

effective

medication
LEPROSY

by

DIPHONE (Diamino diphenyl sulphone)

BIPHON E—Oral } Tetra sodium 4:4'-bis (T-phenyl

propylamino )-diphenyl sulphone-
SOLUPHONE—In;. | tetra sulphonate

MANUFACTURED BY

BENGAL IMMUNITY

COMPANY LIMITED
CALCUTTA 13

)
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ields of apphcahon eledncal

gineering, mechanics, fiming, acoustics, -

thermomelry, technology, conirol, ana!yhc
chemistry and medicine.

gents: TOSHNIWAL BROS. LTD.

198 JAMSHEDII TATA ROAD, FORT, BOMBAY-1{
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Bengal Chemical & Pharmaceutical Works Ltd.

cor~r~The Largest Chemical Works in India

) Pharmaceutical Drugs, Indigenous Medicines, Perfumery, Toilet
Manuf acisiyers f and Medicinal Soaps, Surgical Dressings, Sera and V’accines,
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.
Oﬂice 94 CHITTARANJAN AVENUE, CALCUTTA
Factoriesmr: CGALCUTTA . BOMBAY . KANPUR

'

y
‘GS’ PETROL GAS PLANTS STOCKISTS
THE STANDARD GAS INSTALLATION FOR ALL M I c R 0 s c 0 P E s
LABORATORY WORK
Further developed to work on a cheaper
OIL than petrol and easily available RESEARCH, MEDICAL,
METALLURGICAL,
dlsi PETROLOGICAL,
ERd BINOCULAR,
MAKER OF DISSECTION,
LABORATORY STUDENT TYPES &
HARDWARE ACCESSORIES
such as Prices from
BURNERS Rs. 300 to 1550
STAINLESS ks
STEEL CLAMPS
STANDS Repairs a
etc. etc. Speciality

- Apply for new Burner catalogue
Office — DADAR
P.O. B. 5576, BOMBAY |4
Works — LALBAUG
GANSONS LID. BOMBAY I2
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"SAUTER

ULTRA-RAPID
PRECISION BALANCE

AN AUTOMATIC LABORATORY BALANCE

SELF-
INDICATING

INSTANTANEOUS
READING

ACCURATE

RELIABLE

CAPACITIES AVAILABLE:
200 grams to 10 kilos

For further particulars write to:

GORDHANDAS DESAI & CO.

305 HORNBY ROAD, BOMBAY |

58B CHOWRINGHEE ROAD 22 LINGHI CHETTY STREET
CALCUTTA 16 MADRAS |
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E.S.W. BALANCES

Superlor 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

r."""'““ PO OO OO OO TTET I COIOT O PE LSOOI CCOOT OISO "’

I's ‘POPULAR’ for Books

A LIST OF SOME SELECT BOOKS

l HOLMAN, LUNDBERG & MALKIN — Progress in the Chemlstry of

Fats & Other Lipids, Vol. 2 (1954) .. Sh. 63
NOBLE — Latex in Industry, Second Edition ( 1953 o o $ 16
STEPHENSON — Pulp & Paper Manufacture, Vol. 3 (1953) - $ 11
URQUHART & HOWITT — The Structure of Textile Fibres (1953) .. Sh, 12/6 z

MURPHY — Non-ferrous Foundry Metallurgy ( 1954) .. Sh. 70 N
ROWLAND — The Art & Architecture of India (1953) o .. Sh, 42 z
BLUNT — Art & Architecture of France, 1500-1700 (1953) .. .. Sh, 42 $
McADAM — Colliery Surveying (1953) . Sh. 12/6
MORSE & FESHBACH — Methods of Theoretlcal Physics, Parts 1 & 2

(1953) .. ; Per set $ 30
STANNETT & MITLIN — Pocket Book of Chemical Technology (1953) Sh. 30
WATERMAN — Hydrogenation of Fatty Oils ( 1951) Sh. 42
STANIAR — Plant Engineering Handbook (1950) .. . i $ 15

LARGE STOCK OF SCIENTIFIC & ENGINEERING BOOKS
Detailed enquivies solicited, Ask for catalogues.

THE POPULAR BOOK DEPOT

( Registered )
LAMINGTON ROAD, BOMBAY 7

PP S S S O S L et as o ]
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- FOREMOST HOUSE FOR
" SCIENTIFIC EQUIPMENT

For over twenty-five years, THE ANDHRA SCIENTIFIC CO. LTD.
has been the pioneer in the manufacture of Precision Scientific Instru-
ments in the country. lts vast experience, its highly trained technical
personnel and its conformity to high standards in workmanship have
given it a position of primacy in the scientific instrument industry

in India.

BINOCULAR DISSECTING MICROSCOPE

Our Spectrometers, Polarimeters, Measuring Microscopes, Binocular Dissecting Micro-
scopes, Electrical and Measuring Instruments are noted for their design, construction
and performance, and are in use in laboratories all over India and abroad.

For all your requirements please write to:

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 — ALLAHABAD

~ JS.LR— JULY 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.ses8

K. Roy Chowdhury

the celebrated Balance Specialist of
BANARAS CANTT.

has reconstituted the business as

Keroy Ltd.

for the manufacture of

€ERO
BALANCES

AND

WEIGHTS

Factory Service Station & Office
335 Nadeshwar 32 Latafat Hussain Lane
BANARAS CANTT. CALCUTTA 10

sty
=—
<

LT
MANUFACTURERS OF
MACHINE MADE AND
HAND MADE

NEUTRAL GLASS, AMPOULES,
VIALS, TEST-TUBES

®
For further particulars, write to:

BOMBAY SCIENTIFIC
GLASS WORKS

ARAB HOUSE, KHETWADI I3TH LANE
BOMBAY 4

Al0
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Basic Chemieals «7’ //z% Quali

P

S
DIAMOND

& basic Chemicals are manufactured
by DCM Chemicals, leaders in the growth of the

Heavy chemicals industry in India.

signifies  quality - specify
Diamond Brand for your requirements - these are
pretested and standardised.

For Industrial Needs

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

For Agriculture

COMPLETE CROP FERTILISERS
SUPER PHOSPHATES

For Water Purification
}’\ CHLORINE e FERRIC CHLORIDE & ALUMS
—==-3 ALUMINIUM SULPHATE e ALUMINA FERRIC

THE D.C.M. CHEMICAL WORKS

POST BOX 121,
DELHI

All



‘KREMP’ STUDENT MICROSCOPE

which must not fall into disuse after leaving * varsity ', but
can continue in the young academician’s practice as the full-
fledged.

* A scientific instrument which it actually is.

It is a life-time investment that will not loose its practical
value, but will remain to be its owner’s reliable friend and aid
in his professional work, too.

For all professional work which does not call for the highest
magnifications.

Stand of generous proportions inclinable by 90°.

With a fixed tube, without a condenser, with iris diaphragm
below the stage.

Optical equipment

Nose-piece for 2 objectives.

Achromatic objective No. 3 ( 10.3 x ).

Achromatic objective No. 6 ( 48 x ).

Huygens eyepieces, 6 x, 10 x, 15 x.

Six different magnifications from 61.8 to 720 x.

In a fine alder-wood cabinet with lock and key.

Prices on application from

UNIQUE TRADING CORPN.

51-53 BABU GANU ROAD, BOMBAY 2
Grams : UNILAB Phone : 26983

KREMP WETZLAR

A I AN NSNS A AN NN NAAAAAN
Gram: Phone: B.B. 2132
BISWORKS 34-5034

BENGAL INDUSTRIAL & SCIENTIFIC WORKS Ltd.

7 JATINDRA MOHAN AVENUE
CALCUTTA 6

Dealers n:

* E. MERCK'S PURE CHEMICALS, ANALYTICAL
REAGENTS AND ACIDS '

* DR. GRUBLER’S STAINS AND INDICATORS

* CARL SCHLEICHER AND SCHULL’S FILTER
PAPER

* ALL SORTS OF SCIENTIFIC INSTRUMENTS
AND APPARATUS

SN A SAAAAANNAN SN
J.S.LR.— JULY 1954
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Spotlight

on

n-Butyl Bromide
Diethyl Sulphate
Dimethyl Sulphate
Ethyl Bromide
Ethyl Iodide
Methyl Iodide
Acetyl Chloride
Allyl Chloride
Benzoyl Chloride
Benzyl Chloride

Methanesulphonyl
Chloride

p-Toluenesulphonyl
Chloride

MANUFACTURED BY

MAY & BAKER LTD

distributors "ETHVL ,o:"'- merms |
MAY & BAKER (INDIA) LTD. BOMBAY + CALCUTTA R, " W‘{’Di ,
e B

MADRAS * NEW DELHI * GAUHATI

Alkylating Agents
and Acid Chlorides

With pre-packed stocks of standard packs to facilitate
despatch, plus a world-wide reputation for reliability,
The
complete range comprises over 500 different organic

these are products to order with confidence.

and inorganic chemicals, all of which are produced
to specification. You can specify
M&B for a wide field of general
laboratory requirements.

M & B brand

Laboratory
Chemicals
and
Reagents

lodute w ncmer;

n, i ]
ity 222 Gm e
oy

L more

then 002%
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WE DESIGN & FABRICATE
CHEMICAL & PHARMACEUTICAL
MACHINERIES

Such as

VYACUUM STILLLS * HEAT EXCHANGERS * VACUUM EVA-
PORATORS * MULTIPLE EFFECT EVAPORATORS * STEAM
JACKETED PANS * VACUUM DRIERS * REACTION VESSELS
STEAM OR ELECTRICALLY HEATED CABINET DRIERS * MIXERS
AND KNEADERS * FILTRATION EQUIPMENT, ETC.

For your requirements
please write to :

\ ‘
] K. MAHADEV & CO. LTD.

|

It
“1 POST BOX No. 7020
It

STEAM JACKETED REACTION KETTLE BOMBAY 28

Reliable supply house for
LABORATORY & RESEARCH INSTITUTES

Equipment for :

PHARMACEUTICAL, BIOLOGICAL, PATHOLOGICAL & PHYSIOLOGICAL
LABORATORIES

Manufacturers of :

AUTOCLAVES, INCUBATORS, DISTILLATORS, OVENS, VACUUM STILLS,
SEITZ FILTERS, WATER, GAS & VACUUM TAPS, BURNERS, TRAYS, CAGES

Repairing of microscopes and chemical balances a speciality

I'|.RAMCHANDRA & SONY\

KELEWADI, GIRGAUM, BOMBAY 4

SP/MR/I J.S.R— JULY 1954
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STANTON _Zowcdcrsicy

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.

»now

Model A.D.6

Capacity : 200 g.
Sefsiii%iy: 01 fng. per half division
This aperiodic, projection- reading
balance provides for external weight-
loading of fractions up to 1 ¢. 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.

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

Kf m PRECISION BALANCES

STANTON INSTRUMENTS LTD., LONDON, W.1

J.S.LR. — JULY 1954
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LATEST ARRIVALS

“ KAVALIER ” LABORATORY GLASSWARE

(MADE IN CZECHOSLOVAKIA)

Aspirator Bottles, 2, 5, 10 and 20 litres » Cavity Blocks = Kipp's Apparatus
Moist Chambers » Petri Dishes, 50 to 200 mm. » Retorts, Stoppered * Micro-
scopic and Culture Slides » Staining Jars, Coplin’s # Desiccators, Vacuum, etc.

“PYREX ” LABORATORY GLASSWARE

(MADE IN ENGLAND)

Beakers # Test-tubes » Petri Dishes » Separating Funnels # Distilling Flasks
Sintered Glass Crucibles and Funnels and Interchangeable Ground Glass Joints

PLEASE WRITE FOR OUR SPECIAL QUOTATIONS

ASHA SCIENTIFIC COMPANY
DEALERS IN LABORATORY GLASSWARE & EQUIPMENT
LOTLIKAR MANSION, 503 GIRGAUM ROAD, BOMBAY 2

Grams: ‘‘ ASHACOM "

SP/AS/I

When you require

MEASURING INSTRUMENTS &
PRECISION TEST-GEAR

for different purposes
make it a point to contact us

We supply : Moving Coil Movements for Voltage or Current Measurements in
any range, RF Signal Generators, RC Audio Generators, Marconi

Test Instruments and Other Testing Equipment

We can also design to your requirements
Oscillographs, Signal Generators, Rectifier Units, Power Supply Units

State your detailed requirements and get our quotations

WE HAVE BEEN DESIGNING AND SUPPLYING TO THE MARKET VARIOUS ELECTRICAL
AND ELECTRONIC EQUIPMENT FOR OVER 15 YEARS PAST

GUARANTEED SERVICE. PROMPT ATTENTION.

RADIO ELECTRIC LTD.

2C LAMINGTON CHAMBERS, LAMINGTON ROAD, BOMBAY 4
J.S.LR.— JULY 1954
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THE PAKISTAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE

PAKISTAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE
University Institute of Chemistry, The Mall, Lahore (Pakistan)

PUBLICATIONS OF

PAKISTAN JOURNAL OF SCIENCE cum PAKISTAN JOURNAL OF
SCIENTIFIC RESEARCH ( Quarterly ), Vol. I, 1949 onwards

. PAKISTAN : A SELECT BIBLIOGRAPHY, 195]

by A. R. GHANI, xxii -+ 339 pp. ( 9,000 references )

. ANNUAL REPORTS OF THE PAKISTAN ASSOCIATION FOR THE

ADVANCEMENT OF SCIENCE, 1948, 1949, 1950, 1951, 1952 & 1953

. PROCEEDINGS OF THE PAKISTAN SCIENCE CONFERENCES,

1949, 1950, 1951, 1952 & 1953 ( Annual, 3 parts per vol.)

. SOUVENIRS OF THE SECOND, THIRD & FOURTH PAKISTAN

SCIENCE CONFERENCES

. A GUIDE TO THE CURRENT SCIENTIFIC JOURNALS RECEIVED

IN VARIOUS LIBRARIES OF WEST PAKISTAN
by A. R. GHANI ( Misc. Publn. No. | )

. SOME ASPECTS OF THE MODERN DEVELOPMENT OF SCIENCE

AND HIGHER EDUCATION IN THE WEST
by DR. BASHIR AHMAD ( Misc. Publn. No. 2)

. PERIODICAL PUBLICATIONS OF PAKISTAN (Cyclostyled), 2nd Ed.

by A. R. GHANI & KH. NUR ELAHI ( Misc. Pubin. No. 3)

. RESEARCHES ON PLANT DISEASES OF THE PUNJAB

by ABDUS SATTAR & ABDUL HAFIZ, 158 pp., 1952 ( Sci. Monograph No. | )

. COTTON JASSID IN THE PUNJAB

by CH. MOHAMMAD AFZAL & DR. M. A. GHANI ( Sci. Monograph No. 2)

. SCIENTIFIC LAND UTILIZATION — International Symposnum in

Collaboration with UNESCO

. SOUVENIR OF THE FIFTH PAKISTAN SCIENCE CONFERENCE

UNESCO Book Coupons acceptable. Packing and pbstage extra.

For further particulars, please write to :

THE GENERAL SECRETARY

Price Rs.
( Pak currency)

20/- p.a.

12/-

1/- each

10/- each

1/8 each

/8

J.S.LR.— JULY 1954
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We now manufacture

ACID SULPHURIC

ANALYTICAL REAGENT

SPECIFIC GRAVITY |-84
(In accordance with 1.S. Specification No. 266-1950 for A.R. Grade )

TESTED & APPROVED BY THE GOVERNMENT TEST HOUSE,
ALIPORE, VIDE TEST CERTIFICATE No. CM-PC/2334,
DATED 4-12-1953
X
MANUFACTURERS, IMPORTERS & STOCKISTS OF ALL LABORATORY EQUIPMENT

For prices please write to :

THE CENTRAL SCIENTIFIC SUPPLIES CO. LTD.
H.O.—2 AGARAM ROAD, TAMBARAM (. INDIA)

Branches :
MADRAS e BANGALORE TRIVANDRUM

ACID SULPHURIC A.R.

( NITROGEN FREE )
SPECIFIC GRAVITY 184

MAXIMUM LIMITS OF IMPURITIES

IRON (as Fe) ... .. 00001 PER CENT
CHLORIDE (as Cl ) . 00003
NITRATE (as NO, ) . 00000
ARSENIC (as AS,0,) . 00001
HEAVY METAL (as Pb) ... . 00002

Manufactured by

NATIONAL INDUSTRIAL CORPN.

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

8/115 ARYANAGAR, KANPUR

Al8
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Research Development Testing

In development and research depart- RAPID LABORATORY
ments, where tests concern grinding, - ELUTRIATOR
screening, separating or filtering, ICL

laboratory equipment has many uses.
It is also frequently and profitably
employed in conjunction with pilot
plant for testing large scale processes.
May we send you details ?

RAYMOND LABORATORY MILL—-

for the grinding
of non-abrasive
materials

in batches

up to 20 lbs

CONSTANY HEA
UNCLASSIFIED FELO
CONTROLLE!
SURFACE TENSION

FIN! PARTICLES
RO ur BY

RISING WATE

CURRENT

DOWNWARDS

J
. RUBBER TUBE
@ Rotor has eight steel sInEHCOCK

swing hammers and runs at 10,000 r.p.m, AT

® Supplied with five interchangeable
steel screens 10 suit product. This elutriator
can be used
for testing gny
fine powder
RAYMOND LABORATORY SEPARATOR mstt)luble tin
& : water upto
a self-contained air separating 1200 mesh.
unit for particle size . fal
. o pecia
classification in the dry state. elintnator for
water - soluble
materials, M-

COARSE AND
INTERMEDIATE
1AL
CLABSIFYING
TVOE

@ Bronze housing easily dismantled for cleaning.

@ Separating chamber encloses
all rotating parts.

® Simple to dismantle. »
Fan and whizzer combinationsy
easily changed to suit product.

®  Motor bearings grease-packed. save Time

No oiling required for separator parts.

RO-TAP SIEVE SHAKER - and cu.t
for accurate and costs Wlth

consistent sieve

testing,
® Uniform
mechanical

action. | | ARORATORY EQUIPMENT

® Moot | INTERNATIONAL COMBUSTION (INDIA) LTD.

® Accommodates up to thirteen
& diiierer saves, 101, PARK STREET, CALCUTTA.I6.,

L 3/54

JSAR.— JULY 1954
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‘@ comprehensive test outfit for analytical chemists

and teachers. In analytical laboratories, schools
and colleges where provision for a wide range of
tests must be available, the B.D.H. Spot-Test Outfic
fulfils a vital need.

Its design has been carefully planned to cover
the fullest possible range of merals and radicals with
the most useful reagents for each.

Reagents and accessories—test tubes, pipettes, capil-
lary tubes, etc.—are supplied in a
convenient wooden cabinet measur-
ing 14in.x9 in. x 2% in.

Mﬁde by»

POOLE, ENGLAND
Distributed in India by :

P. O. Box No. 1341, Bombay.

THE BRITISH DRUG HOUSES LTD.
8.D.H. LABORATORY CHEMICALS GROUP

BRITISH DRUG HOUSES (INDIA) LTD.
Branches at: Calcutta - Delhi - Madras

B.D. H.
SPOT-TEST
OUTFIT

Prices on request

—_—

= QUICKFIT & QUARTZ Interchange-
able Ground Glass Apparatus

= LUMETRON Photoelectric Colori-
meters & Fluorescence Meters

m PYE Universal Mains-operated pH
Meters

u LOVIBOND Tintometers
s SARTORIUS Analytical Balances
s REDWOOD Viscometers

m B.S.S. Laboratory Sieves & Sieve
Shaking Machines

s KREMP Microscopes
= BOMB Calorimeters
m ).M.C. Platinum-ware

AVAILABLE FROM READY STOCK

UNION SCIENTIFIC SYNDICATE
POST BOX NO. 2484
52.58 BABU GENU ROAD
BOMBAY 2
Tel: 28465 Gram: ‘ PETROLIUM’

BOROSIL

LABORATORY GLASSWARE

such as
FLASKS,*BEAKERS, CONDENSERS, MEASURING
FLASKS, MEASURING CYLINDERS, PIPETTES &
ANY SPECIAL APPARATUS MADE TO DESIGN
and
PENICILLIN VIALS, VACCINE BULBS—WHITE &
AMBER

ALL OTHER APPARATUS & EQUIPMENT
MANUFACTURED TO CLIENT’'S DESIGN

INDUSTRIAL & ENGINEERING
APPARATUS CO. LTD.

CHOTANI ESTATES, PROCTOR ROAD
GRANT ROAD, BOMBAY 7
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—BAIRD ASSOCIATES

are making history i the United States
with
* ORIGINAL RULED GRATINGS

* MERCURY VAPOUR LAMP
with a single mercury isotope, giving
strictly monochromatic light

* THE FASTEST OPTICAL SHUTTER
IN THE WORLD -

* FLAME PHOTOMETERS
that really work

* SPECTROGRAPHS FOR UV,
VISIBLE & IR

* DIRECT READING SPECTROGRAPHS

BAIRD ASSOCIATES

*

SOLE AGENTS FOR INDIA

RAJ-DER-KAR & Co.

COMMISSARIAT BUILDING, HORNBY ROAD
FORT, BOMBAY 1

Telephone : 27304 } Telegrams : TECHLAB

S
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“TEKORPO’S SPECIALITIES”

DISSECTING MICROSCOPES
ROCKING & ROTARY MICROTOMES
MAGNIFIERS & DISSECTING STANDS

MECHANICAL STAGES & POINTER EYEPIECES,
ETC., ETC.

For full particulars, please write to

TECHNICAL CORPN. LTD.

SAROJINI NAGAR, LUCKNOW

INDUCTANCE
COILS

ON ALUMINIUM FORMERS

20 cm. DIAMETER
2'5 cm. THICK

200 or 500 TURNS

Designed for experiments on

SELF & MUTUAL
INDUCTANCE

Made by :

THE STANDARD . SCIENTIFIC
INSTRUMENTS (0.

115 BRODIES ROAD, MADRAS 28

For

EQUIPMENT OF COLLEGES,
INDUSTRIAL, RESEARCH &
SCIENTIFIC LABORATORIES
with
MANSFIELD OIL GAS PLANT,
GAS & WATER SUPPLY SERVICES &
FURNITURE
]
GAS & WATER TAPS, SINKS,
BURNERS — BUNSEN & OTHER
TYPES — & APPARATUS

Enquire of
MANSFIELD OIL GAS CO. LTD.
Engineers & Contractors
16 RADHANATH CHOWDHURY ROAD
CALCUTTA I5

Gram : 2382
GASIFY Phone : 24 {nu
CALCUTTA 4513
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yes, it is my plan !

Lights will be switched on in a thousand villages. Handlooms,
lathes will hum and spin. Every small community will becorhe the hub
of a growing village industry. There will be work for everyone.
The Five Year Plan provides for Rs. 127 crores to be spent on developing
and adding to our power resources. Multi-purpose hydro-electric
schemes will supply cheap power to industry. Here is proof of a
nation’s determination to take its place amongst the leaders of the world.

Lakhs of tons of Steel will be used to implement the many diverse projects
of the Plan. And so, in numerous significant ways Steel will provide the
foundations for a richer, more rewarding future for our nation and our people.

THE TATA IRON AND STEEL COMPANY LIMITED -
N
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LABORATORY HEATING DEVICES

Water Baths, Oil Baths, Sand Baths, Air Baths, Ovens, Water
Stills, Steam Distillation Boilers, Hot Air Blowers, Spare Heating
Elements, Petrol Gas Plants, Gas Rings & Burners

INFRA-RED LAMPS FOR MOISTURE DETERMINATION

Consult :

TEMPO
INDUSTRIAL CORPORATION

1ST FLOOR, DEVKARAN MANSION, PRINCESS STREET
BOMBAY 2

Three Important Books on Lac

A HANDBOOK OF SHELLAC ANALYSIS

Second Edition, 1952
Price Rs. 4/8

LAC CULTIVATION IN INDIA

by GLOVER (1937)
Price Rs. 2

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 to:

THE DIRECTOR
INDIAN LAC RESEARCH INSTITUTE
NAMKUM, RANCHI, BIHAR

J.S1R. — JULY 1954
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MONEY SAVING CONTROL EQUIPMENT

FOR

FOUNDRIES, TWO MINUTE CARBON
STEEL MILLS, DETERMINATOR

CHEMICAL High sy o
PLANTS sl Suses

line, automatically
maintaining atmos-
pheric pressure, wide
selection of carbon
percentage scales.
Accurate within
0.002% on low range

Burette.
n____________/
&
éi : Permeability
x; ' Fineness
‘I’ Sand Testing

Equipment.

@i

Core Testing

CASTING FINISH Equipment.
Improves with sand grain .
size and distribution control. Mold Testing

Equipment.

Carbon and Sulfur Determinators for organic and in-
organic materials.

Moisture Testers for sand, food stuffs, chemicals, to-
bacco, textiles, ceramics.

6 Combustion Tubes.

7 Laboratory Furnaces and Ovens.

21 FORBES STREET, FORT
P. O. B. No. 1909 ° Bombay 1 (India)

P PIONEER INDUSTRIES

MACHINERY AND LABORATORY EQUIPMENT

J.S.LR.— JULY 1954
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ARVIND

for

QUALITY
FABRICS

THE ARVIND MILLS LTD.

NARODA ROAD, AHMEDABAD 2

ACIDS

ALL GRADES, TECHNICAL, PURE

PHARMACEUTICAL WORKS Ltd.

AND REAGENT QUALITY

ACID SULPHURIC

ACID HYDROCHLORIC
ACID NITRIC

ACID ACCUMULATOR, ETC.
LIQR. AMMON. FORTE

X

Write to:

OSTER CHEMICAL &

78B MANICKTOLA STREET
CALCUTTA

((Estd. 1922))

v B

£y
A RAW// PERFUME %W) %%

FOR EVERY PURPOSE

Handkerchiefs, preparing
Hair Oils, Cosmetics, To-

baccos of all descriptions, etc.
Details from :— Gﬂ};ﬂ%s

ool 50,EZRA ST,CALCUTTA-

A26

A Borosilicate glass of
very low linear co-
efficient of expansion.

Sole Distributors :

GHARPURE & CO

P-36, Royal Exchange Place Extn.
CALCUTTA-|
e
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' PHILIPS
« LAMPS & LIGHTING EQUIPMENT @ RADIO & TELEVISION RECEIVERS *

MEASURING
INSTRUMENTS

e SUIAVHS A¥A DIMLOATI IJAVHSITIHG.

$43S ONILHOIT OWVYNAQ ITIDAD

h! Not that artist again! The dismay of the

character in the illustration is nothing compared to
ours at the realization that our artist doesn’t know
that Philips Electronic Measuring Instruments are the
finest precision instruments capable of measuring
electrical and mechanical phenomena.

Philips have products designed for use in the
home, in industry, in the street, shops and transport
services. In engineering, hospitals and in scientific

" PHILIPS

ELECTRICAL €O. (INDIA) LTD.
“PHILIPS HOUSE", JUSTICE CHANDRA MADHAB ROAD, CALCUTTA 20.
Branches : BOMBAY °* DELHI * MADRAS ° LUCKNOW °* KANPUR ° PATNA

WELDING PLANT & ELECTRODES ¢ HIGH-FREQUENCY HEATING GENERATORS o ELECTRO-MEDICAL APPARATUS . TUNGSTEN, FLUORESCENT, BLENDED & DISCHARGE

$3S0d¥Nd “TIV 04 INIWIINDIT AVE-X « SINIWNUISNI ONNEASYIN JINOWLIINI

« 'PHOTOFLUX' FLASHBULBS s+ BATTERY CHARGERS AND RECTIFIERS + MAGNETIC FILTERS ¢
J.S.LR—JULY 1954
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JOURNAL OF THE INDIAN INSTITUTE OF SCIENCE

A quarterly, containing articles of original research carried out
in the laboratories of the Indian Institute of Science, Bangalore 3

ANNUAL SUBSCRIPTION
INDIA Rs. 16

S —— {U.K. Sh. 30
USA. $ 4.00
ADVERTISEMENT TARIFF
Single insertion Four insertions
Full page Rs. 40 Rs. 120
Half page 25 80
Quarter page ... 15 40
Outer back cover—75 per cent extra. Inner back cover—50 per cent extra

Page facing back cover—25 per cent extra.

Cheques should i)e made payable to the Indian Institute of Science

All communications should be addressed to :

THE LIBRARIAN AND ASSOCIATE EDITOR
INDIAN INSTITUTE OF SCIENCE, BANGALORE 3, INDIA

COUNCIL OF SCIENTIFIC & INDUSTRIAL RESEARCH

Announcing the publication of

WEALTH OF INDIA: INDUSTRIAL PRODUCTS
Part III (D-E)
With Index to Parts I-lll

Contains articles dealing with fifty-four industries, including Dairy Industry,

Diesel Engines, Distilled Liquors, Dyestuffs, Electrical Industries, Essential Oils and
Explosives.

PRINTED ON ART PAPER, DEMY 4to ; BOUND: IN FULL REXINE
Pages xvi+ 250 + xxxii; 13 plates and 94 text illustrations

Price Rs. 20

For copies, write to

THE PUBLICATIONS DIVISION
COUNCIL OF SCIENTIFIC & INDUSTRIAL RESEARCH
OLD MILL ROAD, NEW DELHI 2
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KREMP MICROSCOPES

made by the famous firm of

GEORGE KREMP, WETZLAR

for Colleges

COMBINING OPTICAL PRECISION OF THE
HIGHEST CALIBRE WITH PRICE SCALE TO
SUIT ALL

It is a microscope representing perfection
in optical equipment and efficiency

Stand E inclinable up to 90°

Standard tube: 37 mm. without extension
Micrometer screw on both sides with graduated drum
Fixed Square Object-table : 110x[10 mm.

Illuminating apparatus with an elastic sliding sleeve
tightly screwed on below the object-table

Two-lens condenser with iris diaphragm with filter
bearing

Revolver for three objectives

Huygh. Eyepieces : 6x and |5x

Achromatic Objectives : 5.8x, 18.2x and 62.5x
Magnification : 35 to 940x

USEFUL FOR STUDENTS AND TEACHERS

KREMP WETZLAR

Supplied with the following guarantees:
I. Return at our expense in case of disapproval.

2. Two years free exchange in case of defect in
normal working.

This and other biological equipment including Dissecting Microscopes, Demons-
tration Eyepieces, Pointer Eyepieces, Magnifiers, Skeletons, Charts,
Specimens, Models, Slides and Plant Physiology Equipment
available from

HARGOLAL & SONS

THE SCIENCE APPARATUS WORKSHOP
Phone : 173 H.O.: AMBALA CANTT. Gram : HARGOLAL
Branches : MADRAS, DEHRA DUN, LUCKNOW

J.S.LR.— JULY 1954
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fatinum

for chemical analysis

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

AVAILABLE EX-STOCK IN INDIA FROM

RAM LABHAYA ARORA & SONS

161/ HARRISON ROAD, CALCUTTA

Telegram: *“ METCHEMIKO ”, CALCUTTA Telephone : 33-3256
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Indian skill can make

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

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

BASYNTH
BRAND

ACID SULPHURIC . . . e o s o 4 o o s s o o o+ sp.ogr. 184
ACID HYDROCHLORIC, FUMING T EEEL YN i 119
ACID HYDROCHLORIC . . . . . ¢ s ¢ ¢ o o o o o« o & » » 18
ACID NITRIC . . . . B s s s w e 8§ @ % s 6 e @ 9 -~ 1-42
AMMONIUM HYDROXIDE AR RS 0-90

AND MANY OTHER ITEMS ALL MADE IN INDIA BY

P.O. JADAVPUR COLLEGE, CALCUTTA 32

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

BASIC & SYNTHETIC CHEMICALS Ltd.

INDEX TO ADVERTISERS

.ommnmmomononm 2o o o 222 PP 2T T o T ol Eldd o e ad s od 0’

PAGE PAGE
ANDHRA SCIENTIFIC Co. LTD., MASULIPATAM A9 JourNAL OF THE INDIAN INST!TUTE OF SC!ENCE,
ARVIND MiLLs LTD., AHMEDABAD e A26 BANGALORE o A28
AsHA SCIENTIFIC Co., BOMBAY A16 ﬁFR\zY Lrp., gAECUTEA 3 2{2
ASSOCIATED INSTRUMENT MaNUFACTURERS ( INDIA v LANADEY 0; LADs DOMBAY
Lto., C:LCUTTA ( _) A36 %A:SHE’&D}?':RGAi Co. IéTD.,ACALCUTTA 2%%
Basic & SYNTHETIC CHEMICALS Lrp,, "Carcurta A31 MA '"8;‘ s A l: TD., me n\( s
l BENGAL CHEMICAL & Punm\czuncu Works Ltp., MA‘;{AMCHAAI;EI:(Ri 8’:"5'2':‘ }féhnfvma‘v Ald
(Y CaLcurra .. = A6 NATIoNAL INDUSTRIAL CORPORATION, KANPUR Al8
BengaL Iumunity Co. I‘TD Carcurra = A% (stER CHEMICAL & PHARMACEUTICAL WORKS LTp. s
; BENGAL INDUSTRIAL & SCIENTIFIC WORKS l.'m, CALCUTTA A26
CALCUTTA ... . ALZ PAKISTAN ASSOCIATION FOR . THE ADVANCEM
BoMBAY SCIENTIFIC Guss \VORKS, Boumv Al0 gc:, NCE, LAHORE ENT OF Al7
Britisi DrRuG Houses (Inpia) Lro., Bomsay ...  A20 PriLies ELecTrIcAL Co. (INmA) L'm CALGUTIA A27
CeNTRAL ScienTiFic SuppLits Co. L'm TamBArRAM  AlS8 PIONEER INDUSTRIES, BoMBAY A25
ok CRAFTSMAN ELECTRONIC Conrom'rwN Ltp., PoruLAar Book Depotr ( REGD.), BoMBAY : A8
z BoMmBAy oo - A37 PusLicaTioNs DivisioN, COUNCIL OF SCIENTIFIC
D.C.M. CHEMICAL WORKS, DeLm . Al & INDUSTRIAL RESEARCH, NEw DELHI A28
EASTERN SCIENTIFIC WORKS, SALKIA, HOWRAR ... A8  Rapio Erectric Ltp., BomBay = Al6
Gansons Ltp., BomBay ... A6  Raj-DEr-Kar & Co., Bomsay & . A21,33
GHARPURE & Cu CALCUTTA A26 RaM LABHAYA ARORA & Sons, ALCUTTA A30
GHOSE Bnoruxns ( PERFUMERS ), CALCUT’I‘A A28 SciENTIFIC INSTRUMENT Co. Ltp., CALCUTTA A2
GoRpHANDAS DESAT & Co., BOMBAY A7 STANDARD SCIENTIFIC INSTRUMENTS Co., MADRAS A22
2 > StaNTON INSTRUMENTS LTD., LONDON Al5
g‘;’:;")t“f g‘;‘;:?,\(;:fi: )C}\‘::; Carcutra ... :gg Tata IRON & STEEL Co, LTb., EALCUT’I‘A A23
S 5 i TecHNICAL CORPORATION LTp., LUCKNOW A22
InpiaN Lac ReseArcH InsTiTuTE, NAMKUM, TeEMro INDUSTRIAL CORPORATION, BomBay A24
Rancnt - A24  TosuniwaL Bros. Ltp., Bomsay . A5
INDUSTRIAL & FNGINEERING AI’PARATUS Co. Lrn 5 UNION SCIENTIFIC SYNDIC ATE, BoMBAY A20
BomBay . . A20 UNiQue TRADING CORPORATION, Bompay Al2
INTERNATIONAL (,omwanorl (1NDn\) I.Tn W. J. Busa & Co. Ltp., LoNDON A4
CALCUTTA = A19 W. T. SureN & Co. Ltp.,, BouBay Al0
J
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NITROGEN-IN-STEEL
DETERMINATION APPARATUS

A new apparatus applying the Kjeldahl method in the rapid determination
of nitrogen in steel and ferrous alloys

For

full particulars

of

specialized

% metallurgical testing

apparatus

and

equipment

Consult

GriFFIN anc;[ATLOCK(India)m.

B-5 Clive Buildings India House Sunlight Insurance Building
P.O. Box 2136 Fort Street Minto Road Extension
* CALCUTTA BOMBAY NEW DELHI
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Scientific Journals & Editorial Problems

HE increasing volume of original
T scientific papers and increasing pub-

lishing costs have created critical
financial and other problems for most scienti-
fic journals. That these problems merit
serious and urgent consideration is evident
from the attention they are receiving in
recent years from learned societies, indivi-
dual scientists and editors of scientific
periodicals.

The National Research Council, U.S.A.,
called in 1950 a Conference on Primary
Publication attended by representatives of
scientific journals, learned societies, publish-
ing houses and government agencies to
discuss measures for reducing costs and in-
creasing revenues. A Conference on Scienti-
fic Editorial Problems was organized for the
1952 meeting of the American Association
for the Advancement of Science (AAAS)
to discuss some of the important problems
that confront those who prepare scientific
manuscripts and technical reports and those
who edit and produce scientific publications.
The second Conference was held in December
1953 and multiple sessions are being planned
for the 1954 Conference on Scientific Editorial
Problems.

The National Science Foundation, Wash-
ington, recently carried out a survey on the
current status of American scientific perio-
dicals and interesting data have been collect-
ed [ Science, 119 (1954), 357-59].

Some of the problems have been discussed
in the recent issues of Science. Mention may
be made of the six papers presented before
the 1953 AAAS Conference on Scientific
Editorial Problems [ Science, 119 (1954),
529-39]. More recently, Mr. L. J. F. Brim-
ble, Joint Editor of Nature, discussed the
problems confronting scientific journals in
an address to the Royal Society of Edinburgh.

Volume and quality

The problems of the editor today “ are
not entirely financial ”’, observes W. Albert
Noyes, Editor, Journal of the American
Chemical Society; *‘ they arise to some extent
merely from the bulk of the things he has
to handle.” The volume of scientific perio-
dicals have been increasing continuously.
““Part of this rising flood of words can be
considered normal in that the number of
scientists today is larger than ever before
and hence a greater output can be expected.
Of still more significance is the fact that a
larger proportion of man-years is being drawn
into research and development work because
of the unprecedented amount of support for
such work.” But what about the nature of
the manuscripts received by the editors?
Dr. W. Albert Noyes has pointed out that
‘“ there is more fragmentary publication .
As the number of scientists increases, the
competitive spirit is bound to become greater
and greater ““and authors feel that they
must “have rapid publication. Since presi-
dents of universities base promotions not on
the quality of work but on the avoirdupois
of the reprints, it behoves scientists to get
out small articles rather than one big one.”

There has been a large increase in the
number of routine articles received for
publication since the war, and editors, parti-
cularly of large journals, have begun to
consider whether they should accept material
which has primarily only archival value. An
examination of the quality of research work
presented in the manuscripts received for
publication in the jJournal of the American
Chemical Society revealed interesting facts.
An attempt to choose those in which there
was an ‘‘ honest ”’ attempt at interpretation
of data and correlation of facts, in other
words, something more than mere description
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of a routine synthesis or a routine set of phy-
sical measurements, showed that ““only 12 per
cent of the papers received had really some
meat in the way of scientific discussion; the
rest were merely either recordings or routine
observations, synthesis of compounds, or
measurements .

Mr. L. J. F. Brimble, in his address to the
Royal Society of Edinburgh, has drawn
attention to the tendency of authors to send
“ half-baked "’ papers for publication. Fur-
ther, much of the details published in many
research papers is of limited interest and value
and men of science may well consider publish-
ing only the main points of their research and
filing the rest for possible reference.

The National Science Foundation Survey
also has revealed interesting facts regarding
the quality of manuscripts received for publi-
cation. It is stated that “several editors call-
ed attention to the large number of articles
that are badly written, repetitious, over long,
and in which the presentation of scientific
material was confused even where reported re-
sults and techniques appear to be sound. This
creates difficult editorial problems and contri-
butes to the cost and delay in publication.”

Delays in publication

According to the data collected by the
National Science Foundation during its
survey, the backlog of accepted but un-
published articles varied from 1-9 months
to one year or more; 70 out of 100
journals covered by the survey reported a
backlog of about six months. There is much
that can be done by the authors themselves
in obviating delays in publication. Refer-
ence has already been made to the quality
of articles received for publication and the
process of revising articles to meet space
limitations in journals is time-consuming.
It was pointed out by George S. Tulloch,
Editor, Bulletin of the Brooklyn Entomo-
logical Society, that only 20 per cent of the
manuscripts received by him was ‘‘ perfectly
typed, punctuated and arranged in the style
of the journal and required a minimum of
routine attention. The remaining 80 per
cent ranged from nearly satisfactory docu-
ments to those that require complete over-
hauling and in some cases retyping ”. Sub-
mission of carefully prepared and cautiously
written papers will go a long way in obviat-
ing delays in publication and will also help
in accommodating more papers.

310

Cost of publication

Many research papers are documented
with detailed or extensive tables of data,
illustrations, derivations of mathematical
equations, protocols, appendices, detailed
description of methods, long bibliographies
or other materials which are of use only to
workers in specific fields and which are ex-
pensive to compose and print. To the major-
ity of readers of the published paper the
detailed documentation is neither necessary
nor desirable and if easy availability of the
material to those who need it is assured,
as for instance by depositing it in a central
documentation centre, the cost of its publi-
cation can be saved.

‘“ The editors of journals can do consider-
ably more than their printers in reducing
costs. They can insist on reduction of the
amount of verbiage in which many authors
conceal their contributions; they can insist
on the simplification of tables and on these
being prepared to fit the format of the
journal, on simplification of mathematical
derivations, and on restriction of bibliogra-
phic citations to those specifically pertinent
to each paper.”

The views expressed by the editors who
participated in the 1953 AAAS Conference
have in some measure been anticipated by
the recommendations of the Royal Society
Scientific Conference on the Preparation of
Scientific Communications held in 1948 in
London. It may be recalled that the Con-
ference came to the conclusion that: *“ Many
defects of scientific articles and delays in
publication are due to inadequate prepara-
tion of manuscripts submitted to publishing
bodies ”’. The Conference recommended
that manuscripts submitted by authors
should be written clearly and concisely and
that they should be prepared in accordance
with rules of the journals for which they are
intended. The Conference also recommend-
ed that heads of departments in universities
and technical colleges and directors of govern-
ment laboratories, research associations and
industrial laboratories should ensure that
““to the best of their knowledge and belief,
any contribution passed through their hands,
whether as communicators or referees, is
worthy of publication on its merits as scienti-
fic information alone”. The adoption of
these recommendations will minimize edi-
torial problems and promote the objects of
publication.



Ionospheric Data—April 1954

CHARACTERISTICS OF THE
IONOSPHERE OVER CALCUTTA

S. S. BaraL, R. K. MiTrA, A. K. SAHA,
B. CHATTERJEE, M. R. Kunpu & S. Dutta

Tonosphere 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
heights of maximum ionization ( hpF,) and
the bottom (h'F,) of the F, layer during
April 1954. The f°F, variation curve has
been compared to that predicted three
months before. The percentage of the total
number of occasions during routine obser-
vations when the critical frequency for the

caLcyrra (22°33'n; 88°21%)
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T1G. 1 — MONTHLY MEAN IONOSPHERIC CHARAC-
TERISTICS FOR APRIL 1954
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Fic. 2 — PERCENTAGE OF TOTAL NUMBER OF
occasions WHEN fEs WAS GREATER THAN 3, §
AND 7 Mc./s. DURING APRIL 1954

TABLE 1 —MONTHLY MEDIAN HOURLY VALUES

( April 1954)

TiME*  {°F, hpF, WF, f°E fEg  (M3000)F,

Mc./s. km. km. Me./s. Mels.

00 3-85 300 240 3-10

01 3-55 300 240 3-00

02 3:60 300 210

03 3:50 300 210 305

04, 3:25 300 210

05 3:056 300 210

06 4-90 300 240 3-45 3:05

07 6-45 300 225 — 3-00

08 7 300 225 2-55 3-50

09 7-10 315 240 285 3-95 2:85

10 9-00 330 210 3-25 3-85

1 9:90 345 240  3-50

12 1055 300 240  3:60 3-10

13 10:85 315 240 3-45

14 11-00 330 240 3-40

15 11-00 315 225 3:20 3:05 2:95

16 11:00 315 240  2:45 3:90

17 11-00 345 240 — 2-56

18 11-00 278 233 31-50 3:25

19 8:70 285 210 3-45

20 745 300 210 2-80

21 5-20 300 240 3-05

22 405 330 270 4-90

23 3-80 330 240 2-80

*Time: 90° East Meridian Time ( U.T, + 6 hr.)
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Fi16. 3 — PREDICTED M.U.F. FOR TRANSMISSION VIA
F; REGION OVER CALCUTTA DURING JULY 1954

sporadic E layer ( fE;) was greater than 3, 5
and 7 Mc./s. have been plotted for the dif-
ferent hoursin Fig. 2. Table 1 gives the meri-
dian values for the different ionospheric para-
meters for April 1954.

Fig. 3 gives the mean M.U.F. predictions
for transmissions to different distances via
F, region over Calcutta during July 1954.
In conformity with previous year’s obser-
vations, the intensity and frequency of occur-
rence of sporadic E ionization were found
to be very high, particularly in the afternoon
hours.

CHARACTERISTICS OF THE
IONOSPHERE OVER AHMEDABAD

K. M. Korapia & R. G. RastoGI
Ionospheric Research Station, Physical Research

Laboratory, Ahmedabad

IG. 1 shows the diurnal variations of the
monthly median critical frequencies of
the ordinary waves reflected from E, F; and
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F,; Fig. 2 shows the variations of the height
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 frequen-
cies of occurrences of E, during routine obser-
vations when fE; was higher than 3, 5 and
7 Mc./s.

The median critical frequencies of F, in
this month were higher during daytime than
in the previous month, but they were lower
(noon f°F, lower by 1:7 Mc./s.) than those
found in April 1953. The intensities and
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IONOSPHERIC DATA — APRIL 1954

frequencies of E, occurrences showed appre- frequent round sunrise and sunset hours.
ciable increase over those in the previous Strong E, activity was observed on 4 and
month, being intense during day hours and 26 April, day and night.

TABLE 1— IONOSPHERIC DATA — AHMEDABAD, APRIL 1954

( Tabulated hours, 75°E. Meridian Time )

TIME MEDIAN VALUES No. OF OCCURRENCES OF ToTAL
br. . Es with No. or
— A ~— A ~ DAYS FOR
1°F, h_F, h'Fy °F, h'F, i°E h E iE, fE_> fE_> fE_> wHIiCH Eg
P P & . 8 S DATA ARE

Mec./s. km, km, Mc./s. km, Me./s. km, Mc./s. 8 Mc./s. 5 Mc./s. 7 Mc.[s. AVAILABLE

00 3-0 360 320 —_ —_ —_— — 4:0 14 3 1 29
01 3.2 345 310 — —_ —_ —_ 3.7 15 2 1 27
02 31 325 290 —_ — - —_ 3-4 12 1 1 27
03 2-7 275 255 - —_ —_— - (3-8) 10 1 1 27
04 2:2 310 260 —_ —_— —_ —_ 3-2 10 1 —_ 26
05 1-8 205 255 —_ — —_ -_ 3:3 9 2 —_ 25
06 4-0 255 240 —_ —_ - —_ 3-3 10 2 2 26
07 57 250 245 3-6 230 2-2 115 3-9 15 2 26
08 6-2 280 270 41 220 2:6 110 4-0 12 1 —_ 27
09 69 320 305 44 2156 2:9 110 4:0 17 7 4 30
10 8:3 375 340 45 210 3:0 110 61 1 [} 2 28
1 9-4 380 355 45 225 31 110 5-6 1 7 1 28
12 11-0 350 340 45 240 33 110 58 12 7 4 27
13 19 325 320 45 235 33 110 4:9* 9 4 2 26
14 12:2 310 300 44 225 31 110 4:8* 8 4 3 26
15 12-6 200 275 43 230 3:0 110 3-8* 4 1 —_ 26
16 12:0 275 260 4:2 230 2:4 110 6-3¢ 5 4 3 26
17 17 260 260 3-7 235 2:2 115 3-5¢ 8 3 2 26
18 10-8 255 230 —_ - — — 39 16 5 4 28
19 8:6 245 215 —_ — —_ -_ 36 18 7 3 29
20 47 270 210 - —_ - —_ 4:2 17 6 2 29
21 3-7 325 270 —_ — —_ —_ 33 18 2 1 29
22 31 355 320 —_— —_ —_ - 3:2 13 4 1 27
23 31 375 340 —_ —_ —_ — 38 19 _ — 29

*Median based on observations less than ten.
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Distribution of Thunderstorm
Days on the Land Mass of India

S. V. CHANDRASHEKHAR AIYA
College of Engincering, Poona

cipal source of interference to the

reception of radio signals at frequen-
cies below 20 Mc./s. Atmospherics are due
to thunderstorms.  Utilizing the known
physical facts about the nature of electric
discharges associated with thunderstorms,
the distribution of thunderstorm days over
the globe, and the laws of propagation, the
noise level at a place can be estimated. Such
estimates have actually been made and noise
grade maps of the world, and .nomograms
giving the strength of satisfactory signals
in the presence of noise corresponding to
different noise grades for different frequen-
cies have been prepared!. These data consti-
tute, at present, the basis for calculations in
communication engineering. Experimental
investigation in the laboratory revealed signi-
ficant differences between the observed and
estimated noise levels. When the question
was examined in detail, it was found that

NOISE due to atmospherics is the prin-

thisdiscrepancy was largely due partly to the*

scanty data on the distribution of thunder-
storm days and partly to the way in which
such data were analysed and utilized.
Restricting the scope of the work to esti-
mations of noise levels in India only, the
available thunderstorm data were examined
with a view to presenting them in a manner
most suitable to communication engineers.
The data for the oceans are given for “ light-
ning seen ”. These are, at present, being
converted into ‘“number of thunderstorm
days ” by the World Meteorological Organi-
zation by a statistical procedure. Data for
some countries from which atmospherics
may arise in India appeared to require
further scrutiny. Hence, it was decided to
analyse and present the available data for
the land mass of India only. Even this
limited information can prove very useful
for estimating the noise levels for a wide
variety of communication services within
the country. The country is divided into
regions and, in each region, average values
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are calculated by utilizing the available data
for all the stations in the region. A feature
of the work is the attempt to present on one
single map all the information required by
a communication engineer for noise estima-
tions.

Method of Brooks

The first complete picture of the thunder-
storm activity over the globe was published
by Brooks?. He presents the data by the
use of isobronts, i.e. lines of equal frequency
of thunder; the figures associated with such
isobronts being the percentage of the total
number of days in the particular period
when thunder was actually heard by an
observer located at any point on the isobront
line. While this method is most useful for
general purposes, its adoption for purposes
of noise estimations is not very convenient.
Thunderstorm data for four seasons of the
year and for the year are required. This
will require drawing five sets of isobronts and
can only be undertaken on five different
maps. Interpolation between isobronts will
have to be carried out for each set of longi-
tude limits as the time factor has also to be
taken into account. Avoiding the difficul-
ties will be a distinct advantage. The maps
require a revision anyway in view of the
more recent and more diverse information
available.

Available data and their utilization

The World Meteorological Organization3
has just published the world distribution of
thunderstorm days over land in the form of
tables. These tables give the latitude,
longitude and altitude of a place, the number
of years for which observations have been
taken and the number of thunderstorm days
for each month, each quarter and year. The
values have been obtained by arithmetical
averaging. With the limited material avail-
able and having regard to uniformity of
procedure for all stations, this was probably
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the best approach. The data are based on each ¢bserving point to a circle with a radius
10, 15 and 30 years of observations for of about 20 km. Further, it makes it ex-
Pakistan, India and Ceylon respectively. tremely improbable for the same thunder-
A thunderstorm day is defined as a local storm to be recorded by more than one
calendar day on which thunder is heard. station. These facts can prove most helpful
This requirement limits the area covered by in arriving at noise estimates. The tables
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have been prepared on the basis of the recom-
mendations approved at a joint meeting
of the World Meteorological Organization
and Comité Consultatif International de
Radio-Communication ( ITU ) held at Geneva
in 1951. In view of these facts, the data
as provided in the tables will be utilized
without modification.

The map

The land mass of India is divided into
fifteen regions as shown in the map ( Fic. 1).
Each division extends over 5° of latitude
and 5° of longitude. The resulting con-
venience, when latitudes and longitudes
are utilized as the basis of division,
needs no elaboration. Division of India
into smaller units was not possible as the
number of stations for which observations
are available is reduced to very small figures
like one or two in some cases. With this
division, it is possible to have at least six
stations for each region. In a large number
of cases, these stations are fairly uniformly
distributed over the whole region. The
values for thunderstorm days for a parti-
cular period for all the stations in the region
are added together and divided by the num-
ber of stations to get the average value for
the region. For noise estimation purposes,
such values are required for the following
four seasons and the year:

I — March, April and May

II — June, July and August
III — September, October and November
IV — December, January and February

The values are given in the map.

The number of thunderstorm days during
different seasons at most thundery regions
in India (black dots on the map) are given
in Table 1.

The number of thunderstorm days during
the different seasons in the least thundery
regions in India (circles on the map) are
given in Table 2. All figures have been
rounded off to the nearest whole numbers.

Limitations of the map

The limitations of the map are due entirely
to the limitations of the available data.
For region A the data for stations in Pakis-
tan which fall in the region have been uti-
lized. The same applies for region J. For
regions C, D and E, no data were available
for places to the north of the dotted line
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TABLE 1
STATION Lat.  Lone. THUNDERSTORM DAYS
X DURINGJ’I‘&E YEAR
I o 11 1V Total
Sibsagar 26° 59’ 94°38° 35 48 18 6 107
Krishnagar 23° 24 88°31" 31 51 23 3 108
TABLE 2
STATION Lat. Lone. THUNDERSTORM DAYS
DURING THE YEAR
s — B |
1 II 111 IV Total
Surat 21°12" 72° 50’ 1 2 2 0 4
Bhuj 23° 15" 69° 48 X 3 1 X 4
“x" indicates less than half a day.
. TABLE 3
SEASON 1 1I 111 v
Range of noise 3-03:5 3035 2:5-3:5 2:5-3-0
grade for India
which consist of the mountains, etc. Hence,

the results are based on observations at
places to the south of the dotted line. For
the region M the results are based on obser-
vations made mainly at coastal stations.
It is, therefore, probable that the actual
values should be higher. For all regions
which consist of partly of sea and partly of
land like K, M and O, data from land stations
only have been utilized and the figures are
applicable to land mass in the region only.

Conclusion

The map shows clearly that 10 per cent of
the days in the year are days of local storm
for all parts of India east of longitude 75°.
For regions I and E (parts of Bengal,
Bihar and Assam ), about 20 per cent of the
days are days of local storm. During March,
April and May about 20 per cent of the
days are days of local storm for regions N,
O, I and E. During June, July and August
about 20 per cent of the days are days of
local storm for all places in India north of
20° latitude and east of 75° longitude.

It is not the purpose of this communication
to enter into the details of noise level esti-
mations, but it is useful to point out a very
significant fact. According to the world
noise grade maps?, the limits of noise grade
assigned to different parts of India during
the four different seasons mentioned earlier
are given in Table 3.

A glance at the map is enough to show
that these figures require a revision and, in
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many cases in the upward direction by
0-5-1-0 or even 1-5 in some cases. Such a
revision will result in increasing the noise
level estimate by a factor of 2 even for the
most noisy hours of the day. The necessity
for higher powers and a larger number of
frequencies becomes obvious.
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Principles of Armour Penetration

SAMPOORAN SINGH
Defence Science Organization, Ministry of Defence, New Delhi

used as a protection against machine-
gun fire, fragments from artillery
shells and so on. In 1916, Col. Ernest
Swinton, an officer in the British Army,
proposed that a track-laying vehicle pro-
tected by iron plates could advance over
““no man’s land ”’ and in 1918 such vehicles,
known as tanks, succeeded in breaking the
German lines in an offensive at Amiens.
The introduction of tanks and armoured
fighting vehicles in the battlefield, which
may be defined as moving fortresses giving
armour protection and fire power to the
crew, gave an impetus to the fundamental
research into the mechanism of armour
penetration and applied research, i.e. the
development of new types of projectiles for
armour penetration. The conventional me-
thod of armour penetration is an armour
penetrating shot having a hardened cap
( known as A.P.C. projectile ). Early in the
World War II, new types of projectiles based
on the principle of ‘hollow or shaped
charge ” appeared almost simultaneously
in the armed forces of the major combatants.
Recently ‘‘squash head ™ projectiles have
also been introduced in the family of anti-
armour weapons.
Armour penetration is a subject of great
importance to the services for two reasons:

D URING the World War I, armour was

they want to penetrate the armour of the
enemy and they also want their own armour
not to be penetrated. The armour pene-
trating projectiles, on the basis of services
jargon, are classified as follows:

Armour penetration

| | |

APC. Shaped Squash High explo-
projectiles  charge head sive projec-
projectiles  projectiles  tiles ( frag-
ment pene-

tration )

A.P.C. projectiles

The primary function of this type of
projectiles is to penetrate the armour and do
as much damage as possible at the rear end
of the armour, This consists of a solid shot,
a penetrative cap and with or without a
ballistic cap. The shot is made of heat
treated alloy steel having a blunt nose. The
nose or the ogival head is very hard and the
hardness decreases from the ogival head to-
wards the body. The entire portion of the
shot ogive is covered by a penetrative cap,
which is made of hardened heat treated
alloy steel, either soldered or sweated to
the ogive. The ballistic cap or the wind
shield is made of mild steel or aluminium
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which reduces the air resistance in its
flight. The extent of penetration obtained
against armour plate depends upon the
relationship between the quality of the shot
and the plate. The American type of
A.P.C. shell has got a small cavity which
is filled with high explosives. The cavity
of A.P.C. shell is closed at the rear by a
heavy screwed-in base plug which is_fitted
to receive the base fuse. Such a shell
penetrates the armour and explodes inside.

Theory of penetration — The approach to
the problem is a semi-empirical one. When
such a projectile strikes a metallic target, it
exerts huge pressures —of the order of
20,000 atm. The ductility, which is defined
as the resistance to fracture, increases at a
rapid rate when the pressures reach the
neighbourhood of the pressures one is con-
cerned with here. That is why, under the
impact, the armour does not fracture but the
shot merely penetrates. There is ample
experimental evidence that penetration in a
given target depends on the kinetic energy
of the projectile at the time it strikes the
target. This energy is taken up by
the target and the result is a deep hole.
Elementary considerations indicate that the
penetration should depend on the strength
of the target, which may be taken as pro-
portional to the dynamic yield stress or
static yield stress E. Let D represent the
calibre of the projectile, m its weight, V the
striking velocity and P the penetration in
the armour plate. The resistance of the
target or the retarding force per unit area is
equal to EP/D. The principle of dimen-
sional analysis indicates that EP/D, i.e. the
force per unit area, must be equal to mV?2/D3,
i.e. the energy per unit volume. This may
be written as

mV? P\»
5 KE (]_)) ........ (1a)
where K and n are some constants. Experi-

mentally n has been found to be equal to 2.
Evans and Ubbelohde! have stated that for a
shell penetrating an armour plate

cmV?=DP» (1b)

where n is an exponent lying between 1-6
and 2 and c is a constant depending on the
type of the armour plate. The equation (1a)
is the same as equation (1b). From the
design point of view m/D? for a projectile is
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approximately constant.
equation (la) as

5 mVz D?
~A D3 KE
. ; m . .
Putting K'= J DKE ™ the above equation,
P =KVD a;ascsinis (2)

As a matter of interest to a gunner, a 90
mm. A.P.C. projectile? with a muzzle velo-
city of 2,800 ft./sec. will penetrate 4-8 in. of
armour at 1,000 yards.

The performance of an A.P.C. projectile
depends on the energy at the time when it is
about to strike a target and the weight and
calibre of a projectile are governed by the
design considerations, so that to have more
penetration by a given projectile, the
research is focussed to increase the muzzle
velocity. The hyper velocity armour pier-
cing projectiles consist of an extremely hard
core of tungsten carbide steel. The 90 mm.
hyper velocity A.P.C. projectile? (muzzle
velocity 3,350 ft./sec.) at 1,000 yards range
(terminal velocity 2,910 ft./sec.) can be
expected to penetrate about 7-8 in. of armour.

Rewriting the

Shaped charge projectiles

In World War II, weapons based on this
principle (known as hollow charge effect or
shaped charge effect or cavity effect or
Munroe effect or Neumann effect ) appeared
almost simultaneously in the armed forces
of the major combatants. The Germans
developed Panzerschreck, Panzerfaust, etc.,
the Britishers P.I.A.T. and the U.S.A. 2-:36 in.

Bazooka. Shaped charges have also been
fired from recoilless guns, e.g. 57 mm. and
75 mm. In recent years the 3-5 in. Super

Bazooka has been introduced in the services.

The principle on which these weapons are
designed is to .have a metal-lined cavity in
the war-head towards the target to be fired.
A cross-section of 3-5 in. Bazooka war-head
is shown in Fig. 1. When such a war-head
strikes a target, the inertia- fuse functions and
detonates the main explosive filling. This
gives a high velocity jet (8,000 m./sec.),
which is about 4 in. in diameter and
composed of gas and minute particles of the
metal liner, which on striking a target causes
a deep penetration.

Theory of jet formation — A fairly complete
mathematical theory of this new phenomenon



SINGH; PRINCIPLES OF ARMOUR PENETRATION

INERTIA FUSE

BOOSTER  CONICAL LINER

<.

DETONATOR -

EXPLOSIVE

OGIVE
_ STAN DOFF

F16. 1 — CROSS-SECTION OF THE WAR-HEAD OF A U.S. ARMY BAZOOKA

has been published by Birkhoff, MacDougall,
Pugh and Taylor3. When a detonation wave
sweeps from apex to base of a conical liner,
it exerts enormous pressures on the surface
of the liner, and the authors assume that
under these conditions the strength of the
liner is negligible and the metal behaves as a
perfect fluid. The effect of the detonation
wave at any element of the liner is to impart
a velocity V, which bisects the angle between
the perpendiculars to the original liner
surface and to the collapsing liner surface.
They have assumed V, to be constant from
the apex to the base of a conical liner. An
element m in the collapsing planes upon
reaching the axis divides into two elements
of masses m; ( going into the jet) and m;
( going into the slug ), which proceed along
the axis at the constant velocities V;j ( velo-
city of the jet ) and V, ( velocity of the slug )
respectively. On the basis of four indepen-
dent relations, the equations of the conser-
vation of mass, energy, momentum and
Bernoulli equation, the authors have derived
mathematical expressions for Vj, Vs, m; and
ms. The velocity of the head of the jet is of
the order of 5,000 to 10,000 m./sec. (i.e. 17 to
33 times the velocity of sound in air ); while
that of the tail end of the jet is about 2,000
m./sec. The hydrodynamic theory of col-
lapse does not explain satisfactorily the
velocity gradient in the jet, issuing of the jet

from the slug long after the collapse of the
conical liner is complete ( known as “ after
jet "’ effect ) and dependence of penetration
on standoff. The collapse of the liner at
different stages has been actually observed
by X-ray flash photography*. The jet
has been photographed® by synchronizing a
Kerr cell shutter and exploding a wire light
source with the phenomenon. The jet
appears to consist of a large number of high
speed particles travelling nearly parallel to
the jet and vaporizing continuously by their
rapid passage through air. :
Recently Pugh, Eichelberger and Ros-
toker® have extended the above steady state
hydrodynamic theory by assuming that the
impulse per unit mass given by the detona-
tion wave to the liner is not constant, so the
collapse velocities V, decreases continuously
from the apex to the base. The rate of
decrease is very gradual newr the apex tut
becomes much more rapid near the bace.
This change in V, results in increase of §
from apex to base, where 8 represents the
angle which the collapsing surface makes
with the axis of the conical liner. An
increase in B results in the decrease of jet
velocity and increase in the proportion of
the liner going into the jet. They have
modified the mathematical expressions of
velocities of jet V; and slug Vs and masses
of metal going into jet dmj and slug dms
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and have also derived another expression
connecting the half angle of collapse g with
other parameters. The jet velocity de-
creases both when the collapse velocity
decreases and the angle f increases, hence a
small gradient in V, produces a large gra-
dient in Vj. The last formed jet element
and slug element travel with the same
velocity and due to the velocity gradient
there is lengthening of jet, hence the illusion
of ‘“after jet”. Eichelberger and Pugh’
have also shown that in the jet formed from
a 44° mild steel conical liner, there is a uni-
form distribution of mass and a linear gra-
dient of velocity.

The plug in the case of a conical liner® has
the lowest velocity and is at the rear of the
jet, whereas with a hemispherical liner®, it
travels at the head of the jet with momentum
obtained at the expense of the smaller
fragments. The hydrodynamic theory of
the collapse of a hemispherical liner or other
shapes has not been developed so far.

Recently Koski, Lucy, Shreffler and Wil-
lig!® obtained fast jets from the collapse of
cylindrical liners. As the weight of metal
in the jet was too less, so these were pro-
duced in an evacuated space to prevent
slowing down by air. The jet exhibited
two different components — fast light jet
(called fast jet having velocity 21,000
m./sec.) which was unable to break the end
of the glass tube, and a more massive jet
(called penetrating jet having velocity
16,000 m./sec.) which broke the glass tube
quite readily. The hydrodynamic theory of
jet formation by a plane detonation wave
was extended by the authors so as to take
into account a plane converging detonation
wave. This modified theory did not explain
the velocity of the fast jet but explained
satisfactorily the velocity of the penetrating
jet. Various experiments, including time-
resolved spectrographic observations, showed
the jet to be, at least in part, of a gaseous
nature. A beryllium cylinder on collapse
gave a jet ( obtained in an evacuated system )
which had a velocity of 90,000 m./sec. A
correlation of the maximum observed jet
velocity versus atomic weight for a number
of materials was suggested.

More recently Walsh, Shrefler and Wil-
lig!t proposed a jetless model for collisions
in which the angle between the colliding
surfaces is smaller than a certain critical
angle. Jetless and jet-forming collisions in
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case of dural (94 per cent Al), mild steel,
brass (67 per cent Cu+ 33 per cent Zn)
and lead plates were observed by firing these
with high explosives and recording their
impact with a high speed smear camera.

Theory of penetration — When a high
velocity jet impinges upon a target it exerts
a pressure of a quarter million atmospheres.
The target material acts as a plastic mass
and moves radially. Birkhoff e al.? have
assumed the strength of the target to be
negligible as compared to the pressures
exerted by the jet and have derived a mathe-
matical relation connecting the penetration
P to the jet characteristics.

P=LVXpi/prevveeuee..(d)

where L represents the constant length of
the jet, \p; its mass per unit volume and p,
the density of the target. )\ is a parameter
which depends upon the nature of the jet
and equals one for a fluid jet and two for a
fragment jet. The depth of penetration
into a given target is independent of the
velocity of the jet. The theory does not
explain some experimental observations, e.g.
the difference of penetration in armour and
mild steel, penetration in lead and depen-
dence of penetration on standoff.

Pack and Evans'%13 have taken the
strength of the target into consideration and
have concluded that

P = L y/Apips (1—kR)+r ... (4
where k is some empirical factor depending
on the properties of the jet and the density
of the target, and R is proportional to the
initial yield stress of the target material.
When the whole of the jet is used up by the
target, even then the crater continues to
deepen until the residual energy of the
target is used up, and the authors have
denoted it as secondary penetration r and
have assumed it to be equal to the radius
of the crater ( measured near the bottom of
the crater). They have defined P as the
total penetration, the quantity L./Apj/p.
as the elementary penetration and L+/Ap;/p,
(1—kR) as the primary penetration.

The velocity gradient along the jet is
responsible for its lengthening and the
change of its effective density as it travels.
Recently Singh!* has given an explicit ex-
pression for the length of jet. Very recently
Singh®® has also discussed the target pene-
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tration by a jet when account is taken of the
velocity gradient, the elongation of the jet
and also the strength of the target. The
increase in penetration with increase of
standoff ( say, below four times the calibre )
has been quantitatively explained. When
the head of the jet is penetrating, the primary
penetration depends only on the jet charac-
teristics; on the other hand, when the tail
end is penetrating, the primary penetration
depends on the jet characteristics and the
target strength. The kinetic energy of the
jet, increment in volume of the hole as it
penetrates a target and its momentum have
also been discussed. Recently Kothari and
Singh!® have described the fragmentation of
an “ inverted "’ conical liner and the possible
bearing of the result on Pugh’s theory of jet
formation is also discussed. By firing an
“inverted ” conical liner, fragmentation
pattern on a mild steel *“ witness plate "’ has
been obtained. From the dimensions of the
pattern, the values of the velocities of col-
lapse have been calculated which agree ( to
order of magnitude) with those of Eichel-
berger and Pugh’.

It is well known that spinning of a
shaped charge reduces its penetration con-
siderably. Basset and Basset!” have attri-
buted this loss of penetration to the pres-
sures produced by centrifugal forces. Re-
cently Singh!® has explained the loss of
penetration by a rotating shaped charge on
the basis that when such an equipment
rotates, it imparts an angular velocity to the
jet resulting in the increase of its cross-
sectional area. A relation is given con-
necting penetration and speed of rotation
taking into account the velocity gradient in
the jet, the standoff distance and the strength
of the target. The effect of standoff distance
on the performance of rotating shaped
charge and the profiles of holes at different
rotations are also discussed.

The small size rifle grenade M9A1 pene-
trates 3 in. of homogeneous armour. The
35 in. Super Bazooka penetrates about 11
in. of armour. The M9A1 rifle grenade and
the Bazooka rocket are fin stabilized in
flight. The spin stabilized 57 mm. rifle HE,
AT projectile penetrates about 3-5 in. of
armour.

Recently Singh!® has shown that the
penetration and the calibre are linearly
related. The penetration increases with
the decrease of the angle of the copper and

mild steel liners. Copper liner gives more
penetration and less entry diameter than
that of mild steel.

Squash head projectiles

When a squash head projectile strikes the
armour at right angles, the explosive is
spread or squashed over an area on the
outside of the armour and then it detonates.
A chunk of metal from the other side of the
armour flies at a tremendous speed, which
does damage inside the tank without any
apparent damage to the interior of the
armour. This fracturing of metal near
one of its free surfaces which is far removed
from the area of the application of pressure
is called scabbing or spalling.

Mechanism of scabbing — The travel of
pressure ( or stress ) impulse in metals which
are produced on detonating an explosive in
contact with the metal has been discussed
by Hopkinson®. The principle underlying
the damage to a target by such a pres-
sure impulse has been published by Rine-
hart21,

When a small explosive charge which is in
contact with a mild steel or armour plate
detonates, it sets up a transient compres-
sional stress wave in the plate ( Fic. 2).
This wave travels without change of type so
long as elasticity is perfect and at any other
instant the same curve will be shifted to the
right by a distance proportional to the time
elapsed. When the stress wave strikes the
free (right) boundary of the plate, it will
be reflected as a tension wave. This comes
back with the same velocity as the pressure
wave and the state of strain in the rod
subsequently is to be determined by adding
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F1G. 2 — MANNER IN WHICH THE INCIDENT AND THE
REFLECTED WAVES INTERFERE
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the effects of the direct and the reflected
wave.

Now suppose that the rod or the plate is
divided at MN near the free end and both
faces are in firm contact. The rod or plate
at MN has no strength in tension but will
transmit a compressional stress wave without
change. Suppose now that a transient
compressional stress wave is moving towards
the right through C. It will enter un-
changed into D but on reaching the free
(right) surface of D, will be reflected
as a tension wave. When the thickness
of D is greater than one-half the wave-
length )\’ of the stress wave, it is apparent
that, when the return wave reaches the
interface between C and D, plate D will
fly off to the right with all the momen-
tum trapped in it. Plate C will remain at
rest.

The velocity of the stress wave in steel is
217,000 in./sec. So 1 in. of the rod will
represent 1/217,000 sec. The momentum of
the rod is a measure of-the stress-time curve.
In case the thickness of D is greater than
one-half the wavelength of the stress wave,
the momentum possessed by D will be the
total area under the stress-time curve.
When the thickness of D is made less than
1\’, only a part of the momentum will be
trapped in D, the remainder will not get
out of C provided the wave has a sharp front.
The momentum M, trapped in D will be
given by

where T is length of time it takes the wave
to travel across D and back again and o (t)
is the stress as a function of time. Experi-
mentally D is made initially very thin, and
then its thickness is increased by steps, up
to and beyond the point where its momentum
reaches a constant value. By measuring the
momentum of the plate D in each case the
stress-time curve can be deduced. This is
the principle underlying the Hopkinson
pressure bar test.

Rinehart?! has measured the velocities of
the flying pieces instead of measuring
momentum. Let 1;, 1,, etc., be the thickness
of the pellets used. In Fig. 3, OL,=2l,,
OL,=2l,, etc., and the other ordinate re-
presents the measured velocities V,, V,, etc.
Let v,, v,, etc., represent the increments of
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F16. 3 — METHOD OF CALCULATING PARTICLE VELO-
CITY DISTRIBUTION

velocity and the ordinate v; for a particular
increment is

v _ ViLi=Vi-1 Liy
v Li—Li—;

where i=1, 2, 3, etc.

This curve represents the change in velo-
city and the length of the plate. It can be
easily transformed into a stress-time curve by
change of scale.

Ordinate ¢=p C v
Abscissa t=L/C

where ¢ represents the pressure ( or stress),
v the particle velocity, p the density of the
material and C the velocity of the wave.
Thus the pressure-time curve on the surface
of a plate due to the application of pressure
of high intensity at the other end can be
drawn by fixing small pellets to one side of
the plate and measuring their velocities.
This ot curve can be assumed to be
substantially the same within the material
between the two faces of the plate.

In the light of the above discussions, let us
examine how scabbing occurs on the face of a
plate which is subjected to a very high
pressure by detonating a small quantity of
explosive touching one face of the plate.
The tension is seen to increase as the re-
flected wave moves to the left. At some
particular point, the metal may no longer
be able to support the tension. It then
fractures, and a scab of thickness 3 flies off.
The tension under which the material frac-
tures will be referred to as the critical normal
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stress o, of the material. Scabbing should
occur: (a) when the maximum value of the
stress within the wave exceeds o, and
should never occur when this is not the case;
(b) the thickness of the scab ought to be
equal to one-half the distance within the
wave that corresponds to a decrease in
stress equal to oc.

Let o, be the maximum stress and o(x,)
be the stress at a distance x, in the stress
distance curve. If go—o(X,) =0, then the
plate will scab and the thickness of the
scab 3 is equal to x,/2.

Rinehart?2 has also discussed that when an
explosive cartridge detonates on the surface
of a steel plate, there is a depression or crater
whose area corresponds roughly to the area
of the base of the explosive charge. The
crater is nearly conical with almost straight
sides.

Recently Rinehart?® has shown “ multi-
ple scabbing ”, i.e. several parallel scabs
generated within a single plate. The first
scab of thickness 3§,(8;=x,/2) is formed
when o,—o(x;) =0c. After the removal
of the first scab, the remainder of the wave
will find itself impinging on a freshly created
boundary surface and the plate will scab
again when o(x,) —o(x;) =0.. The thickness
of the second scab 3, will be (x,—x,)/2. The
foregoing process will repeat itself until the
stress level of the wave falls to a value less
than g.. The number of scabs that will be
formed will be equal to the first whole num-
ber smaller than the quotient oo/oc. The
relative thicknesses of the several scabs is
found to be governed by the shape of the
stress wave.

‘

Penetration by fragments

When a shell or a bomb strikes a target, the
fuse functions and the filling detonates. The
case is subjected initially to an extremely high
pressure from the gaseous products of deto-
nation, the peak pressure is in the neighbour-
hood of 4,000,000 1b./sq. in. and the duration
of pressure is believed to be of the order of a
few milliseconds®. If the case is made up
of ductile materials such as steel, there is
plastic expansion?%%5, to the extent of 50
per cent (i.e. the cylinder expands radially
and the inside diameter increases by 50
per cent) and then fractures into long thin
fragments by a combination of shear and
cleavage type fracture. The energy required
to break the bomb case is a negligible part of

total energy of the explosive. The velocity
with which the cylindrical body moves out-
wards is nearly equal to the final velocity
with which the fragments are projected.
Mott?® has defined the fragmentation of a
shell body as ‘* the tearing apart of a rapidly
expanding tube when the material of the tube
reaches the limit of its ductility”. Conical
surfaces of fracture generated in thick-
walled cylinders have been discussed by
Rinehart and Pearson?.

These fragments travel on all sides and
strike a target. The initial velocity of bomb
fragments varies from 1,200 to 2,100 m. /sec.?.
After a distance of 15 m., the velocity of
fragments is of the order of 750 to 1,500 m./
sec. Evans and Ubbelohde! have stated
that the penetration by a fragment is a func-
tion of the momentum per unit area, i.e.

,mV
P=CW emn T 0o A

where P is the penetration, m the weight of
fragment, V the velocity at the time of
striking the target, D the calibre and C' is a
constant depending on the target material.
Shape and size of fragments also determine
the depth of penetration in a given medium.

The chances of a fragment penetrating
thick armour of a tank is very remote and as
such high explosive projectiles are used as
anti-personal.
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Aluminium Industry in India

A. L. SABHARWAL
Indian Aluminium Co. Ltd., Calcutta

tries, aluminium is now fairly well

established in India. The industry
has made some significant advance in the last
decade. Production has been on the increase
since 1947 as indicated by the figures* given
below:

A MONG the non-ferrous metal indus-

Year Tons
1946 3,236
1947 3,215
1948 3,362
1949 3,490
1950 3,596
1951 3,849
1952 3,566
1953 3,758

The country as a whole, however, still
remains deficient in the metal. At present
the greater part of India’s domestic con-
sumption of 12,000 tons a year (in all forms)
has to be imported. The main drawback
in the way of increasing production has
been the limited supply of cheap power.

In view of the expanding market for
aluminium in the domestic and industrial
spheres, the Government of India have
formulated an expansion programme for the

*J. Industry & Trade, 5 (1954), 672.
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industry. On the eve of the First Five-Year
Plan period (1951), the installed capacity
of the two reduction works in India, the
Alupuram Works of the Indian Aluminium
Co. Ltd. and Jaykaynagar Works of Alu-
minium Corporation was 2,500 and 1,500 tons
respectively. The Planning Commission has
recommended that the production capacity
of primary aluminium be raised to 20,000
tons per annum. This is to be achieved by
expanding each of the existing plants to 5,000
tons and putting up a third 10,000 ton
smelter at Hirakud in Orissa. The expan-
sion of the existing plants is in progress and
by the end of the current year it is expected
that the capacities of the Alupuram and
Jaykaynagar Works will have increased to
5,000 and 2,500 tons respectively.

In a previous articlet it was stated that
an aluminium works was under construction
on a site at Muri Junction in Bihar. This
plant has since been completed and went
into production in 1948. The Indian Alu-
minium Co. Ltd., which owns and operates
this plant, also started regular mining ope-
rations at Lohardaga in Bihar in 1948, thus
achieving integrated production of alumin-
ium at all its stages.

1J. sci. industr. Res., 4 (1946 ), 678.
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With the increase in the production of
primary metal, the rolling capacity in the
country is also expected to increase. Before
the end of 1954 the capacity of the Belur
rolling mills of the Indian Aluminium Co.
Ltd. will have increased to 7,000 tons per
annum. The mill will also be capable of
rolling certain sizes and gauges not hitherto
produced in India, as well as almost all types
of alloy sheets including heat-treatable alloys.
The Aluminium Corporation has also plans
to increase its rolling capacity during the
year to 3,000 tons per annum.

During the period under review, an alu-
minium foil rolling plant was started by
Venesta Ltd. at Kamarhatty near Calcutta
and considerable progress was made. Venes-
ta Ltd., formerly rollers of lead, converted
their machinery into that for rolling of
aluminium foil for tea chest linings and
general packaging. At the beginning of
1953 they brought into operation a modern
4 ft. high, light-gauge, foil rolling mill to-
gether with sufficient reeling and interleafing
capacity to manufacture cigarette and other
types of foil. Further expansion of this
mill is under consideration and India will,
in the near future, be more or less self-
sufficient in the production of this important
commodity.

In addition to the above rolling mills there
is a large number of small rolling mills in
India, with a total estimated capacity of
6,000 tons, manufacturing semi-fabricated
products almost entirely from scrap which is
freely available. These products, though of
inferior quality, offer serious competition
to the organized industry because of their
low price.

The Indian Aluminium Co. Ltd. put into
commission at the end of 1951 a modern
powder and paste plant at Kalwa ( Bombay ).
The plant has an annual capacity of 500 tons
of aluminium powder and 250 tons of paste,
which is sufficient to meet the country’s
current demand. The paste constitutes the
pigment for aluminium paint which is widely
used for its protective, heat-resisting and
decorative qualities.

Another significant development is the
production of extrusions which, at the
present time, are entirely imported. The
Indian Aluminium Company has been
licensed to install a modern high-speed
extrusion press adjacent to the smelter at
Alwaye ( Travancore-Cochin ). The plant is

expected to be commissioned by the end of
1954. The annual capacity of the extrusion
plant will be 1,000 tons.

The previous article referred to plans for
the installation of a plant in South India for
the production of aluminium cable for elec-
tric transmission lines. This plant, owned
by Aluminium Industries Ltd., Kundara
( Travancore-Cochin ), has achieved remark-
able results in furthering the use of alu-
minium conductors in place of solid copper
conductors. At present Aluminium Indus-
tries Ltd. are importing aluminium rods for
their requirements. They are now expand-
ing their plant by installing a rod mill so that
in future they will require only ingots. The
Indian Cable Co. at Tatanagar have also
decided to make aluminium cables and are
installing a rod mill to supplement their
stranding capacity. The total capacity of
these two companies will be 8,000 tons per
annum, which will, for the first time, cover
the country’s entire requirements of cables.
The Indian Aluminium Co. Ltd. will be
producing conductor grade metal when their
Alwaye plant is expanded and will be able
to meet, in part, requirements of this im-
portant industry.

As mentioned earlier, the Planning Com-
mission has recommended the establishment
of a new smelter with an initial capacity to
manufacture 10,000 tons of virgin aluminium
per year and capable of easy expansion to
20,000 tons, in the Hirakud area. This is
to be done under the aegis of Indian Alu-
minium Co. Ltd. The Hirakud plant is
intended to make the country self-sufficient
in aluminium, at least for the next few
years.

The above review will show that during
the last seven years there has been a subs-
tantial development in both primary and
semi-fabricating stages of the aluminium
industry in India. This progress is all the
more remarkable in view of the serious set-
backs that the industry had to face in the
last few years. In the first place, the main
market for aluminium in the country, i.e.
the utensil industry, was faced with a tre-
mendous slump. Consumers reduced their
requirements considerably and also reduced
their stocks which were never large. This
reduced the demand for aluminium on the
primary producers to a mere trickle. At the
same time, imports from abroad and com-
petition from country rollers using scrap
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“added to the burden of the primary pro-
ducers, who were obliged to locate new
markets at very short notice. A certain
amount of conservatism on the part of
potentially important consumers of the metal
in several fields, notably transportation, had
delayed this accomplishment. However, the

present difficulties are of a transitionary
character and while the major portion of
aluminium is still destined for the utensil
market, an increasing proportion is finding
new industrial applications. The future of
the aluminium industry in India, therefore,
remains optimistic.

Preparation of Concentrated
Pyrethrum Extract

I. C. CHOPRA, K. L. HANDA & VIDYASAGAR
PRABHAKAR

Drug Research Laboratory, Jammu

HE cultivation of pyrethrum in Kash-
T mir State was started by the Forest
Department about ten years ago and
during World War II the whole produce was
supplied to the Government of India. Con-
siderable amount of work to establish this
exotic in the State and to produce a crop of
standard quality has been done during these
years. Such important aspects as proper
time of collection, the optimum altitude for
its cultivation, methods of drying and effect
of storage on the pyrethrine content of the
flowers have all been carefully worked out!2.
As a result of tribal raids on the State in
1947 and later on due to acute food shortage,
most of the pyrethrum plantations were
entirely neglected and the land under them
was brought under food crops. This prac-
tically put an end to the pyrethrum culti-
vation. On account of its great utility as
an insecticide its cultivation on large scale
has been revived recently and it is hoped
that in the near future large quantities of
pyrethrum flowers will be made available
for the preparation of a large variety of in-
secticidal preparations for agricultural and
veterinary use as well as household sprays
and powders.

Investigations were undertaken in this
laboratory to evolve a process for the prepa-
ration of concentrated extracts of pyrethrum
flowers from which ordinary commercial pre-
parations for ready use could be prepared for
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the market. As a result of these investiga-
tions a process has been evolved which is
based on the use of a petroleum fraction
called “ solvent oil ” ( boiling range 60°-
145°C.).  This solvent is being produced
in India at present and is available in suffi-
cient quantities. Extracts containing 15-20
per cent of pyrethrines have been prepared
with this solvent.

Siddiqui and co-workers® also evolved a
process for the manufacture of concentrated
pyrethrum extracts using a mixture of kero-
sene, alcohol and acetone as solvent for
extraction. The process was tried in our
laboratory but it was observed that it gave
extracts which contained large quantities
of chlorophyll and inert material, and did
not contain more than 5-6 per cent of pyre-
thrines. '

It is well known that different solvents
remove different quantities of extractive
material from pyrethrum flowers. For the
preparation of concentrated extracts of
pyrethrum, it is essential to use a solvent
which removes pyrethrines completely and
at the same time extracts less of the inactive
material. Itwas, therefore, thought desirable
to determine the amount of extractives
obtained with different solvents from local
flowers. A number of solvents were tried
and flowers containing 0-91 per cent of
pyrethrines were used for this purpose.
After extraction the solvent was evaporated
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and the residue weighed to a constant weight.
The percentage of pyrethrines in the ex-
tracts employing different solvents are given
in Table 1.

From the results given in Table 1, it
appears that benzene, carbon tetrachloride,
petroleum ether, ethylene dichloride and
solvent oil extract less of inactive material
and can be considered for the large-scale
extraction of pyrethrum. Of these solvents,
carbon tetrachloride, ethylene dichloride,
ether and petroleum ether cannot be used
for large-scale extraction because of their
high cost and non-availability in India in
sufficient quantities. Benzene can be con-
sidered but its use is not advisable because
of its toxic effects on the workers. Solvent
oil appears to be the most suitable solvent
for large-scale commercial extraction in this
country.

Powdered pyrethrum flowers containing
0-91 per cent pyrethrines were percolated
(3 times) with solvent oil. The first
percolate was kept separately; the second
and third percolates were used for percolat-
ing further quantities of flowers. In three
percolations 92-95 per cent of pyrethrines
were extracted.

The solvent from the first percolate was
distilled off, first at ordinary pressure and
then under vacuum. The concentrated ex-
tract thus obtained was found to contain
10-12 per cent of pyrethrines. It was
observed that this extract on standing
deposited resinous material and was, there-
fore, further processed to yield an extract
containing 15-20 per cent of pyrethrines.
The extract obtained is a yellow-coloured
mobile liquid which is easily miscible with
kerosene oil. Fifteen, 10 and 2 per cent
extracts were prepared by the above method

TABLE 1
SOLVENT ExtrAC-  PYRE- EXTRAC-  PYRE-
TION AT  THRINE  TION AT  THRINE
ROOM CONTENT BOILING CONTENT
TEMP, % POINT %
% %
Ethyl alcohol 23-0 4-3 25-0 36
Acetone 9-9 9-1 10-4 8:6
Benzene 5.7 15-7 6-8 13-2
Chloroform 74 12-1 10:0 9-0
Carbon tetrachloride 56 16-1 5-8 155
Petroleum ether 4:0 22-5 5-7 15-7
Ether 5-9 15-2 61 147
Ethylene dichloride 6:1 14-7 71 12-7
Solvent oil ( boiling 4-3 20-9 —_ —

range, 60°-145°)

and kept under observation for one year.
The stored samples were analysed at inter-
vals of two months. It was observed that
the extracts containing 15 and 10 per cent
pyrethrines showed deterioration during stor-
age while the 2 per cent extract showed
no appreciable deterioration. A stable non-
greasy and anti-mosquito cream containing
0-2 per cent pyrethrines was also prepared
from this extract. This cream, when applied
as a thin film to exposed skin surfaces,
affords almost complete protection against
mosquito bites for 4-5 hr.
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Electrochemical Processes &
Their Applications to Indian
Industry—A Symposium

SYMPOSIUM on ‘ Electrochemical
A Processes & Their Applications to

Indian Industry ” was held under the
auspices of the Council of Scientific & Indus-
trial Research in the Central Electro-Chemical
Research Institute, Karaikudi (C.E.R.L),
on 27-28 March 1954. Forty delegates from
different parts of the country, drawn both
from industry and research laboratories,
participated in the symposium. The sympo-
sium was inaugurated by Sir S. V. Rama-
murthi. Dr. B. B. Dey, Director, C.E.R.I.,
welcomed the delegates.

Four technical sessions were held: (1)
Electrometallurgy and Electrothermal Pro-
cesses; (2) Electrolytic Processes, Inorganic
and Organic; (3) Batteries, Electrodeposition
and Electropolishing; (4) Miscellaneous, in-
cluding papers on analytical methods and
electric discharges. Fifty-one papers were
presented.

The papers presented at the symposium
bring out the importance that is being given
to electrochemical research in various re-
search institutions in the country, and the
useful work that is being carried out in dif-
ferent national laboratories, research insti-
tutions and industrial establishments. The
Central Electro-Chemical Research Institute
should be congratulated in bringing together
research workers from various laboratories
and industrial establishments and providing

an opportunity to discuss problems of com-
" mon interest and plan future lines of research.

Electrometallurgy and electrothermal pro-
cesses— Mr. E. H. Bucknall, Director,
National Metallurgical Laboratory, presented
a paper reviewing the present position and
the future of electrometallurgy in India. A
critical survey of India’s ore resources was
made and the possibilities of their exploita-
tion and export were discussed. Following
this, four papers from the Central Electro-
Chemical Research Institute were presented:
(1) on the electrolytic production of manga-
nese from low grade ores, (2) extraction of
titanium by the electrolysis of fused salts,
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(3) electrolytic recovery of lead and anti-
mony from battery wastes and (4) reclamation
of aluminium from scrap. Two papers were
presented on the manufacture of calcium car-
bide; one was a review of electrothermic
processes in general with special reference
to the production of calcium carbide (S. L.
CHAWLA ) and the other on the utilization
of the lignite deposits of Neiveli ( South
Arcot ) for the production of calcium carbide
(A. Jocarao and A. SREENIVAs). The
session concluded with the presentation of
papers on the electric smelting of pig iron at
Bhadravathi (C. MUNIKRISHNA ), applica-
tions of electricity to heating and continuous
production type tunnel furnaces (B. By-
sAKH ), and the manufacture of ferrochrome
for the direct preparation of chrome liquors
(S. K. BARAT).

Electrolytic processes — Six papers were
presented on the use of rotating electrodes
in electrolytic reactions by workers in the
CERI. H. V. K. Udupa and B. B. Dey
discussed the general aspects and explained
the practical implications of the use of
rotating electrodes. With rotating elec-
trodes, the application of higher current
densities becomes possible without the risk
of undesired side reactions, and, therefore,
high capacity cell units can be used result-
ing in the saving of floor space and initial
investments. The remaining papers des-
cribed the successful use of rotating elec-
trodes in the electrolytic preparation of
chlorates, cuprous oxide, ammonium per-
sulphate, calcium gluconate and p-amino-
phenol.

A paper on the electrolytic oxidation of
organic compounds on the surface of porous
carbon tubes as electrodes was contributed
by J. C. Ghosh and S. K. Bhattacharyya,
followed by papers on the electrochemical
preparation of hydroxylamine from nitric
acid (D. Ramaswami) and the electroche-
mical preparation of sodium hydrosulphite
(C. C. PaTEL and M. R. A. Rao). Two
papers on the manufacture and the stabiliza-
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tion and marketing of hydrogen peroxide
were read by K. Seshadri. Work done in the
C.E.R.L on the production of heavy water
and the electrolysis of sodium sulphate was
described in the next two papers, and the
session concluded with papers on the opera-
tion of Hooker type “S” caustic-chlorine
cells ( N. KaLyanaMm ) and the factors affect-
ing power efficiency in diaphragm alkali-
chlorine cells ( N. S. SHIVARAMAN ).
Batleries, electrodeposition and electroplat-
ing — J. P. Mehrotra of the Indian Standards
Institution explained the organization of the
Indian Standards Institution and the pro-
gress made in the formulation of national
standards in two of the industries in which
electrochemical processes are involved,
namely the batteries industry and the
electroplating industry. In the next paper
S. Ghosh made a survey of the battery
manufacturing industry in India and com-
pared the standards adopted in India with
those in other countries. A simple and
cheap H.T. battery for radiosonde work was
described by B. B. Huddar. V. Arava-
muthan and B. B. Dey described a new
primary wet cell giving continuous current
drains of the order of 0-65 amp. at 1-2-0-8 V.,
developed in C.E.R.I. T. Banerjee of the
National Metallurgical Laboratory then read
two papers on electrolytic alloys, one on the
structure of alloys electrodeposited at cons-
tant potential and the other on alloy plating
on an industrial scale. T. L. Ramachar and
V. Mathur of the Indian Institute of Science,
Bangalore, described a sulphate bath for
cadmium-zinc alloy plating and workers
from C.E.R.I. described a bath containing
copper sulphate, glycerine and sodium zincate
for the deposition of brass. Electroplating
on light metals was reviewed in a paper by
D. S. Tandon and T. Banerjee who also read
a paper describing some experiments on
plating on aluminium using an iron inter-
layer. A paper by J. Vaid and T. L. Rama-
char on the use of the pyrophosphate bath
for tin plating followed next and S. Rama-
chandran and co-workers described the work

on the hard chromium plating of internal
combustion engine piston rings carried out
in CE.R.I. A paper on the production of
anodic insoluble higher oxides with special
reference to manganese dioxide was pre-
sented by H. K. Chakravarti and T. Baner-
jee. The anodization of aluminium formed
the subject of two papers. A. C. Dutt and
B. K. Choudhuri discussed some of the
operation variables in the anodizing process
for reflector grade aluminium. A. Jogarao
and B. A. Shenoy described the production
of anodized films on aluminium for photo-
printing. The last paper presented was on
the electropolishing of brass by D. R. Dhingra,
M. G. Gupta and G. C. Joshi.

Miscellaneous — A paper by G. D. Jogle-
kar and Daneswar Sen ( National Physical
Laboratory ) dealt with the various indus-
tries using carbon products, the imports of
carbon electrodes in the country, the raw
materials and equipment required and the
process of manufacture of carbon electrodes
and its economics.

K. Chakraborty and T. Banerjee des-
cribed an electrolytic method for the removal
of zinc from silver refinery waste liquor and
its subsequent utilization for nickel plating.

The estimation of boric acid in the pre-
sence of nickel salts using potassium oxalate
as complexing agent was described in a paper
by M. R. Verma and K. C. Agarwal.

Recent work on the behaviour of poly-
electrolytes was reviewed in a paper by Dr.
S. R. Palit. Some interesting new findings
in the electrochemistry of aqueous solutions
and interfaces were described in a paper by
K. S. G. Doss and the inhibition of corrosion
of metals was discussed in another by S. C.
Shome. The two papers that followed con-
cerned studies on electric discharge in gases;
dielectric breakdown in ozonizer discharge
was considered in a paper from A. Ramiah.
A. Jogarao and A. R. Papa reported studies
on the influence of electric discharge on
formaldehyde vapour. The last paper pre-
sented described work done in C.E.R.I. on
the electrodeposition of rubber.
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THE ELEMENTS OF NUCLEAR REACTOR
THEORY, by Samuel Glasstone & Milton C.
Edlund ( Macmillan & Co. Ltd., London ),
1953, pp. vii + 416. Price 35s.

The present book provides the first compre-
hensive account of one of the most important
fields in nuclear theory and application.
The book has been prepared under the aus-
pices of the U.S. Atomic Energy Commission.
Gordon Dean, the then Chairman of the
A.E.C., says in his foreword: ““ The text pre-
pared by these men ( Glasstone and Edlund )
has been reviewed by a number of scientists
and engineers within the atomic energy
program. ... The Atomic Energy Commis-
sion takes pride in offering this book as an
aid to further education and training in the
field of nuclear science.”

The book is intended to serve as an intro-
duction to nuclear reactor theory, and is an
enlarged and revised version of the lectures
given by Dr. Edlund at the Oak Ridge School
of Reactor Technology. The early chapters
deal with such fundamentals of nuclear
physics as are essential to an understanding
of the working of reactors.

The first chapter is concerned with stabi-
lity and structure of nuclei. The second
deals with nuclear reactions. The produc-
tion and reaction of neutrons are considered
in the third chapter. This chapter also
gives a descriptive account of Breit Wigner
theory. Chapter IV deals with fission pro-
cess. The proper nuclear reactor theory
begins with chapter V. It is concerned with
the diffusion of nucleons. The fundamental
diffusion equation is established, and its
solution and applications are discussed.
This chapter would also be of interest to
astrophysicists interested in the study and
the flow of radiation in stellar interiors.
The problem of slowing down of neutrons
due to collisions with the nuclei of moderator
is taken up in chapter VI. Chapters VII
and VIII deal respectively with the bare
homogeneous thermal reactor and the homo-
geneous reactor with reflector. The theory
of heterogeneous ( natural uranium ) reactors
is taken up in chapter IX, and the next
chapter describes the time behaviour of a
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bare thermal reactor. The remaining four
chapters deal with reactor control, the theory
of homogeneous multiplying systems, per-

_ turbation theory and transport theory of

neutron diffusion.

The book would be of considerable interest
and usefulness not only to one particularly
interested in reactor theory, but also to physi-
cists and engineers having a general interest
in nuclear physics. ( Incidentally it may be
mentioned that the book does not deal with
the theory of breeder-type reactors.) The
treatment in the book is very often mathe-
matical, but the exposition is always lucid
and most readable. This is as one would
expect from an author of Dr. Glasstone’s
authority and eminence. The book is a
most welcome and valuable addition to the
literature in nuclear theory.

D. S. KoTHARI

INTRODUCTION TO A STUDY OF MECHANICAL
ViBRATION, by W. G. Van Santen ( Philips
Technical Library, N. V. Philips Gloeilam-
penfabrieken, Eindhoven), 1953, pp. xvi+
296

As a result of long experience in the manu-

facture of electronic instruments, the Philips

have taken another step forward in bringing
out this volume in an effort to popularize the
methods of application of the several types of

Philips electrical instruments which have

found use in many scientific laboratories and

industries all over the world.

This book presents the basic theory and
experimental analysis of mechanical vibra-
tions in a manner that is neither too ele-
mentary nor too advanced. The funda-
mental principles explained can be applied
with ease to vibration problems which are
commonly encountered by engineers and
scientists.

Divided into 22 chapters, the book first
deals with the definitions and other funda-
mental conceptions such as steady state
vibration of systems of one degree of freedom,
which are essential for an analytical approach
to any problem in vibration engineering.
Analogies between mechanical and electrical
oscillations have been given bringing out
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their physical concepts and the consequent
advantage of using such models for vibra-
tion analysis.

After dealing with the application of the
theory to the system of several degrees of
freedom vibration, the author has discussed
the theory of isolation and absorption, and
damping with examples. The chapters on
propagation of vibrations, some special
vibration phenomena and detrimental effects
of vibration give the reader a clear idea of
mechanical vibrations, why they are dan-
gerous and how they can be avoided.

In many vibration problems it is normally
difficult to arrive at the correct practical
approach and to suggest remedies. Even
if a course is decided upon, it would be
difficult to choose proper instruments for
analysis, as each problem in vibration
engineering requires a separate line of ap-
proach, elaborate instrumentation and finally
a good amount of mathematical computation.
The chapter giving some practical hints on
vibration measurement is very useful for the
technician and the research worker for it
suggests the general lines of approach to the
solution of many problems and for selection
of proper instruments. As a prelude to this
most important and wuseful chapter the
author has briefly explained the theory
behind a variety of vibration pick-ups and
accessories built by Philips.

While dealing with sound and other wave
phenomena subjects like sound proofing,
seismology, gas vibrations, etc., have been
explained briefly. In modern times, these
aspects are gaining more importance and,
therefore, require to be dealt with at length.
Besides, the problems of ground vibrations
and structural and foundation vibrations
due to blasts, traffic, working of industrial
plants are not discussed in the book. A
chapter on calibration of vibration instru-
ments would have been useful. No reference
is made to the analysis of transients and
recent methods of analysis such as mobility,
method, etc.

V. CADAMBE
v
Dara AND Circuits oF TELEVISION RE-

CEIVER VALVES, Book IIIC, by J. Javer

( Philips Technical Library, N. V. Philips

Gloeilampenfabrieken, Eindhoven), 1953,

pp. 011 4 216. Price Rs. 10
It is difficult to review a book of this type
for a journal in India. Television is yet

to come and there is no accumulated ex-
perience to go by. The reviewer claims no
first-hand experience in the field of television
and has approached the book with the object
of finding out how useful it would be to a
person well trained in radio engineering to
start building and trying out circuits for
television receivers. Examined from this
standpoint, the book is most valuable.

Valves used for television receivers are
reviewed as a whole and classified according
to their functions in a television receiver.
This is followed by complete data and
characteristic curves for these valves and
two picture tubes. For each valve, as
usual in this series, typical circuits are also
described. Inter-carrier sound and flywheel
synchronization of the line deflection is
next discussed. A description of com-
plete television receiver circuit is then
given.

The printing and get-up are excellent and
the circuits, characteristics, etc., are ex-
tremely well drawn and reproduced. The
presentation of the material and the language
used are both simple and easy to follow. A
feature of the tube data is a discussion of
signal to noise ratio. The book is extremely
useful to any one who wants to follow the
building of a television receiver from the
practical point of view. If the reviewer
were asked to advise a person who wanted
to build a television receiver, he will have no
hesitation in recommending this valuable
book and the tubes described therein and
ask the person to go ahead!

The book can be recommended with con-
fidence to every reader of this type and all
degree and diploma students in communica-
tion engineering. It should be a valuable
addition to science libraries of colleges.

S. C. CHANDRASHEKHAR AIYA

INDUSTRIAL ELECTRONICS, by R. Kretzmann
( Philips Technical Library, N. V. Philips
Gloeilampenfabrieken, Eindhoven ), 1953,
pp. 236. Price Rs. 14

This book forms an introduction to the
modern practice of industrial electronics.
The general principles of engineering elec-
tronics have been presented in two parts in a
simple and practical way, mostly from the
beginner’s point of view. The mathematical
treatment is elementary and has been
introduced only in a few cases dealing with
basic circuits.
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The first part of the book has been devoted
to the general construction, working prin-
ciples and properties of the various types of
electronic tubes. A brief description of the
main varieties of electronic tubes with their
basic static and dynamic characteristics and
the immediate fundamental application has
been given in 9 chapters, comprising about
85 pages. This section has been illustrated
with as many as 108 figures inclusive of
photographs of sections of valves and tube
characteristic graphs.

During the last few years, the potentia-
lities of electronic techniques have gained so
much recognition that in industry almost
every kind of process is accurately controlled
and regulated to a great extent by electronic
devices. And this has been amply justified
in the second part of the book. In this
section 11 chapters have been included, each
being devoted to one particular type of
application. Each application has been des-
cribed with the basic circuit and the sche-
matic diagram of a practical unit. Even
though most of the circuits employ Philips
tubes, the principle has been explained in a
simple manner and there should not be any
difficulty in adopting the circuits for British
and American types of tubes. Even the
latest applications such as ultrasonic soldering
iron, speed and temperature control, etc., have
been included. This section is also profusely
illustrated with as many as 160 figures, a
good many of them being actual photographs.

The book aims at indicating the wide field
of application of electronic devices in in-
dustry and describes the principles upon
which a large number of typical equipment
operate. The subject being so vast, it is
obvious that all cannot be fully treated in
such a small volume. The mathematical
treatment is not quite adequate for degree
classes. The book will be found invaluable
to technicians and engineers engaged in the
installation, supervision and maintenance of
industrial equipment, to those who desire
of acquainting themselves with the technique
of electronic control. The fundamental basic
circuits have been explained in such a simple
way in the book that it can be confidently
recommended as a text-book on industrial
electronics. A good bibliography is provided
for reference and advanced study. The
valve characteristics of many tubes manufac-
tured by Philips included at the end of the
book are useful.
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The printing and get-up of the book are
of a high order.
C. S. RANGAN

THE DiamoND TooL INDUSTRY. IN 1953
(Issued by the Industrial Diamond In-
formation Bureau, 32-34 Holborn Viaduct,
London E.C. 1)

This report, the ninth in succession, summa-
rizes the main developments during the year
1953. The following fields are reviewed:
diamond as a material, properties of diamond,
synthesis of diamond, hardness and micro-
hardness, surface finish, fine boring and fine
turning, truing of grinding wheels, diamond
powders, impregnated diamond tools, sin-
tered carbide grinding, glass grinding and
stone working, rock drilling, wire drawing,
diamond use and salvage, new machining
methods, and jewel bearing production.
With each section references are given to
literature, a total of 155 references being
quoted. This year’s report refers in parti-
cular to new developments in hardness and
microhardness testing, diamond powders,
impregnated diamond tools, and diamond
use and salvage. The report will be of
interest to all those engaged in the use and
production of diamond tools. Copies of
this bibliography can be obtained, free of
charge, by those interested in the diamond
and diamond tools.

SipE Efrect oF Drucs, by L. Meyler,
translated by Ph. Vuijsje & W. Mulhall
Corbet ( Elsevier Publishing Co., Amster-
dam ), 1952, pp. xii + 268

The future medical historian will record the

last two decades as the era which witnessed

some of the most notable advances in the
field of drug therapy. The development of
sulphonamide chemotherapy was the first
major event of this era which perhaps gave

a fillip to the discovery of an array of wonder

drugs like the antibiotics, cortisone and

ACTH. This tempo of progress is steadily

maintained which serves to enrich the arma-

mentarium of the present-day physician on
an unprecedented scale. Sc® much so that
it becomes almost an uphill task for the
physician in his day-to-day practice of medi-

“cine to keep pace not only with the useful-

ness but also with the untoward side effects
of a newly discovered drug. Besides, the
current tendency to prepare and market
synthetic drugs with possible harmful side
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effects adds more to the confusion. In
view of these it is imperative that the in-
formation regarding the side effects of drugs
hitherto scattered in various scientific and
medical journals should be brought within
the purview of a single treatise which could
be used as a ready reference. The present
volume is a commendable effort in this direc-
tion.

The aim of the book has been to embrace
all the drugs used in the treatment and cure
of diseases. Dr. Meyler has brought toge-
ther in this volume a wealth of informa-
tion on the unexpected and untoward effects
of drugs and has presented the material in a
methodical manner designed for quick and
easy reference. The arrangement of the
drugs has been based upon the physiologic
system of the body — an approach which
is of practical importance in therapeutics.

Every effort has been made to make the
book up to date by incorporating the results
of all recent observations. Each chapter
contains a bibliography carefully selected
and listing a number of references to original
literature.

A volume with such an excellent collection
of data is very welcome. The printing and
get-up of the book are excellent and it can
be heartily recommended as a thoroughly
reliable book of reference for the clinician.

N. N. De

A New Periopic TABLE OF THE ELEMENTS
BASED ON THE STRUCTURE OF THE ATOM,
by S. I. Tomkeieff ( Chapman & Hall Ltd.,
London ), 1954, pp. 32. Price 10s.

Everybody would agree with Dr. Tomkeieff
when he says that ““ the Periodic System is
the most perfect and most comprehensive
system of classification — because it em-
braces all the building bricks which com-
pose the universe ..."”.

Beginning with a short history of the
origin of periodic classification, the author
goes on to discuss the elementary principles
of distribution of electrons in the various
shells and sub-shells of the atoms and the
types of the atoms as deduced from the
structure and manner of filling up the atoms.
A separate chapter is devoted to the pro-
perties of elements, e.g. isotopic abundance,
electronic structure, valency, etc. A final
chapter is devoted to a discussion of the
spiral and conical arrangements of periodic
classification.

The oval-shaped distorted spiral has been
previously described in a number of places
and the attention of the author may be
drawn to beautiful pictures appearing in
Life (May 16, 1949, p. 82) and Science [ 111
(1950), 662]. In these articles a definite
position has been given to rare earths ( lan-
thanides and actinides) for which no pro-
vision has been made in Dr. Tomkeieff’s
arrangements. The periodic table is suppos-
ed to be based on the ‘ electronic configura-
tion of the elements ", but the fan-shaped or
conical arrangement of the author has
ignored the basis of expanded forms of
periodic classification of elements in use
today. In fact, on closer scrutiny, the
Tomkeieff arrangement looks like an adap-
tation of Bohr arrangement enunciated in
1924, in which the transitional blocks exten-
ded from scandium to nickel, yttrium to
palladium, and lanthanum to platinum.
Considering the properties of the elements
one would include copper and zinc, silver and
cadmium, and gold and mercury in the res-
pective transitional groups, for in essence the
last element in each of the pairs, viz. zinc,"
cadmium and mercury, is stated to represent
the limiting state to be reached by the com-
pletion of the d sub-shell. Further, there
is a distinct discontinuity in the value of
ionization potential of the elements in passing
from zinc to gallium, cadmium to indium and
mercury to thallium (HuBBARD and MEGGERS,
Key to the Periodic Chart of Atoms). The
six elements, viz. copper and zinc, silver and
cadmium, and gold and mercury, are in-
cluded in the transitional block in any ex-
panded form of the periodic table ( SYRKIN
and DYATKINA, Structure of Molecules, p. 34-
35; LubpER, VERNON and ZUFFANTI, General
Chemistry, p. 122). Recently the original
Bohr arrangement has also been modified
and transitional blocks have been extended
to include the members of IB and IIB groups
( MELLOR'S Modern Inorganic Chemistry, p.
120).

A small error has also crept in, probably
inadvertently, in Tomkeieff’s charts regard-
ing the group position of sulphur (charts
at the end of the book ). The designation of
‘“outer shell” (p. 8) under “ transition
type ” is also misleading as it refers to the
penultimate shell.

Tomkeieff’s formula adopted by the pre-
sent author for calculating the length of the
period in the table does give an answer to
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the number of elements in a period, but has
perhaps no physical significance. The author’s
attention may be drawn to the formula given
by Kapustinskii [ Dok. Ak Nauk S.S.S.R.,
80(3), 365, 1951], S=2(n,;+n,)? where n,
and n? are the even and odd ordinal numbers
of periods from the beginning of the system.
This equation leads to what may be called
the periodicity of periods of the Mende-
lejeft’s system and is intimately related to
even and odd series originally proposed and
gives an accurate answer to the number of
elements in each period. This may be
adopted by the present author in preference
to the Keystone formula.
The get-up and printing of the book are
excellent.
M. R. VERMA

AN AtLAs oF END-GRAIN PHOTOMICRO-
GRAPHS FOR THE IDENTIFICATION OF HARD-
woops — Forest Products Research Bul-
letin No. 26 ( Department of Scientific &
Industrial Research, London), 1953, pp.
iv487. Price 12s. 6d.

It is well known that for efficient and econo-

mic utilization of timber, one must know

that the materials used are of the right type.

People who regularly handle timbers recog-

nize them usually by their look, feel, be-

haviour with tools and so on. But in a

country like England, which has to import

timbers from other countries, new timbers
are often introduced into the market and
thus the common practice of recognizing
imported as well as home-grown timbers no
longer meets the situation. The need for
identifying timber in the field more scien-
tifically becomes all the more imperative.

The Forest Products Laboratory, Princes

Risborough, has, therefore, removed a long-

felt want by publishing this atlas for the

benefit of the trade, industry and timber
technologist.

The publication under review contains
end-grain photomicrographs of a wide range
of timbers of broad-leaved species ( hard-
woods ) that usually enter the market in the
United Kingdom. In all 390 timbers have
been dealt with and in each case their
scientific and trade names have been indi-
cated. Actually this atlas forms an im-
portant adjunct to the previous Bulletin
No. 25, entitled Identification of Hardwoods:
A Lens Key, where a scheme for identifying
timbers based on perforated card system is
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provided. For a rapid check up or com-
parison of timbers, this atlas will provide
sufficient visual aid for practical purposes.
For the benefit of the users of this atlas,
characteristic anatomical features visible on
the end surface of logs have been listed. The
photomicrographs would further facilitate
the diagnosis and comparison of timbers.

The illustrations are, on the whole, good,
as all photomicrographs have been taken
directly from the wood after making the end
surface smooth with the help of a microtome
knife. This technique has certain dis-
advantages as will be evident from some of
the photomicrographs. Timbers with smaller
vessels have not usually come out satisfac-
torily as compared with the large-pored ones.
Again, in the case of Juglans regia and Man-
sonia altissima, the outstanding anatomical
feature—‘‘net-like”’ parenchyma—is scarce-
ly noticeable, and for the purpose of identifica-
tion such photographs are of little value.

The get-up of the book and the reproduc-
tion of the plates are of a high standard.
The publication will be useful not only to
those dealing in timber but also to advanced
students of botany.

S. S. GHosH

ANALYsIS OF DEFORMATION — VoL. I —
MATHEMATICAL THEORY, by Keith Swain-
ger (Chapman & Hall Ltd., London),
1954, pp. xix + 285. Price 63s.

This volume is the outcome of the work

done by the author during the years 1945-

50 when he was an Imperial Chemical

Industries Research Fellow in the Univer-

sity of London, and constitutes one of the few

modern comprehensive works on deforma-
tion theory. The classical elastic theory
developed by Cauchy, Navier, St. Venant
and others in the nineteenth century led to
differential equations of the quadratic form.

There has been little change in the theory

of elasticity since then and many recent

workers like B. R. Seth, F. D. Murnaghan,

R. S. Rivlin and a few others have used the

classical quadratic form to analyse finite

elastic strain. The author has obviated this
difficulty by evolving mathematically linear
differential equations for analysing finite
strain and has developed a comprehensive
linear theory for analysis of finite deforma-
tion of all solids.

In this volume the author has formulated
the mathematical theory and has tried to
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draw inferences without solving the equa-
tions for specific cases leaving the application
of the theory and its experimental verifica-
tion to the next volume. The general theory
in three dimensions has been formulated in
the first four chapters. Displacement of a
point in an amorphous continuous . body,
stress and strain are considered in the first
three chapters. In the fourth the problem of
relating force with displacement is dealt with
in a general way. Substances with specific
properties, viz. isotropic elastic substances,
vizco-elastic isotropic substances and elasto-
plastic isotropic substances are taken up in
chapters VI, VII and IX. Thermal effect
is considered in chapter V, and the theory
of yield in chapter VIII. Since vector
analysis has been extensively used the
appendix in which the subject of vector
analysis is treated briefly and yet clearly
is a very useful addition to the book, parti-
cularly from the point of view of a general
reader or an engineer. The author is to be
commended for having made a valuable con-
tribution to the field of deformation theory.
C. N. LAKSHMINARAYANA

A TEeXT-BOOK OF PHARMACOGNOSY, by
George Edward Trease ( Bailliere, Tindall
& Cox, London), Sixth Edition, 1952,
pp. viii + 821, 276 illustrations. Price
37s. 6d.

The advances in the field of synthetic organic

chemistry have been so rapid in recent years

that one may be led to believe that in the
not too distant a future synthetic drugs may
take the place of natural products. But,
considering the vast resources of drugs
available from the vegetable and animal king-
dom, only a small proportion of which has been
chemically and pharmacologically investi-
gated so far, there is no doubt that drugs
derived from natural products would continue
to be in demand for a long time to come.
Dealing with the history, commerce, culti-
vation, collection, preparation for the market,
storage, constituents, uses, identification,
standards and evaluation of drugs, text-
books of pharmacognosy require frequent
revision so that obsolete matter can be
deleted and fresh information incorporated.
Everyone interested in pharmacognosy
should, therefore, welcome the sixth edition
of the standard text-book by Trease which
has appeared three years after the previous
edition in 1949. Certain portions from the

fifth edition have been revised, condensed
or deleted, and new matter has been added
on. Three chapters have been added on:
The Classification of Drugs for Study; The
Literature of Pharmacognosy; Bacteria and
Antibiotics. Fluorescence and chromato-
graphic analysis included in one chapter in
the fifth edition have been dealt with in
two separate chapters to include additional
information on partition chromatography.

Some mistakes in printing have, however,
crept in. They are: The page reference to
Cassia fistulae fructus in the index is given
as 426 whereas it should be 420. Some
mistakes which have occurred in the previous
edition have been carried over: Thus, a, b,
c and d referred to in the caption for Fig. 229
on page 446 occur in capital letters in the
figures. In the key to Map I on page 781,
item No. 27, Eriodictyon . .. p. 487 has to
be included.

In giving the geographical distribution of
drugs the author could have taken into
account the partition of India and indicated
Pakistan separately. Suitable revision of
the maps should have been made on the
basis of the political boundaries of the various
countries of the world.

The information given on Belae fructus ( p.
353) is not up to date. Nigella seeds, Ajowan
and lemongrass are sufficiently important
drugs and could have been included in the
book.

The get-up of the book leaves nothing
to be desired. The book is of great value
to students of pharmacognosy, research
workers and dealers in crude drugs.

S. A. CHARI

PUBLICATIONS RECEIVED

UTILIZATION OF MoLAssEs IN INDIA, by M. N. Mitra
(B. L. Sarkar, Calcutta), 1954, pp. vi+ 38,
price Rs. 2/8

SURVEY OF INDIA TEcHNICAL REPORT, 1951 ( The
Surveyor General of India, Dehra Dun), 1953,
pp. v+47+ 2 index maps, price Rs. 5 or 8s.

METHUEN'S MONOGRAPHS ON CHEMICAL SUBJECTS:
CHEMISTRY OF THE DEFECT SOLID STATE, by
A. L. G. Rees ( Methuen & Co. Ltd., London ),
1954, pp. viii + 136, price 8s. 6d.

THE INSULATION OF ELEcCTRICAL EQUIPMENT, by
Willis Jackson ( Chapman & Hall Ltd., London ),
1954, pp. ix+ 340, price 42s.

THE AMPLIFICATION AND DISTRIBUTION OF SOUND,
by A. E. Greenlees (Chapman & Hall Ltd.,
London ), 3rd ed., revised, 1954, pp. x4 300,
price 35s.

INDUSTRIAL ORGANIZATION: PART I — GENERAL
ProBLEMS, by Bimal C. Ghose ( Oxford Univer-
sity Press, Bombay ), 1954, pp. 250, price Rs. 8
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NOTES & NEWS

Solar battery

AN ELECTRIC BATTERY RUN ON
sunlight has been developed by
the Bell Telephone Laboratories,
U.S.A. The experimental solar
battery uses strips of wafer-thin
silicon about the size of common
razor blades. These strips are
extremely sensitive to light. They
can be linked together electrically
and can deliver power from the
sun at the rate of 50 watts per
square yard of surface. The solar
battery thus delivers 50,000,000
times the power of the recently
announced atomic battery which
delivers one-millionth of a watt.

An efficiency of 6 per cent has
been achieved in converting sun-
light directly into electricity. This
compares favourably with the
efficiency of steam and petrol
engines, in contrast with other
photoelectric devices, which have
a rating of not more than 1 per
cent [ Science Newsletter, No. 157
(1954), Item No. 2035, Indian
Scientific Liaison Office, London].

The * condensing enzyme "’
in Aspergillus niger

THE OCCURRENCE AND PURIFICA-
tion of the ‘ condensing enzyme *’
in Aspergillus miger is reported.
‘The enzyme, which catalyses the
reaction

acety coenzyme A 4 oxalacetate
= citrate 4- coenzyme A

has previously been reported in
animal tissues, yeast and bac-
teria.

The enzyme was obtained from
A. niger, N.R.C. 233. The mould
was grown in shake culture
at 26° in a medium containing
malt extract, yeast extract and
glucose. After 18-20 hr. incuba-
tion, it was removed, washed with
water and pressed dry. The
mycelium was ground in a ball
mill for 30 min. at 1° with an
equal weight of alumina and four
times its volume of 0-02M phos-
phate buffer, pH 7-2, and then
centrifuged at 35,000 r.p.m. for
15 min. The supernatant was
used either directly or after frac-
tionation with ammonium sul-
phate. The fraction precipitating
between 35 and 50 per cent
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saturation was used after dialysis
for 14 hr. against 0-02M phos-
phate buffer, pH 7:2, at 1°.
Escherichia coli, N.R.C. 428, was
used as the source of trans-
acetylase.

Both the supernatant and the
ammonium sulphate fractions
(35-50) of the A. niger extract
readily catalysed the synthesis of
citrate from acetyl phosphate, co-
enzyme A, and oxalacetate, in the
presence of a source of trans-
acetylase. The presence of the
*“ condensing enzyme "’ in ‘4. niger
lends support to the hypothesis
that citric acid is synthesized, in
part at least, through condensa-
tion of acetate and oxalacetate
[ Chem. Ind., No. 6 (1954 ), 160 ].

Quality of tea

EXTENSIVE MORPHOLOGICAL
studies on a large number of tea
plants have confirmed an earlier
hypothesis that the amount of
hair on the lower -epidermis
of the fresh leaf is a reliable
index of the quality of manufac-
tured tea. This pubescence of the
tea leaf has been found to be
genetically conditioned, and plants
which are categorized in respect of
hair on one occasion can be ex-
pected from experience to remain
in substantially the same order.
This discovery provides a useful
guide to the selection of plant
material for breeding.

Another characteristic studied
is the occurrence of a red antho-
cyanin pigment in the petiole and
leaf. Plant types in which this
characteristic is strongly marked
are of no value for tea production
and are not cultivated. How-
ever, where a slightly pigmented
plant of low quality is crossed
with a comparatively non-pig-
mented plant of good quality, the
tea made from the progeny is as
good as that made from the high
quality parent, and may be
better. Vigour is also improved
by the cross. The amount of
pigmentation, however, is critical,
and if the pigment is present in
the progeny to an extent that
would be noticed by an untrained
eye, the quality of the tea is
likely to be low [ Nature, 173
(1954), 630].

A new protective colloid

LustREX X 820, A CARBOXYL
containing polyelectrolyte resin,
developed by- Monsanto Chemical
Co., is a water insoluble stabilizer
or protective colloid possessing all
the desirable properties of casein
as a stabilizer, at the same time
it is free from the disadvantages
of susceptibility to bacterial at-
tack and changes in viscosity on
standing. It is normally dissolv-
ed by adding 3 parts of 0-88N
ammonia with continuous stir-
ring to 10 parts of Lustrex X
820 which has been allowed to
swell with continuous stirring for
about 15-20 min. in 87 parts of
water. Lustrex solutions, unlike
casein solutions, deposit a water
insoluble film immediately on
drying. The inclusion of Lustrex
X 820 increases the total insoluble
content of a film and adds mate-
rially to its water resistance.

The most important applica-
tion of Lustrex X 820 is its use
as a protective colloid in emulsion .
paints, but it has other important
uses in the preparation of pigment
dispersions, wax emulsions, adhe-
sives, heat sealing compounds,
leather finishes, printing inks and
high gloss and grease resistant
coatings [ Chem. Age, 70 (1954 ),
692 1.

Potassium from sea water

AN EXPERIMENTAL PLANT FOR
extraction of potash from sea
water by the Kjelland process has
been set up at Ijmuiden, Holland.
In this process, potash is re-
covered from sea water in the
form of potassium nitrate, c.
2,000-3,000 cu. m. of water being
processed for the production of
one ton of K,0. The sea water
is first subjected to sand filtration
and the potash precipitated as an
insoluble organic compound ( di-
picrylamine salt). This compound
is separated as a moist crystalline
mass which is decomposed with
nitric acid to give potassium
nitrate, the organic precipitant
being recovered for re-usz [ Chem.

Tr. J., 134 (1954), 704 ].

Vitamins in margarine

THE MINISTRY OF FooD (BRITAIN)
has approved the following recom-
mendations of the Food Standards
Committee regarding the addition
of vitamins A and D to margarine:
(1) (a) The vitamin A content of
margarine should be between 27



and 33 1.U./g. and that of vitamin
D between 2:9 and 3-5 L.U./g.;
(b) for this purpose the vitamin
A content should be calculated
as the sum of the vitamin A
present as such or as its esters
plus 0-8 times the @-carotene
equivalent of any carotenes pre-
sent, a-carotene being considered
as equivalent to half its weight of
B-carotene; (c) when red palm

oil is used as a source of carotenes, °

the B-carotene equivalent should
be taken as 53-5 per cent of the
total carotenes. (2) The vita-
mins should be added in the form
of an approved master-mix con-
taining vitamin A and D in known
proportions. (3) A statement of
the vitamin contents in I.U. per
oz. should appear on the wrappers
of all domestic margarine packed
for retail sale [Chem. Age, 70
(1954 ), 564 ].

Zinc in foods

THE Foop STANDARDS COMMITTEE
of the Ministry of Food ( Britain )
has adopted the Report of the
Metallic Contamination Subcom-
mittee in respect of the limits
of zinc in foods. The limits re-
commended are: (1) Beverages,
ready-to-drink, 5 p.p.m.; (2) other
foods, 50 p.p.m.; and (3) edible
gelatin, 100 p.p.m. [ Chem. Tv. J.,
134 (1954), 448 ).

New wood preservative

A NEW PRESERVATIVE, PREMASAN
116, which will not only protect
timber against fungal and insect
attack, but also reduce warping,
splitting and other changes due
to rapid variation in moisture
content, has been developed by
Monsanto Chemicals Ltd. The
preservative consists of penta-
chlorophenol formulated with
water-repellent  substances in
suitable organic solvents. It pene-
trates readily into seasoned tim-
ber which, after the evaporation
of the volatile solvent, regains its
natural appearance and may be
primed, painted and puttied
[Chem. Tv. J., 134 (1954 ), 730 ].

Analysis of reducing sugars

A RAPID GASOMETRIC METHOD FOR
. analysis of reducing sugars has
been described in which the
reduction of reducing sugars to
the corresponding polyols is car-
ried out with aqueous solutions of
sodium borohydride at pH 7.

From the amount of hydrogen
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used up, the concentration of
sugar in the solution can be cal-
culated.

Sodium borohydride solution is
standardized by measuring the
volume of hydrogen gas evolved
when the solution is made acid.
The sugar solution is treated with
an aliquot of the sodium boro-
hydride reagent, and after com-
pletion of the reduction, the
excess of reagent is determined
by acidification, etc., as in the
standardization procedure. The
difference in volume of hydrogen
evolved is equivalent to the
amount of reducing sugar. It has
been found that one mole of
hydrogen 1is utilized for the
reduction of one mole of glucose,
fructose, galactose, lactose or
glucosamine with an accuracy of
better than 1 per cent. Complete
reduction is achieved in 20-30
min. at room temperature, or in
less than 1 min. at the boiling
point [ Nature, 173 (1954) 401].

Estimation of
metallic bismuth

THE STANDARD METHOD OF ESTI-
mating bismuth volumetrically is
to dissolve the freshly precipitated
metal in an acidic ferric solution
and titrate the ferrous iron pro-
duced with potassium permanga-
nate. When the metal is mixed
with oxide, which is required to be
determined separately, this me-
thod is not suitable as the oxide
also dissolves in the acidified ferric
solution.

A new method has been develop-
ed for the estimation of bismuth
in the presence of bismuth oxide.
In this method, which takes ad-
vantage of the relative positions of
bismuth and silver in the electro-
chemical series ( Bi/Bi*+4-0-226v,
Ag/Ag++0798v ), silver is dis-
placed from a neutralsilver nitrate
solution by precipitated bismuth.
Silver is volumetrically deter-
mined by titration against stand-
ard sodium chloride solution using
potassium chromate as indicator.
The weight of bismuth as calculat-
ed from the silver lost agreed to
within a fraction of 1 per cent of
the weight of bismuth taken
[ Research ( Supplement), 7 (1954),
S17].

HF as solvent for proteins

ANHYDROUS HYDROGEN FLUORIDE
(m.p. --83°C.; b.p. 19-5°C.) has
been found to be a powerful
solvent for a wide variety of

proteins. Among proteins which
are readily soluble in hydrogen
fluoride at 0°C. are ribonuclease,
lysozyme, pepsin, trypsin, crys-
tallized egg albumin, bovine
plasma albumin, bovine plasma
globulin, edestin, peanut protein,
globulin, casein, zein, silk fibroin,
hide collagen, insulin and adreno-
corticotrophic hormone. These
are all soluble at least to the
extent of 20 mg./cc.,, and much
more concentrated solutions can
be easily prepared. " The solutions
are clear, colourless to faint
amber, and are very much less
viscous than corresponding aque-
ous solutions. The globular pro-
teins dissolve rapidly even at
—78°C., whereas silk fibroin and
hide collagen undergo strong
swelling and require many hours
at room temperature for complete
solution. A considerable variety
of metal-complex compounds, e.g.
iron-containing proteins cyto-
chrome ¢, catalase and haemoglo-
bin, metal phthalocyanines, and
cobalt (III) amine complex, dis-
solve in hydrogen fluoride with-
out precipitation of metal fluoride.

Proteins were recovered by
evaporation of the solutions on
the vacuum line. Films of re-
covered silk fibroin and collagen
gave characteristic polypeptide
infra-red spectra. Ribonuclease,
lysozyme, trypsin, cytochrome c,
haemoglobin, hide collagen, in-
sulin and adrenocorticotrophic
hormone were recovered in a
water-soluble state after remain-
ing in hydrogen fluoride solution
for 2 hr. at 0°C. Recovered insulin
was found by bioassay on mice to
have retained 80 per cent of its
initial activity, and similarly
adrenocorticotrophic hormone was
recovered intact with full reten-
tion of its original biological acti-
vity. This retention of biological
activity of the substances after
dissolution and recovery from
hydrogen fluoride solution sug-
gests that this solvent may have
real significance in protein studies.
Because of its low freezing point,
liquid hydrogen fluoride may be
an interesting medium for carry-
ing out chemical reactions on pro-
teins at very low temperatures
[ Nature, 173 (1954 ), 265 1.

Preparation of
phenyl acetic acid

INVESTIGATION OF THE USE OF
finely dispersed sodium in the
preparation of organosodium com-
pounds has resulted in the dev-
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elopment of low cost sodium
routes to phenyl acetic acid and
dimethyl phenyl malonate. The
process is based on the formation
of phenyl sodium by the rapid
quantitative reaction of chloro-
benzene with freshly dispersed
sodium in toluene at 25°C. These
new routes to phenyl acetic acid
and dimethyl phenyl malonate
appear to be more economical
than existing synthesis and do
not require the isolation of any
intermediates.

Phenyl sodium is used to form
benzyl sodium by metalation of
an equimolar portion of the
toluene reaction medium at reflux
temperature. Carbonation of
benzyl sodium on solid carbon
dioxide or by addition to ether
saturated with gaseous carbon
dioxide at —20°C. gives nearly
theoretical yields of phenyl acetic
acid. A slow gaseous carbona-
tion of benzyl sodium at 30°-40°C.
gives a 70 per cent yield of phenyl
malonic acid and a 25 per cent
yield of phenyl acetic acid.
Treatment of the reaction mix-
ture, resulting from the gaseous
carbonation, with methanol and
hydrogen chloride at 60°C. for 5
hr., gives dimethyl phenyl malo-
nate and methyl phenyl acetate
which are easily separated by dis-
tillation. It is possible to sepa-
rate the free acids before esteri-
fication and subsequently prepare
dimethyl phenyl malonate from
pure phenyl malonic acid in 94
per cent yield. The overall yield
of dimethyl phenyl malonate,
based on chlorobenzene, is 65
per cent [ Industr. Engng. Chem.,
46 (1945), 539].

Moisture-set inks

OIL INKS USED FOR PRINTING
labels of food packages develop
rancid odours in the drying pro-
cess. Food products seem to
-soak up these unpleasant smells,
concentrating them to the point
where the food is unpalatable.
Hence, moisture-set inks are re-
placing oil inks in printing labels
for food packages. Moisture-set
inks dry instantaneously, are free
from odour, stand extremes of
temperature and are tough.

The vehicle in the moisture-set
inks contains a high-boiling,
hygroscopic solvent and a water-
insoluble resin with a relatively
high acid under (300 or more ).
The resin is soluble in the hygro-
scopic solvent. As the ink system
absorbs water, the viscosity of
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the vehicle decreases, and when
the critical point is reached at
which the resin is insoluble in the
water-solvent mixture, resin and
pigment precipitate and the
liquids diffuse into the paper
stock. A tough, hard, pigmented
film is left on the surface. Inks
used with plastic wraps are
usually solvent formulations
which have a slight solution effect
on the plastic, or are baked or
react with the plastic to achieve
binding.  For greatest drying
speed the ink should have a
minimum water tolerance and a
high absorption rate. A mode-
rately water-tolerant resin plus
a moderately hygroscopic solvent
is preferred.

Glycols are used as the solvents
in this ink system. Combinations
of several glycols are used to
ensure the best combination of
fast setting, press stability and
other factors. Ethylene glycol is
regarded as a fast dryer, com-
mercial grade diethylene glycol is
rated as medium fast and tri-
ethylene glycol, which is medium
slow and very stable, is recom-
mended in inks for use on presses
where high temperatures resulting
from friction might be encoun-
tered.  Dipropylene, hexylene,
and octylene glycols are valuable
where their particular combina-
tion of properties can be utilized
to adjust stability, drying speed,
body and tack. A strong co-sol-
vent may be included to increase
the water tolerance by increasing
the solubility of the resin.

Most moisture-set varnishes
(resin plus solvent) are made
with maleic or fumaic modified
resins,  Modified phenolics or
alkyds, urea- or melamine-formal-
dehyde resins, and others are used
for specific purposes, and to modi-
fy specific qualities. Other modi-
fiers—waxes, wetting agents, high
molecular weight polyglycols —
are added to control flow and
water resistance. Mazein, a vege-
table protein, is often included to
improve the binding of the film.
For the best combination of qua-
lities, between 40 and 60 per cent
of resin is necessary in the vehicle.

Since the ink contains a polar
solvent, a highly acid resin and
water, it presents many problems
in printing operations. Since the
solvent combination will attack
the glue-glycerol composition and
natural rubber printing press
rollers, it is necessary to use
glue-glycol or synthetic rubber
rollers. To combat corrosion of
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metal printing plates, additives
are included in the formulation.
Colour change in moisture-set
inks, another vexing problem, can
be corrected by adding salts such
as calcium metaphosphate.
Moisture present in most paper
stocks and in the air is adequate
to bring about fairly fast set-
ting of moisture-set inks. With
the use of auxiliary sources of
moisture (steam, water sprays ),
press speeds of over 1,000 ft. per
min. become possible. For print-
ing on non-absorbent stocks,
temperatures over 700°F. are
sometimes used [ Industr. Engng.
Chem., 46 (1954), No. 3, 15A].

Silicon carbide insulation

FINELY DIVIDED SILICON CARBIDE
( SiC ) has been found to be a very
satisfactory insulation material
when substituted for carbon black
in a high frequency induction
furnace. The relative insulating
effectiveness of the various pow-
ders showed that a decrease in the
particle size of SiC powders results
in an increase in their total pore
volumes, which in turn enhances
their thermal insulating ability.
From a study of the stability of
the power input to the induction
furnace, SiC was found to have
superior electrical inertness than
carbon black. Under the con-
ditions of the experiment, the
power input to the furnace when
using all types of powdered SiC
tested, increased only 5 to 8 per
cent when heated from room
temperature to 2,000°C. In com-
parison, the power input increased
approximately 50 per cent when
the furnace was heated from room
temperature to 1,750°C. using
carbon black insulation.

The advantages of using SiC
powder are: (1) it acts as a di-
electric in the presence of high-
frequency magnetic fields; (2) it
does not adsorb gases readily;
(3) it tends to pack around the
susceptor so that when the sus-
ceptor is withdrawn the cavity for
the susceptor is preserved; (4) its
use does not present a major
housekeeping problem; (5) it is
not readily consumed by oxida-
tion, but will oxidize sufficiently
to inhibit the oxidation of the
graphite susceptor; (6) it is eco-
nomical to use. Its disadvan-
tages include: (1) the need for a
greater amount of energy to heat
the furnace insulation; (2) the
maximum furnace temperature is
limited to the dissociation tem-



perature of the SiC, but runs up
to 2,300°C. have been made with
no adverse effects [ Amer. Ceram.
Soc. Bull., 33 (1954 ), 43 ].

Sulphuric acid from
phosphogypsum

PHOSPHOGYPSUM, BYPRODUCT CAL-
cium sulphate from wet process
phosphoric acid production, has
little commercial value and its
sulphur content is wasted. With
a view to conserving natural
resources and improving the eco-
nomics of the wet process,
methods of regenerating sulphuric
acid from phosphogypsum have
been investigated and two pro-
mising methods have been dev-
eloped. Both methods involve
the desulphurization of a mixture
of phosphogypsum and silica by
thermal dissociation and the sub-
sequent conversion of the sulphur
dioxide to the sulphuric acid.
The desulphurization step may be
carried out at temperatures below
fusion ( calcination process ) or at
fusion temperature ( fusion pro-
cess ). Calcination of agglo-
merated mixtures of partially
dehydrated phosphogypsum and
silica ( SiO,: S mole ratio of 1 and
iron-aluminium oxide contents of
3 per cent ) at 1,300°C. resulted in
complete disulphurization in 15-
30 min. As the size of the agglo-
merate was decreased and the
intimacy of mixing was increased,
the time required for complete
desulphurization decreased. In
the fusion process, incorporation
of raw phosphate matrix in the
charge resulted in a byproduct
phosphate slag ( 10 per cent phos-
phorus pentoxide) of potential
fertilizer value, which should
return a significant credit to the
process.

The sulphur dioxide concentra-
tion in the off-gases from large-
scale calcination or fusion plants
would be at least 5 per cent which
is believed to be high enough for
the production of sulphuric acid
by a standard process [ Industr.
Engng. Chem., 46 (1954), 453 .

Saccharic acid production

THE POSSIBILITIES OF MANU-
facturing potassium acid saccha-
rate on a commercial scale by the
oxidation of dextrose with nitric
acid are indicated. The oxidation
is conducted as a batch process.
Commercial grades of granular
dextrose hydrate and 40°Bé.
nitric acid are used. The mole
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ratio of nitric acid to dextrose is
3:0.
Nitric acid (40°B¢.) is heated
to 130°F., and dextrose is added
over a period of 1 hr. The tem-
perature is raised to 158°F., and
the oxidation is continued for an
additional 1} hr. The oxidized
liquor is vacuum distilled to
recover the residual nitric acid.

Recovery of potassium acid
saccharate is accomplished by
precipitation in two steps. Potas-
sium hydroxide solution is added
to the oxidation liquor while the
temperature is maintained at
85°F. by cooling. The first crop
is precipitated at pH 3-8, filtered,
washed and dried. Combined
mother liquor and washings are
concentrated to one-half volume
and then adjusted to pH 9-0 with
potassium hydroxide. The tem-
perature is allowed to rise to
158°F. and is held there for 20
min. after which it is cooled and
adjusted to pH 3-4 with 40°Bé.
nitric acid. The resulting crys-
tals are filtered, washed and
dried. The purity of the first
crop of crystals is 99-100 per cent,
while that of the second crop is
98 per cent.

Potassium nitrate recovery is
accomplished by acidifying the
mother liquor to pH 2:0 with
nitric acid and removing two suc-
cessive crops of crystals by con-
centration, crystallization and
centrifugation. The second crop
of crystals is recycled with the
first mother liquor to be con-
centrated.

The cost of potassium acid
saccharate employing a plant
having a daily capacity of 9,600
Ib. is estimated to be 35-2 cents
per pound [ Industr. Engng. Chem.,
46 (1954 ), 427 ).

Acetylene from methane

A NEW METHOD FOR THE MANU-
facture of acetylene developed by
the Badische Anilin und Soda
Fabrik A.-G. is based on the
partial combustion of hydro-
carbons, usually methane, with
oxygen. It was worked out on a
laboratory scale in 1935-36 and
the first full-scale plant was built
at Oppau in 1942. The main
.problems of the process are to
eliminate the danger of explosion,
to maintain the proper burning
condition and to develop burners
capable of withstanding thermal
stresses. The thermal expansion
of burner at the Oppau plant was
controlled by special ceramic

materials. - The capacity of the
burner was more than 4,000 cu.
m./hr. of methane. The high
speed of the gas was required to
counter the effect of the rust
particles introduced from the
methane pipelines. Under these
conditions the rust particles are
reduced to pyrophoric metallic
iron and removed before they
could pre-ignite the gas mixture.

Although the burner gases,
which contain about 10 per cent
of acetylene, can be used directly
for chemical processing, in cases
where it is necessary to separate
the acetylene in pure form, a
method has been worked out
based on the use of a selective
water miscible solvent, the gas
being eventually separated into
three streams, an acetylene-free
poor gas, an acetylene stream
and a gas containing the higher
acetylene homologues. The ace-
tylene fraction contains not more
than 0-2 per cent by volume of
propadiene, 0-02 per cent of
diacetylene and 0-005 per cent by
volume of benzene. This is suffi-
ciently pure for most uses.

Data obtained from large tech-
nical plants show that for the
production of one kilo of pure
acetylene, the following materials
are needed: hydrocarbons, 4-3 kg.;
oxygen, 49 kg.; solvent, 0-005
kg.; steam, 4 kg.; and electric
power, 1-5 kW. [Chem. Tr. J.,
134 (1954), 447 1.

Benzole refining

A CATALYTIC PRESSURE PROCESS
for refining crude benzole is now
being operated on a large scale in
W. Germany. In the modified
process, hydrogen, or water gas,
is compressed to 60 or 150 atm.
respectively and mixed with the
vapours of the crude benzole
introduced into the common pipe-
line under the same pressure as
the gas. The mixture passes
through a heat exchanger where
its temperature is raised to c.
200°C. In the following pressure
vessel the readily resinifiable
constituents of crude benzole
polymerize. The mixture then
passes to an evaporation vessel in
which superheated (400°-450°C.)
water gas is introduced. The
bulk of the benzole is distilled
and the resins separate as a sludge
which is subsequently distilled to
pitch. The vapours of the de-
resinified crude benzole pass
through another heat exchanger
where their temperature is raised
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to about 350°C. and then pass
through the contact furnace where
sulphur is converted to hydrogen
sulphide, hydrogen to water and
nitrogen to ammonia while any
residual olefines are hydrogenated.

In a heat exchanger and cooler,
the reaction gases are cooled and
pass to a separator where the
purified liquid benzole is sepa-
rated, still under pressure from
the water gas. The pressure is
then reduced from 150 atm. to
1 atm. in two stages, the libe-
rated hydrogen sulphide and
ammonia being removed by alkali
and water washes. The yield of
purified benzole is stated to be
98 per cent of the crude employed
[Chem.Tv. J., 134 (1954), 719].

Continuous caustic finishing

A MAJOR ADVANCE IN CAUSTIC
alkali technology is the develop-
ment of a continuous -caustic
finishing by the Dowtherm vap-
our process developed by the Dow
Chemical Co., U.S.A. The process
has the following advantages over
batch evaporation in open, direct-
fired cast iron pots: (1) A Dow-
therm-heated evaporator installa-
tion costs only one-fifth as much
as a new pot installation of the
same capacity; (2) it uses only
half as much fuel; (3) mainte-
nance cost is lower; and (4) the
process is automatic. The modi-
fied unit is built along the lines
of the usual long-tube vertical
evaporator, with a vapour head
some 8 ft. in diameter mounted
directly above the tubes.

Dilute caustic soda solution
(0-2 per cent) from the dia-
phragm-type electrolytic cell con-
tains a little sodium chlorate
which is a source of trouble in the
Dowtherm-heated high concen-
trator. Its decomposition libe-
rates nascent oxygen, which
rapidly attacks nickel. Sucrose
has been found to be one of the
most effective reducing agents for
chlorates. About 1 Ib. of sucrose
per ton of mercury-cell liquor is
found necessary. The sucrose is
usually added as a solution of 23°
to 24°Bé., the solution being fed
continuously just as close to the
inlet of the evaporator as pos-
sible.

One disadvantage in the use of
sucrose is that it raises the car-
bonate content of the product,
and in cases where carbonate spe-
cifications are strict, reduction has
to be carried out with metallic
iron. The excess of iron is then
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removed as ferrate or ferrite by
adsorption on finely ground stron-
tium sulphate or carbonate.

With diaphragm cell caustic
containing the usual amounts of
chloride and sulphate and with 2
to 3 per cent carbonate, it is not
difficult to reach 75 per cent Na,O
with mercury cell caustic. A set
of tubes will finish about 17,000
tons of solid before replacements
become necessary [ Chem. Tr. J.,
134 (1954), 445].

Large-scale production
of oxygen

‘ OXYTON "', A TONNAGE OXYGEN
unit for producing large quan-
tities of oxygen required for the
direct flash smelting of copper
concentrates, has been put into
operation by the International
Nickel Co. of Canada Ltd. Inco’s
new oxygen flash smelting process
eliminates the fuel normally re-
quired for smelting and makes
economical the large-scale pro-
duction of sulphur dioxide from
furnace exhaust gases. The air is
first liquefied under pressure, and
then the oxygen is separated from
the other constituents of the at-
mosphere by distillation and car-
ried as a gas through a 16 in.
diameter elevated pipeline from
the Oxyton to the smelter.

The important regenerator-heat
exchanger system consists of two
nitrogen regenerators, each 8 ft.
in diameter and 17 ft. long, and
two oxygen regenerators, each 4 ft.
in diameter and 14} ft. long.
While one pair of regenerators
chills the incoming air, the other
pair is being chilled by the sepa-
rator gases. Working tempera-
tures range from 26° to —170°C.
Since most ferrous metals suffer a
marked increase in brittleness at
sub-zero temperatures, the regene-
rators were made from special 8}
per cent nickel steel [ Chem. Age,
70 (1954), 577].

High-pressure ultra-filter

AN ULTRA-FILTER FOR RAPID CON-
centration of bacterial toxins is
described. The filter may be
useful in other fields where highly
concentrated solutions of proteins
are required.

Filtration through a collodion
membrane is carried out under
nitrogen at a pressure of 300 Ib./
sq. in. The membrane is support-
ed on a flat smooth porous tile,
which in turn rests on a per-
forated steel plate. The ultra-
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filtrate is collected in a flask
beneath the filter. The apparatus
has a total capacity of 151. and a
filter area of 400 sq. cm.

The membrane is prepared by
stretching a sheet of *cello-
phane” over a square of plate
glass, fixing it to the underside
of the glass with ‘‘ cellotape ".
An 8 per cent solution of collodion
in glacial acetic acid is poured over
the cellophane surface. When the
surface has been covered, the
glass is picked up and excess of
collodion drained from each cor-
ner. It is then plunged into cold
water. After a few minutes the
cellophane sheet is cut away from
the glass and the collodion mem-
brane separated from it. It is
allowed to harden in running
water overnight. After hardening
the membrane is found to have
one smooth surface and the other
slightly uneven. It is placed on
tile smooth side upwards and
trimmed to fit. Two litres of
0-5 per cent solution of sodium
bicarbonate are then forced
through the membrane under a
pressure of 100 lb. per sq. in. to
remove any traces of acid.

Under a pressure of 300 Ib.
per sq. in., 2 1. of a solution of
horse haemoglobin in distilled
water (40 mg. per 100 ml.)
were reduced practically to dry-
ness in 2} hr. The haemoglobin
remained on the surface of the
membrane as a thick film, too dry
toflow. The ultra-filtrate passing
through gave no reaction to the
benzidine test [ Nature, 173
(1954), 254].

Gyrotron

A NEW INSTRUMENT KNOWN AS
the ‘ Gyrotron ’, made by the
Sperry Gyroscope Co. ( Britain),
has been developed from observa-
tion of the flight-control methods
of the fly Diptera. Halteres, the
club-shaped lateral projections
from the fly’s thorax vibrate in a
vertical plane through an angle
of some 150° during horizontal
flight, the motion having a cons-
tant amplitude and being main-
tained at the natural frequency
of the system. The end knob of
the haltere has alateral in-and-out
motion at twice the frequency of
the oscillation of the haltere, and
by reason of this in-and-out com-
ponent of the motion, the fly is
able to detect a yawing turn.
The Gyrotron developed is sensi-
tive enough to measure rotation
as slow as that of the earth and



has a speed indication up to about
a 100 r.p.m.

The basic detector unit of the
Gyrotron consists of a tuning fork
which is maintained in vibration
with constant amplitude by an
electromagnetic drive. This is
used to detect a rotation about the
axis of the ““ handle "’ of the fork.
The tines oscillate inwards and
outwards in a way that corres-
ponds to the essential part of the
motion of the halteres of a fly.

This device, which is more
robust and sensitive than the
gyroscopic type currently in use,
has an immediate possibility as a
normal rate-of-turn meter for
aircraft [ Nature, 173 (1954),
572].

Improved infra-red lamp

AN IMPROVED INFRA-RED LAMP,
which gives twice the heat energy
on the same current as ordinary
bulbs, and takes up much less
space, is announced by the General
Electric Co. ( Britain ). The new
tubular shaped lamps are from
5 to 10 in. long and not much
thicker than a cigarette. The tubes
are made of fused translucent
quartz.  The 500-watt models
weigh only three-quarters of an
ounce, compared with 4 oz. for the
bulb types, and withstand both
high temperatures and violent
changes of temperature. The
lamps produce full radiation im-
mediately, without a warm-up
period, and produce some visible
light as well as infra-red radiation.
The life of the tube is expected to
be 5,000 hr. [ Science Newsletter,
No. 157 (1954 ), Item No. 3034,
Indian Scientific Liaison Office,
London ].

New tablet coating method

A PRACTICAL METHOD OF PRESS
coating tablets has been evolved
by the Evans Medical Laborato-
ries, England. The process consists
of the application of a suitable
coating material by compressing it
in the dry state on to a ready form-
ed ‘“core tablet” of the active
ingredient. The process is rapid
and automatic. A special device
for the correct centring of the core
tablet in the machine has also been
designed. ‘‘ Prescoted "’ tablets
can be made to disintegrate more
readily than tablets prepared by
the conventional pan-coating pro-
cess, since they need not be com-
pressed so hard, nor is a protective
coating required for hygroscopic
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ingredients [ Chem. Age, 70 (1954),
428 1.

High Polymers —
A Symposium

THE INDIAN ASSOCIATION FOR THE
Cultivation of Science organized a
symposium on High Polymers on
29-30 March 1954 in Calcutta. The
symposium was attended by scien-
tific workers from research insti-
tutions and industrial firms from
all parts of the country. The open-
ing session was presided over by
Prof. Santi R. Palit. Dr. M. N.
Saha delivered the inaugural
address.

Eighteen papers were presented
to the symposium.

Dr. A. Lahiri ( Fuel Research
Institute, Dhanbad ) initiated the
discussion with a paper on poly-
meric constitution of coal. Dr.
Lahiri observed that coal is a
naturally occurring polymer simi-
lar in structure to cellulose or
rubber, the repeat unit tending to
be in one plane only. He empha-
sized the need for further studies
on the structure of coal, particu-
larly its solution by the established
techniques of high polymer che-
mistry. The reaction and proper-
ties of coal are markedly influ-
enced by their colloid structure
and cross-linking may take place
in high oxygen containing non-
coking coals. The study of the
adsorption isotherm of water
vapour on coal indicates the pre-
sence of a pronounced hysterisis
loop between sorption-desorption
cycles which is an indication of
micro-capillary structure of coal.
The surface area values lie in the
range of 20-200 sq. m. per g. of
coal, depending on rank. X-ray
diffraction studies indicate the
presence of incipient layer plane
structure present in coal. Studies
on bituminous coal, viz. pyrolysis
in a molecular still, action of sol-
vents, mild hydrogenation and
mild oxidation, have shown that
the nucleus of this coal is a con-
densed Cq4 ring structure with
occasional heterocyclic rings con-
taining oxygen, nitrogen and sul-
phur. Infra-red spectroscopy
shows that coal is a gel and that
in the course of metamorphosis
from the stage of peat to high rank
coal with 90 per cent carbon, the
change is from a lyophilic to a
lyophobic colloid.

Dr. D. Banerjee ( National
Rubber Works, Calcutta) spoke
on the rubber industry in India.
About 22,000 tons of raw rubber

are annually processed by the
industry. Of this quantity, Indian
plantations provide 20,000 tons,
the balance being imported.
Among the rubber goods manu-
factured in the country, tyres
account for nearly 67 per cent of
the total consumption of raw
rubber.

Dr. D. B. Das ( Jardine Hender-
son Research Laboratories, Cal-
cutta) gave an account of the
structure and various new uses of
fibres, and discussed various prob-
lems relating to cotton, cellulose
and jute fibres.

Six papers were on plastics.

Dr. S. Mukherjee (Indian Insti-
tute of Sugar Technology, Kanpur)
discussed the possibility of manu-
facturing low. cost thermosetting
plastic from sugarcane molasses
containing about 50 per cent of
sugar. On condensation with phe-
nol obtained from wood tar,
molasses yields a resin insoluble in
water, which on mixing with re-
quisite quantity of filler, harden-
ing agent and lubricant gives in-
soluble and infusible thermoset-
ting plastic. The physicaland elec-
trical properties of the finished
product compare favourably with
those of phenol-formaldehyde
plastics.

Plastics from protein and lignin
was the subject of another paper
by Shri T. V. Subba Rao ( Tata
0il Mills Co. Ltd., Bombay ) who
briefly reviewed the existing knowl-
edge on proteins and lignin with
special reference to the various
processes suggested for their utili-
zation as plastic compositions.

Dr. P. K. Chaudhuri, in his
paper on thermosetting moulding
powder from agricultural wastes,
described a simple method for the
preparation of a plastic composi-
tion from groundnut shell and
sawdust without the use of for-
maldehyde. A small percentage of
a phenolic substance is necessary
to bring about the conversion of
the shell or sawdust into the
moulding powder. No special
equipment is necessary for the re-
action. The method of fabrication
is almost similar to that of the
phenolic resin. The moulding con-
ditions, the curing time, tempera-
ture, etc., are also practically the
same. The cured product is un-
affected by water and acetone and
has a high resistance to tempera-
tures up to 230°C. which it can
withstand without any sign of dis-
tortion or decomposition.

The other three papers dealt
with Plastics Industry in India
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( Shri N. Srinivasan, New Delhi );
Standardization in the Field of
Plastics (Shri V. B. Mainkar,
Indian Standards Institution,
Delhi ) and Future Possibilities of
Plastic Industry (Shri T. V. Subba
Rao, Tata Oil Mills Ltd., Bombay).

Five papers were presented on
the fundamentals of polymeriza-
tion. Shri K. C. Mazumdar
( Indian Institute of Sugar Tech-
nology, Kanpur ) put forward new
equations to explain the distribu-
tion of molecular weight of high
polymers as affected by chain
transfer.

The second paper on determina-
tion of kinetic constants of poly-
merization of vinyl monomers
using various peroxides and azo-
bisnitriles by (late) Shri Nani
Gopal Saha (Indian Association for
the Cultivation of Science, Cal-
cutta) wasread by Shri U. S. Nandi.
The author studied the kinetics of
addition polymerization with nine
substituted peroxides and seven
azobisnitriles both in bulk and in
solution. Most of the catalysts
were found to be ideal in behaviour
and follow the square root law.
Substituents were found to have
marked effect on the initiation and
transfer reactions. The nitro subs-
tituted dibenzyl peroxides were
found to behave abnormally.

Prof. Santi R. Palit read out the
last two papers, *‘ Studies on Chain
Transfer ” by R. N. Chadha and
G. S. Misra ( Lucknow University,
Lucknow) and “ Studies on Macro-
molecules ”’ by N. H. Shibarama-
krishnan and M. R. A. Rao (Indian
Institute of Science, Bangalore).
The first paper presents a study on
the chain transfer reaction be-
tween growing styrene (M) poly-
mer radical and toluene (S), when
catalysed by phenylazotriphenyl
methane (B). It has been shown
that the transfer constant from
the slope of I/P against S/M plots
at constant B/M values is not
appreciably affected by the pre-
sence of low concentrations of the
catalyst and the initiation reaction
was found to be bimolecular. The
paper on macromolecules dealt
with a study of spreading proper-
ties of rubber and its derivatives.
The effect of protein content and
solvent on the spreading of rubber
was studied and it was found that
the double bond of the isoprene
group was responsible for the
spreading property of rubber. The
rate of oxidation of rubber films as
influenced by the pH and halogens
in the aqueous substrate was dis-
cussed and a comparative study of
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the spreading and other physico-
chemical properties of chlorinated
rubber samples had been carried
out.

Studies carried out on the use of
polyvinyl pyrrolidone as plasma
expander and its chemical and
biological examination were des-
cribed in a paper on high polymer
therapy by Shri S. K. Ganguli
(Bengal Immunity Research Ins-
titute, Calcutta). The product was
made isotonic with blood with the
addition of electrolytes and tested
biologically for maintenance of
blood pressure by intravenous
transfusion in artificially bled ex-
perimental animals.

Dr. S. Mukherjee (Indian Insti-
tuteof Sugar Technology, Kanpur)
in his paper on ion exchange resins
from sugars described the prepa-
ration of a number of cation ex-
change resins from sugar using
different proportions of sucrose
and phenolsulphonic acids at
different temperatures of conden-
sation.

Dr. S. K. Mukherjee ( Science
College, Calcutta) presented a
paper on the use of ion exchange
membranes as electrodes in the
determination of the activities of
alkali metals. Thisis an improve-
ment on the old clay membranes
in which Dr. Mukherjee substi-
tuted ion exchange clay by syn-
thetic resins thereby improving
the accuracy and sensitivity of the
method. Some possible develop-
ments on the preparation of these
membranes in which mixture of
ions could be determined by pro-
per choice of some fixing compo-
nents on the resin molecule were
suggested.

In a comprehensive survey of
ion exchange resins, Dr. S. L.
Bafna ( National Chemical Labo-
ratory, Poona) dealt with vari-
ous aspects of the subject with
special reference to the modern
uses of anion and cation exchange
resins and the application of the
basic principles for synthesis of
cross-linked polymers to the syn-
thesis of ion exchangers.

The concluding paper dealing
with gums as polyelectrolytes was
read by Dr. Sadhan Basu ( Indian
Association for the Cultivation of
Science, Calcutta ). Dr. Basu ob-
served that natural gum acid salts
like sodium arabate and sodium
salt of agar acid have been found
to behave like synthetic polyelec-
trolytes, e.g. polyvinyl pyridinium
methyl bromide. The results which
have been corroborated by visco-
metric and osmometric methods,
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point to the conclusion that gum
acids are linear chain polymers
with some branching.

International Conference on
Low Temperature Physics

THE THIRD INTERNATIONAL CON-
ference on Low Temperature Phy-
sics and Chemistry was held in
Houston, Texas, on 17-22 Dec.
1953.  Delegates from leading
laboratories in England, Holland,
Belgium, France, Switzerland,
Germany, Canada, Australia and
the U.S.A. attended the confer-
ence. Over one hundred papers
were presented and the sessions
covered a wide field of studies at
liquid helium temperatures. The
properties of liquid helium isotope
three and the new theory on
superfluid liquid helium by Prof.
Feynman of California Insti-
tute of Technology were much
discussed. A new magnetic cycle
refrigerator capable of maintaining
a constant temperature of 0-2°K.
was described by Dr. C. Heer and
Dr. J. Daunt of Ohio State Uni-
versity.

Prof. Pippard reported experi-
ments on the residual flux trapped
in superconducting tin-indium
alloys. The experiments consisted
of measuring the flux in a tin-
indium cylinder after the super-
conducting transition has been
effected by removing a transverse
magnetic field. For tin with less
than 1-8 per cent indium, it is
found that the percentage of flux
trapped (defined as 8xM/Hc,
where M is the magnetic moment
of the rod and Hc the critical
field for the temperature at which
the transition is made ) is constant
at low temperatures and decreases
near the critical temperature. For
2 per cent indium content, the be-
haviour is quite different. The
percentage of flux frozen in is
constant at low temperatures but
increases very sharply near the
critical temperature. These results
are taken as evidence that the
indium impurity can lower the
interphase surface energy between
normal and superconducting re-
gions.

Results of high pressure research
at low temperatures were present-
ed by several authors. C. A. Swen-
son of M.I.T. described an appa-
ratus capable of producing 10,000
atmospheres pressure with which
he is studying Young’s modulus of
selected materials at temperatures
from 300° to 4°K. M. D. Fiske of
General Electric reported an inge-
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nious ‘““ hot wire” technique by
which he is able to obtain hydro-
static pressures with solid helium.
G. O. Jones of Queen Mary College,
University of London, presented
his recent investigations on the
effects of pressures up to 40,000
atmospheres (obtained at the apex
of a double cone clamped tightly
before cooling) on the phenomenon
of superconductivity. Jones found
that this extreme pressure reduces
the temperature at which tin, lead
and thallium become supercon-
ducting. For tin and lead the re-
sults are in accord with previous
work at much lower pressures, but
in the case of thallium, Jones's
results are opposite in sign and
thus contradict early low pressure
work and recent high pressure
work by Fiske, who used the same
technique as Jones. The most
spectacular result of Jones’s work
was that he has caused bismuth,
which at extremely low tempera-
tures has remained a normal con-
ductor, to become superconduct-
ing at 7°K. under 40,000 atmo-
spheres.

There were a number of interest-
ing papers on magnetism at low
temperatures. Dr. N. Kurti of
Oxford University reported the
work on nuclear orientation — the
nuclei, in particular the spin assig-
ment of the various levels, the
multipole character and parity
changes of the transitions and
finally the nuclear magnetic mo-
ment of the radioactive nucleus.
The measurement consisted in the
determination of the polar dia-
gram of the gamma-ray emission
and of the directions of the polari-
zation of the gamma rays.

The theory of liquid helium was
a subject of considerable discus-
sion. Prof. Feynman presented a
paper on the nature of the elemen-
tary excitations in the liquid. At
very low temperatures, near the
absolute zero, the excitations con-
sist of phonons, as has already
been suggested by Landau and
supported by the results of experi-
ments on second sound. At tem-
peratures above 0:6°K., other
excitations are important. These
excitations are similar to the
‘“ rotons ”’ proposed by Landau
and consist of the rotational
motion of small groups of atoms.
The Bose-Einstein character of
Het is important for the existence
of these excitations. Approaching
the condensation from the high
temperature side, the picture is
somewhat different. Prof. Feyn-
man ascribes the lambda transi-
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tion to the Bose-Einstein conden-
sation, but has described the pro-
perties below the lambda tempera-
ture only in terms of the excita-
tions described above.

Dr. Temperly also reported work
on the theory of helium isotopes
three and four and described the
structure of He* in terms of small
aggregates of atoms, a picture
somewhat similar to that present-
ed by Prof. Feynman. The theory
has the advantage that both
helium transitions can be treated
in one model. Dr. Temperly also
described how the introduction of
Van der Waals forces in an ideal
Fermi gas could describe roughly
the melting and evaporation of
helium three.

Several experiments of funda-
mental importance for the theory
of helium isotope three were re-
ported. Vapour pressure measure-
ments down to 0-47°K., reported
by S. G. Sydoriak and T. R.
Roberts of Los Alamos Scientific
Laboratory, are in agreement with
the calculations of Chen and
London, who have predicted that
there is no excess of entropy at
higher temperatures. These mea-
surements indicate that there is no
transition in He? at some lower
temperature similar to the lambda
transformation in Het. The mea-
surement of G. de Vries and J. G.
Daunt of Ohio State and of
Osborne, Abraham and Weinstock
of Argonne National Laboratories
on the specific heat of He?® also
indicates that there is no excess
entropy at the temperatures in-
vestigated. These measurements
also seem to show that the specific
heat of He3 is not linear with tem-
perature, as would be expected for
an ideal Fermi gas: The nuclear
susceptibility measurements of W.
Fairbank, W. Ard, H. Dehmelt,
and W. Gordy of Duke University
also show that He? does not behave
as an ideal Fermi gas down to 1°,
since the susceptibility does not
become independent of the tem-
perature, as would be expected,
but is still proportional to the reci-
procal of the temperature. To
support the importance of the
Bose-Einstein condensation in
the theory of liquid helium, Drs.
Guttman and Arnold of the Uni-
versity of Chicago reported ex-
periments demonstrating the non-
participation of He® in the super-
fluidity of Het.

A number of other papers
reported experiments on the pro-
perties of helium isotope four.

Measurements at the National
Bureau of Standards, U.S.A., by
R. Hudon and W. Hanson on the
attenuation of second sound and
similar measurements by K. Atkins
at Toronto indicate that the
normal thermal conductivity as
well as the viscosity must be taken
into account, as predicted by
Khalaunikov. Measurements on
the helium film reported by K.
Mendelssohn and by L. C. Jackson
indicate that the mechanism of the
formation of the film is still not
well understood. The thickness of
the film seems to depend on the
method of measurement and the
relation of the thick saturated film
to the unsaturated film is still
something of a mystery.

G. Hercus and J. Wilks of Ox-
ford reported measurements on
the specific heat of helium. They
report results that are about 10
per cent higher than those found
by previous workers. Their results
seem to be in agreement with some
of the already available thermo-
dynamic data.

Measurements of the suscepti-
bility of a paramagnetic salt be-
tween 1-2° and 4-2° by R. Ericksen
and L. Roberts of the University
of Tennessee and Oak Ridge
National Laboratories indicate
that the present vapour pressure
temperature scale for Het may be
in error by as much as 12 millideg.
at the lambda point. These con-
clusions are confirmed by compari-
son with other thermodynamic
data.

Development of pepper and
cashew-nutindustries inIndia

THE CREATION OF A SEPARATE
fund of Rs. 125 crores at the
Centre for the development of
pepper and cashew-nut industries
is the main recommendation made
by the Spices Inquiry Committee
in its report to the Government of
India. Pepper and cashew-nuts
are themost important dollar-earn-
ing commodities of South India,
pepper earning nearly Rs. 13:13
crores and cashew kernels about
7 crores per annum, The Com-
mittee has, therefore, recommend-
ed that their scientific develop-
ment should be undertaken for the
benefit both of the producing
States and the Central Govern-
ment.

In addition to pepper and
cashew-nut, the Committee has
separately dealt with the problems
of cardamom, ginger, turmeric and
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lemongrass oil and the recommen-
dations are given below.

Black pepper — Nearly half of
the world supply of 43,500 tons is
produced in India, the bulk of the
indigenous production being ex-
ported to overseas market. The
average annual exports from India
during the triennium ended 1952-
53 amounted to 14,000 tons,
valued at Rs. 2117 crores.

In order to reduce the cost of
production and offer more com-
petitive prices to foreign consu-
mers, the Committee has recom-
mended that two regional research
stations should be started in the
important producing areas of
Travancore-Cochin and Malabar
and two sub-stations at Sirsi in
North Kanara and some suitable
hill area in Assam. In order to
increase internal production, it has
urged encouragement being given
to: (1) intensive methods of culti-
vation, (2) replacement of old and
uneconomic vines and (3) exten-
sion of cultivation wherever possi-
ble. To provide the necessary in-
ducement, the Committee has
recommended that the Govern-
ment of India should create a
Pepper Development Fund and
earmark from the export duty
levied on this article a sum of not
less than Rs. 1 crore for develop-
ing the production and marketing
of these crops according to an
integrated ten-year plan.

Cashew-nut — India is the prin-
cipal source of supply of cashew-
nut in the world markets and ac-
counts for more than 95 per cent of
the international trade in this pro-
duct. The raw cashew-nut, how-
ever, is in short supply in India
and out of the 26,012 tons of
kernels processed in India during
1951-52, nearly half the quantity
was extracted from raw cashew-
nut imported from East Africa.

The Committee urges encourage-
ment of extensive cultivation of
the crop on a plantation basis on
the east coast of Madras, the
coastal districts of Ratnagiri and
North Kanara in Bombay State
and parts of Coorg and Mysore.
The Committee recommends the
creation of a development fund of
Rs. 25 lakhs for a period of 10
years for extending cashew-nut
cultivation and other develop-
mental measures concerned with
the industry. An important by-
product of the cashew-nut process-
ing industry is the cashew-shell
liquid. As the industrial utiliza-
tion of this byproduct presup-
poses a uniform quality, the Com-
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mittee has recommended the
adoption of standard specifications
for its manufacture.

Cardamom — India is the prin-
cipal supplier of cardamom in the
world. The normal crop is expec-
ted to be 1,800 tons, while the ave-
rage demand for this spice in the
world markets is reckoned at
hardly 1,200 tons annually. The
Committee has recommended that
research should be carried out by
the National Chemical Laboratory,
Poona, and the Council of Scienti-
fic & Industrial Research to find
out alternative uses of cardamom
and cardamom oil, and for greater
utilization of this spice in India
itself. It has also suggested the
opening of two additional research
stations for conducting agronomic
and botanical researches on the
crop, one in the Saklespur area
(Mysore State) and the other in
the Cardamom Hills of Travan-
core-Cochin.

Ginger — In India, the prepara-
tion of commercial dry ginger is
largely confined to Travancore-
Cochin and Malabar on the west
coast, and the average annual
supply from these sources is reck-
oned at 10,000 tons, as against
1,500-2,500 tons available from
Sierra Leone and 1,000-1,500 tons
from Jamaica. Indian varieties
are, however, not much preferred
because of their higher fibre con-
tents as well as relatively higher
price. Since the export trade is
largely dependent on improve-
ment in the quality of indigenous
varieties, the Committee has re-
commended the opening of re-
search stations in all typical pro-
ducing areas.

Turmeric — The total annual
out-turn of dry cured turmeric is
1,20,000 tons, out of which 10,000
tons are exported. As the Com-
mittee was unable to obtain ade-
quate evidence concerning the
problems of the industry, it has
recommended a detailed survey of
the industry by the Central Gov-
ernment.

Lemongrass oil — India is the
largest supplier of the oil in the
world markets, the main produc-
ing areas being Travancore-Cochin
and Malabar. The annual supply
of the oil is at 700 tons at present,
but the demand for it has declined
since last year.

Preliminary investigations car-
ried out by the Government of
Travancore-Cochin have indicated
the possibility of utilizing Indian
lemongrass oil for synthesizing
ionones and vitamin A, The Com-
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mittee has, therefore, recommend-
ed that a pilot plant should be set
up in the State for the commercial
manufacture of these synthetic
products and that the Central
Government should subsidize this
project and encourage the use of
these products by Indian indus-
tries.

Indian Standards

THE ISI HAVE RECENTLY ISSUED
a standard (1S:456) entitled
““ Code of Practice for Plain and
Reinforced Concrete for General
Building  Construction . The
publication is intended chiefly to
cover the technical provisions
relating to the use of cement con-
crete and reinforced cement con-
crete in general building construc-
tion. In such structures as tanks,
reservoirs, chimneys, bridges, shell
structures, etc., where the specia-
lity of the structure relates princi-
pally to the mechanics of design,
the general provisions of this code
may be applied with such modifi-
cations as found necessary to suit
the special conditions of the case
under consideration. This code
does not apply to special types of
concrete constructions such as
pre-stressed concrete construction.
In addition to sections explaining
Terminology and Symbols used in
the code, other sections deal with
Materials, Concrete mix, Design,
Workmanship, and Inspection and
Testing. The 10 appendices in-
cluded in the code are: Specifica-
tion for cold twisted steel bars for
concrete reinforcement; Prelimi-
nary test for compression strength
of concrete; Field method of deter-
mining the necessary adjustment
for bulking of fine aggregates;
Method for determining surface
moisture in fine aggregates; Works
test for compression strength of
concrete; Works test for trans-
verse strength of concrete; Test
for consistency of concrete (slump
test ); Live loads and wind loads
in buildings; Specification for
welding of reinforcement in rein-
forced concrete work; and Equi-
valent designations of IS, BS,
ASTM and Tyler test sieves.

The following are some of the
other standards issued by the
Indian Standards Institution: (1)
benzole, industrial grade; xylol,
industrial solvent grade; amyl
alcohol, industrial solvent grade;
butyl alcohol, normal, industrial
solvent grade; (2) methods of
test for dissolved acetylene; (3)
hard coke; (4) glass making sands;



(5) cotton-covered copper wire
and enamelled copper wire; (6)
expanded metal made from steel;
(7) general lighting service electric
lamps; (8) reels for electrical wind-
ing wire.

The British Welding Journal

THIS NEW MONTHLY HAS BEEN
started with the co-operation of
the Institute of Welding and of
the British Welding Research
Association. The journal is intend-
ed to provide a unified avenue of
publication for all aspects of weld-
ing, and amongst the papers con-
tained in the first issue are: weld-
ing as a career; the welded struc-
ture in a pump-house foundation;
the effect of steel quality on spot-
welding properties; and the use of
self-adjusting arc equipment for
welding a light-alloy deckhouse.
The journal is published from
2 Buckingham Palace Gardens,
London S'W. 1 ( members, free;
non-members, 10s.). .

Announcements

Lady Tata Memovrial Trust Awards,
1954-55 — International awards
of varying amounts ( totalling
£6,275) for research in diseases of
the blood with special reference to
Leucaemias are made to Doctors
J. F. Kieler ( Denmark ), Astric
Fagraeus and Bo. Thorell ( jointly)
( Sweden ), R. Rask-Nielsen ( Den-
mark ), R. Robineaux ( France),
J. Nordmann (France), N. A.
Stenderup and F. Kissmeyer-
Nielsen (on a joint research pro-
ject) (Denmark), J. Ringsted
( Denmark ), J. Rygaard ( Den-
mark ), M. Seligmann ( France),
G. Negroni ( Italy) and A. Sree-
nivasan ( Bombay ).

Indian scholarships of Rs. 250
per month each for one year for
scientific investigations having a
bearing on the alleviation of
human suffering from disease are
awarded to Dr. ( Mrs.) M. Aikat
(Gwalior), Miss K. S. Laul
( Bombay ), Mr. P. R. J. Ganga-
dharam ( Bangalore), Mr. N. V.
Bringi (Bombay), Dr. R. S.
Grewal (Lucknow), Mr. N. A.
Nityananda Rao ( Bangalore ) and
Mr. T. K. Sundaram ( Madras ).

Science Research Scholarships —
Shri K. Aghoramurthy of the
University of Delhi and Shri S.
Chandrasekhar of the Indian
Academy of Science, Bangalore,
have been awarded the 1954
Science Research Scholarships by
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the Royal Commission for the
London Exhibition of 1851 and
the Rutherford Scholarship of the
Royal Society, London.

A symposium on ‘‘ The Vegetation
Types of India’ will be held at
Baroda by the Indian Botanical
Society on 31 Dec. 1954. The
topics covered are: forests, grass-
lands, aquatic vegetation, man-
grove, desert vegetation, vege-
tation of other habitats such as
sand dunes, silted banks, eroded
and barren areas, etc. Workers in
the field are requested to send their
manuscripts together with brief
abstracts so as to reach the Con-
vener, Steering Committee, De-
partment of Botany, University of
Saugar, Saugar, by 1 Sept. 1954.

The XX VII International Congress
of Industrial Chemistry is to be
held in Brussels from 11 to 19 Sept.
1954. The Congress will include
29 sections grouped under the
following main headings: (1) gene-
ral problems of the chemical
industry; (2) fuels; (3) nuclear
science; (4) metallurgy; (5) indus-
trial inorganic chemistry; (6) ce-
ments, building materials, glass-
ware, ceramics, enamels; (7) indus-
trial organic chemistry; (8) food-
stuffs and agricultural industries;
(9) colonial problems; (10) or-
ganization: industrial, commer-
cial and professional. Full parti-
culars of the Congress may be
obtained either from the Secre-
tariat du Comite d’Organization,
XXVII Congress International de
Chimie Industrielle, 32 Rue Joseph
II, Brussels, or from the Commis-
sion Permanente d’'Organization
des Congres de Chimie Industrielle,
28 Rue Saint Dominique; Paris 7.

INSTRUMENTS & APPLIANCES

MobDIFIED INFRA-RED GAS
ANALYSER

The following advantages are
claimed for a new infra-red gas
analyser, the type S.B.I.: greater
compactness and flexibility, sav-
ing in cost, reduced effect of vibra-
tion, maximum sensitivity, and a
simple electrical circuit.

The instrument can be used
either with a spot galvanometer
such as that manufactured by the
Cambridge Instrument Co. Ltd.,
or with a Philips valve voltmeter.
An internal battery provides the
high voltage, 90 V., for the single
amplifying valve; since the anode
current is only 0-3 ma. the battery

" has a long life. If desired the high

voltage supply can be taken from
the Philips valve voltmeter when
thisisused. Low voltage supplies
are obtained from a.c. mains and
are stabilized with a constant volt-
age transformer.

An inexpensive recorder such as
the Elliott, type 230, can be con-
nected directly to the output cir-
cuit of the valve voltmeter. This
recorder is available with high and
low relay contacts so that alarms
or controllers can be operated
without difficulty. The output
from the gas analyser can be
applied to a C.R. oscilloscope
when the fastest possible response
is required.

When the highest sensitivity is
required, two 20 cm. tubes are
used. A sensitivity of full scale for
0-01 per cent by volume of such
gases as carbon dioxide and nitrous
oxide can be achieved. Normally
the sample tube is fitted with
mica windows, but fluorite can be
substituted at an extra cost if,
for example, the tube is to be
evacuated.

The multi-cell arrangement pro-
vides three paths in the ratios
1:20: 100, so that with most gases
the ranges 0-1, 0-10 and 0-100
per cent can be covered. A tap
system is incorporated so that the
range is changed by setting the
taps. No other adjustment is
required in operation.

An important advantage of this
arrangement is that the calibra-
tion of the instrument can easily
be checked by setting to the 100
per cent range and passing in the
pure gas. Four fluorite windows
are used in the multi-cell to ensure
accurate path lengths. The cell
is demountable for cleaning. Dry
carbon dioxide-free air or other
non-absorbing gas is passed
through the tubes not in use. The
instrument is manufactured by
C. A. Parsons & Co. Ltd., England.

ELECTRONIC RECORDING DEVICE

The new Philips electronic appa-
ratus consists of a potentiometer
which is continuously balanced
with the aid of an electronic am-
plifier and a servomotor system.
Direct reading is obtained on an
indicator dial and the voltage can
be recorded at any instant by a
pen, connected with the servo-
motor dial drive, on a paper roll
continuously driven by a syn-
chronous motor. Special features
claimed are its high precision
currentless measuring, high sensi~
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tivity, high speed balance, remote
measuring possibility, etc.

TEMPERATURE TRANSMITTER

A new air-operated transmitter
for distant indication, recording
and control of temperature incor-
porates a mercury-in-steel system
and is suitable for temperatures
up to 650°C. It employs the force
balance principle, requires a com-
pressed air supply of 20 p.s.i., and
has a consumption of 1/6 cu. ft,
per minute.

The following advantages are
claimed for the device which has
been designed by Negretti &
Zambra Ltd., England: no capil-
lary is required between the sensi-
tive bulb and receiving instru-
ment; the force balance principle
needs only a maximum movement
of 0002 in. of the Bourdon tube,
thus ensuring freedom from fatigue
and a long life; a small sensitive
bulb is used giving a high speed of
thermal response, and the sensiti-
vity of the balance system is such
that for a temperature change of
0-5 per cent of the range the air
leak valve remains wide open or
fully closed until balance condi-
tions are obtained, i.e. the correct
value is transmitted in minimum
time. A span as small as 20°C. is
normally available.

The temperature pressure rela-
tionship is linear over the whole
scale to within -+ 0-5 per cent; the
pressure output is the standard
3-15 p.s.i. for any given range, and
no external booster or relay is
required on piping runs up to 200
ft. Higher speed of response can
be obtained, for example when
required for air conditioning con-
trol, by using a capillary- type
bulb; the system is not affected by
changes in barometric pressure.

The pressure output is not in-
fluenced by ambient temperature
variations up to 30°C. at the
transmitter head. For high tem-
perature ranges a stem extension
is introduced.

In addition to the measurement
transmitter an alternative type is
available incorporating a control
mechanism which can be directly
connected to a control value.

RADIOPAQUES

Iodinated organic compounds such
as chloriodized oil, iodoxyl and
diodone are now being manufac-
tured by Bengal Immunity Co.
Ltd., Calcutta, for use as X-ray
visualization diagnostics. The
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compounds are claimed to satisfy
the necessary requirements of
radiopaques.

LicHT-WEIGHT TUNING FORK

A light-weight Mg-Al alloy tuning
fork developed by Hargolal &
Sons, Ambala Cantt., is claimed to
be accurate to 41 per cent. The
influence of mechanical fatigue
and temperature is considerably
minimized.
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Progress Reports

RESEARCH ON COFFEE

THE WORK OF THE TWO RESEARCH STATIONS OF THE
Indian Coffee Board at Balehonnur and Chethahalli
during the year 1951-52 shows that both the stations
devoted considerable attention to vegetative pro-
pagation and hybridization of coffee, and to manu-
rial trials. A notable project initiated was the
commencement of a randomized layout for com-
paring the clonal progeny of robusta and arabica
cultures selected on the basis of their yield per-
formance during 1949-50 with a view to single out
best performers for multiplication and distribution.

Botany — Special attention was devoted to work
on (1) production of hybrid seeds from controlled
pollination of parents that are known to produce
vigorous progeny, (2) vegetative propagation of clo-
nal material from outstanding bearers, (3) compa-
rativetrialsof clonal plants from the best performers
for eventual isolation of the best and (4) a search of
best bearers in private estates. In addition to
raising clonal progeny of selected 36 arabica and
17 robusta cultures, 1,039 clonal progeny of 40
selected Kent plants were raised and utilized for
laying out manurial experiments.

The grading of coffee according to bean size and
shape is of importance from the marketing point of
view. With a view to classify the latest arabica
selections according to their bean size and shape,
50 flat beans were taken at random from 31
cultures and precise measurements were taken of
their length and breadth. The 31 single plant
cultures fall into three grades, viz. longish, roundish
oblong and roundish, and that the individual plant
selections made from the same plant family do
not always fall within the same classification.

Manurial experiments — A new manurial experi-
ment was started during the year under natural
shade with a view to study the effect of 40, 60,
80 and 100 Ib. of nitrogen per acre on yield of
coffee. The yield of ripe cherry as well as clean
coffee was significantly enhanced by the doubling
of nitrogen manure.

In another set of manurial experiments using
nitrogen, phosphorus and potassium fertilizers, soil
analyses were carried out periodically, once before
the application of manures in May and again after
the monsoon before the second application of
nitrogenous manures, to assess the proportion of
plant foods used by coffee and that lost by leaching.
The amount of nitrogen in the 9-18 in. layer was
found to be higher than in the 0-9 in. layer in all the
treatments, thus indicating percolation of nitrogen
into that layer. On the other hand, the potash
content was slightly more in the 0-9 in. layer
than in the 9-18 in. layer.

The experiment laid out in 1950-51 to study the
release of nitrogen from the root nodules of Erythrina
lithosperma plants consequent to lopping of branches
was continued. In the first season the quantity of
nitrogen contained in the nodules, before the
treatments were applied, was quite high. A
general reduction in the nitrogen content followed

after lopping. From observations made on the
percentage of average nitrogen content in soil
samples around the plants, it appears that the
nitrogen in the root nodules is not released to the
soil on lopping but is utilized by the plant for
vegetative growth.

Ten green manure plants were analysed with
reference to their leaf/stem ratio, nitrogen and C/N
ratio, P,O; and K,O content. Crotalaria striata and
Tephrosia vogelii appeared to be the best of the
plants investigated.

Abnormal fall of apparently healthy leaf, occur-
ring usually after a wet spell, was traced to chlorosis
due to carbohydrate deficiency.

Agronomy — Experiments were started to find
out the viability of germination of arabica seed:
(1) with parchment cover intact, (2) cover partially
split, and (3) cover completely removed. Seeds
sown after completely removing parchment cover
at sowing were found to germinate 15 to 20 days
earlier, those with split parchment cover a week
to 10 days in advance compared to the seeds sown
with parchment cover intact. Investigations on
the growth of seedlings raised from seeds with and
without seed cover at sowing for a period of one
year failed to show any significant difference. It
is concluded that any damage to the parchment
cover at the time of sowing does not impair the
germination capacity nor the growth of seedlings
raised from them.

An investigation was carried out to find out the
optimum concentrations of different factors pro-
moting growth in order to produce high percentage
of rooting in sucker cuttings. Auxin treatment
for 12 hr. at a concentration of 100 parts per mil-
lion was found optimum for the development of
root. With dichloro-phenoxy acetic acid, however,
the optimum concentration was found to be 5 parts
per million. In the case of indole butyric acid
though the roots were thinner compared to other
treatments, the number of roots was more with
profuse secondaries and tertiaries. In all cases
first and second internodes started rooting earlier—
within a month after planting. It is, therefore, not
desirable to allow the suckers to grow beyond the
fourth internode for quicker root formation in the
cuttings.

INDIAN CENTRAL TOBACCO COMMITTEE,
ANNUAL REPORT, 1952-53

AN INCREASE OF OVER 32 MILLION LB. IN THE
production of tobacco was registered during the
year ended March 1953, over the previous year.
The area under cultivation also increased by 86,000
acres over 1951-52. The exports of manufactured
and unmanufactured tobacco, however, declined
from Rs. 22 crores in 1951-52 to Rs. 15-57 crores dur-
ing the current year due primarily to increased con-
sumption within the country and a fall in demand for
certain grades of Indian tobacco from Hong-Kong,
China, Russia and Pakistan. The data for the last
three years are given in Table 1.
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TABLE 1
YEAR ACREAGE ProDUCTION EXPORTS

( million 1b.) —— )

Quantity  Value
( million  ( million

Rs.)

1950-51 902000 589 113-70 182-8

1951-52 712000 459 123-69 220-2

1952-53 798000 490 80-89 155-7

Flue-cured tobacco — Nursery experiments indi-
cated that 80 lb. nitrogen as ammonium sulphate
and 3-33 lb. seed rate per acre of nursery was the
best combination. Farmyard manure increased
the total number of seedlings as well as number of
transplants significantly. Rabbing of seeds proved
beneficial and the number of transplants in rabbed
beds was nearly thrice that in unrabbed ones.

Topping at inflorescence stage resulted in higher
yields but there was a reduction in the percentage
of brighter grades which was, however, higher in
fertilizer treatments than in non-fertilizer treatments.
At Rajahmundry in a study of the curing quality
of leaves according to their morphological position
on the plant the best percentage of bright grades
was obtained from about the eleventh node.

It has been confirmed that incidence of Oro-
banche attacks due to wind-borne seeds from other
fields is negligible compared to the incidence due
to the seeds left in the fields from previous years.
The method of control of Orobanche by hand-
picking before it matures has proved successful,
and is now recommended by the Tobacco Research
Institute for adoption by the farmers.

Preliminary observations on the incidence of
leaf-curl on 22 varieties of tobacco and two species
of Nicotiana showed that all varieties took severe
natural infection except N. rustica. Two insecti-
cides, Pyrocolloid and Derryphytan, at 0-5 per cent
concentration, were found to be effective against
white-flies, the vector of leaf-curl virus. A new
disease causing rot of the basal portions of stems
had been observed on Nicotiana rependa plants
during the season and the causal organism was
identified as Sclerotium sp. Nicotiana tabacum
(var. H.S.), N. alata, N. trignophylla, N. glauca,
N. plumbaginifolia and Capsicum annum were
found to be suscepts on artificial inoculation.

Cheroot tobacco — Studies on topping and manu-
ring in relation to planting dates showed that
application of 100 lb. nitrogen increased the yield
by 31 per cent over no nitrogen and topping at 16
leaves by 6 per cent over 14 leaves. The incidence
of Orobanche on tobacco was not reduced by the
previous crop of chillies.

Wrapper tobacco— During the year a new
station for wrapper tobacco was opened at Din-
hata, Cooch Behar.

Bidi tobacco — Increase in the level of nitrogen
generally increased the nicotine content of leaf,
whatever be the source of nitrogen. Farmyard
manure showed better residual effect than oil
cakes.

Hookah tobacco: N. tabacum — In a new experi-
ment to find out whether sodium nitrate can be
used in place of ammonium sulphate, both the
fertilizers were tried at 2 levels, 100 1b., 200 Ib.
nitrogen per acre, along with no manure and with
and without farmyard manure at 300 1b. nitrogen
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per acre. The basal dressing suppressed the yield
in this experiment and sodium nitrate at both
levels yielded higher than ammonium sulphate at
200 1b. nitrogen.

The effect of yield on rotations was studied.
Among the four rotations tried, tobacco-tobacco,
tobacco-potato, tobacco-maize and tobacco-chari
fodder, the yields of tobacco were in the order of
rotations mentioned, all the differences being
significant. In addition to yield, in tobacco-
tobacco, the appearance of leaf was also good.

N. rustica — In an experiment to find out the
best source of nitrogen, ammonium sulphate,
ammonium phosphate, potassium nitrate and
farmyard manure all at 100 1lb. nitrogen per acre
were tried with and without 50 lb. K,0 and with
a basal dressing of 100 lb. nitrogen as farmyard
manure. The fertilizers did not differ significantly
but all were better than farmyard manure.

Of the 11 dates of planting from 1 February to
11 April, at weekly intervals, it was found that plant-
ing about the middle of February was optimum.

Nicotine estimations conducted for all the
treatments in the different agronomical experi-
ments showed that generally nicotine content in-
creased with nitrogenous manuring.

Studies on the intake of nitrogen showed that
N. tabacum and N. rustica absorbed 17-5 1b. and
22:0 Ib. nitrogen per acre respectively when un-
manured and the intake increased to 40-50 Ib.
when manured with 100 1b. nitrogen per acre.
The intake was higher in the case of split doses of
nitrogen than single dose at planting time. The
ratio of nicotine to non-nicotine nitrogen was 16-17
per cent in N. rustica and 5-7 per cent in N. tabacum.
Manuring with nitrogen had no effect on this ratio
in N. rustica but an increase was recorded in N.
tabacum.

Development — The improved method of curing
developed by the Committee has been tried on the
farms over a three-year period. Savings to the
extent of 20 per cent in fuel and 7 per cent in the
time of curing have been effected by this method as
compared to the farmer’s method of curing. The
improved method also yields a better product
which fetched an extra premium of Rs. 56/14 per
candy of 500 Ib. over that of the local method.

Marketing and trade — During the year over 97
million lb. of tobacco valued at approximately
Rs. 12:04 crores were graded and marked for
export at 33 different centres,

The question of regulation of export of tobacco
on consignment basis and the maintenance of
uniform percentage of moisture in re-dried tobacco
exported to foreign countries received active con-
sideration of the Committee during the year and
the following measures have been adopted: (1) Every
factory should maintain a proper record of analysis
of moisture in tobacco samples in forms approved
by the Agricultural Marketing Adviser to the
Government of India; (2) the factories should
undertake to test at least 10 per cent of the packages
re-dried by them and furnishacopy of the analytical
report on each parcel of tobacco re-dried and packed ;
(3) every authorized packer applying for a certi-
ficate of Agmark grading should enclose with his
application a copy of the moisture analysis report;
and (4) a standard moisture testing outfit should
be maintained in the office of the Chief Inspector,
Tobacco Grading.



PROGRESS

WOOL RESEARCH IN BRITAIN

THE ANNUAL REPORT OF THE WOOL INDUSTRIES
Research Association, U.K., records considerable
progress in the various phases of its activities. In
addition to its share of the statutory levy for
research, the Association received funds for the
purchase of equipment from Marshal Aid and
£5,000 as Conditional Aid from the U.S.A. for
investigating the relative merits of automatic and
non-automatic looms in the woollen and worsted
industries.

Some new machines were fabricated during the
year, the more important of these being a wear
tester and a resilience tester for carpets, a pilot
plant for scouring wool having bowls of width one
quarter that of the normal plants, a unit for mea-
suring tension in weft, and a laboratory loom for
studying the effect of loom timing and setting on
fabric appearance,

Technology — Impregnation of wool fibres with
radioactive phosphorus ( as phosphoric acid ) was
used to investigate the drafting process. The
results have shown that whether or not a fibre is
accelerated from the speed of the back to the
front rollers depends on chance contacts of the
fibre in question with the fast-moving fibres which
are gripped by the front roller nip. The theory of
drafting should, therefore, be built up on the basis
of chance contacts between fibres. This work has
been useful in throwing light on the relative efficiency
of different drafting systems.

Studies on weaving have revealed that the
tension in the weft yarn drops very quickly when
the shuttle stops, and may be only a small fraction
of the picking tension by the time the warp shed
crosses. This suggests that the effect of tension
of yarn coming from a shuttle on the formation of
weft bars is an indirect one depending on the
decay of extension of the yarn, which is usually
much less rapid than the decay of tension. Weft
breakage has been shown to be unaffected by 30-
60 per cent relative humidity.

Experiments on scouring of worsteds for flannel
finish revealed the possibility of effecting consider-
able economy in the consumption of soda ash and
soap, especially in the case of white shades, without
detriment to the efficiency of the scour.

The practicability of dyeing wool at high tem-
peratures without undue fibre damage has been
confirmed provided the pH of the dye liquor is kept
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within certain limits and certain duration of treat-
ment is not exceeded.

Testing — A rapid and simple method of com-
paring the strengths of two yarns without the
help of a strength machine has been devised.
Short lengths of the two yarns to be compared are
joined together and broken by pulling, a note being
made of the frequencies of breaks in the two yarns.
The statistical method of sequential analysis is
then used to determine which of the two yarns is
stronger.

Biological research — Studies on the development
of fleece and follicle population in different breeds
of sheep have emphasized the importance of secon-
dary to primary follicle ratio in the development
of fine wool. Other factors which influence the
secondary to primary ratio are nutrition of the sheep
before and after birth of the lamb and breeding.

Chemistry — A study of partial hydrolysates of
wool has shown aspartic acid to be preferentially
liberated during high temperature hydrolysis of
wool with hydrochloric acid. With boiling hydro-
chloric acid, valine is liberated more slowly than
leucine or isoleucine. The carboxy terminal end
groups of wool were found to be serine, glycine,
threonine and alanine.

Diffusion experiments with the acid dye Orange 1I
containing radioactive sulphur confirmed the result
that the dye anion has a very low diffusion co-
efficient in horn membranes, and is strongly adsorb-
ed by keratin so that it tends to eliminate smaller
anions from wool fibres. Examination of the setting
of snarly yarns by steaming has shown that the
setting is temporary, and takes place to a large
extent during the drying period after steaming.
At constant strain, the stress relaxation is reversible
so that an apparent increase in stress occurs on
rewetting or resteaming after drying. Investiga-
tions with single fibres show that setting is a fibre
property, and that the fibre becomes stiffer both
with regard to binding and twist when steamed
becoming more pliable on drying.

Surveys — Surveys undertaken by the Association
include those on commercial scouring and carding
processes. The data obtained from these surveys
have provided valuable information on the efficiency
of commercial scouring and on the fibre breakage
that occurs in carding and later processes. A
survey on neps showed that neps are related to the
total fibre length in a top, i.e. to the total length
obtained by placing every fibre end to end.
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INDIAN PATENTS

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

Chemicals, plastics, rubber, paints and allied products

48344, Methods of preparing isonicotinic acid by
oxidizing mixtures of pyridine homologues:
A mixture of pyridine homologues is oxidized
with nilric acid ov a mizture of nitvic acid and a
nitrate at a temperature not less than 150°C. and
under super-atmospheric pressure — AKTIEBOLA-
GET BOFORS

50112. Derivatives of phenthiazine: N’-substituted
10-aminoalkyl phenthiazines, the alkyl group
representing an aliphatic chain containing 2 or
3 carbon atoms, are preparved from the corves-
ponding phenthiazine, aminoalkylphenthiazine,
halogenophenthiazine or phenthiazine aldehyde
used as starting materials — SoCIETE DEs
UsINEs CHIMIQUES RHONE-POULENC

50113. Phenthiazine derivatives: 10-Alkylene-car-
bonamido alkyl phenthiazine derivatives are pre-
pared by treating the corvesponding alkyl ester,
acid chloride or anhydride with primary or
secondary amine or by reacting a phenthiazine
with an N-alkyl-substituted haloalkylene carbon-
amide — SOCIETE DEs UsINES CHIMIQUES
RHONE-POULENC

50576. New N-hydroxymethyl ureas and process
for producing them: Reacting urea of the formula
H,N-CO-N=CH-(CH-OH ) x CH,OH with
formaldehyde at a pH above 8 at 20°-50°C. —
CiLac LTD.

50612. Stabilization of cracked distillate fuel oils:
Oil is treated with an acid and then veacted with
an alkali — CALIFORNIA RESEARCH CORPORA-
TION

50613. Production of new di-substituted nicotinic
acid amides: Reacting nicotinic acid-(1, 2-di-
phenylethyl )-amide or a N-metal derivative with
a reactive ester of an amino alcohol of the formula
HO-AIk-N(R,, R;) — CiLag L1p.

47960. Process for the manufacture of new tri-
substituted indene and indane compounds:
Reacting indane or indene compounds with
reactive esters of alcohols — C1BA LTD.

50386. Manufacture of alkyd resins: Characlerized
in adding methyl or ethyl methacrylate after rapid
polymerization has ceased — 1.C.I. LD, .

50400. Stabilization of peracids: Peroxymonosulphuric
acid is stabilized by incorporating dipicolinic
acid therein—BuFrFaLo ELECTRO-CHEMICAL Co.
Inc.

51208. Preparation of diethylamino-aceto-2-m-xyli-
dide: Reacting diethylamino-ethylacetate with 2-
m-xylidide in presence of metallic sodium —
SUDHIR LAL MUKHERJEE & ALBERT DAVID LTD.

48623. Manufacture of natural and synthetic
rubbers and rubber articles: Incorporating in
natural and synthetic rubbers an antioxidant
comprising  bis-( 2-hydroxy-3-a-alkyl-cycloalkyl-
S-methyl )-methane — 1.C.I. L1D.
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49302. Process and composition for producing
protective and decorative coatings on corro-
dible metals: Solution containing hexavalent
chromium fluoride ions and ions containing
zivconium, titanium or tin ov wixtuves thereof
but not containing phosphale ions — AMERICAN
CuemicaL Paint Co.

50765. An improved process for the manufacture of
soaps: Reacting an oil or fat with a weak base
like oxide ov hydroxide of alkali or alkaline
earth metal in presence of catalytic agent like
glycerine and|or anhydrous soap—NARAYANA &
LELEY

48217. Improvements relating to cooling arrange-
ments using eutectic solutions: Comprising tank
containing eutectic solution, means for cooling
said solution and means for promoting circulation
of the solution — J. STONE & Co. ( DEPTFORD )
Ltp.

48449. Synthetic rubber compositions and methods
for making the same: Mixing oxy-carbon black
with a low unsaturated solid olefin-multiolefin
synthetic rubbery copolymer and heating the
mixture — STANDARD OIL DEVELOPMENT Co.

48660. Process for separating one or more solid
hydrocarbons or complex hydrocarbon com-
pounds from a mixture thereof with a highly
polar liquid: The solid substance contaminated
with a highly polar liguid is contacted with a
non-polar or less polar carvier liguid such that
the contact angle 6; is less than 90°, whereby the
solid merges into the carrier liguid — N, V. DE
BATAAFSCHE PETROLEUM MAATSCHAPPIJ

48704. Process for the production of dialdehydes or
derivatives thereof: Reacting diolefin with carbon
monoxide and hydrogen in presence of a diluent
or solvent, a polymerization inhibitor, a stabilizer
and a cobalt compound for yielding cobalt hydro-
carbonyl during the process — RUHRCHEMIE
AKTIENGESELLSCHAFT :

49026. Apparatus for electrolysis of metals: Com-
prising a main chamber, a supplemental chamber
abutting the main chamber, and electvodes disposed
in the main chamber transversely relative to the
wall between-the chambers and molten metal col-
lecting means extending over the cathodes — ALu-
MINIUM LABORATORIES LTD.

49276. Derivatives of carboxylic acid hydrazides
and method of making them: Reacting a car-
boxylic hydrazide with formaldehyde and sul-
phurous acid or acid salts thereof — CARLO
ErBa S.p.A.

50185. Polystyrene moulding powders: Comprising
a mixtuve of homopolymer of styreme and a
copolymer of butadiene and styrene — MONSANTO
CuemicaL Co.

50246. Production of 10-aminoalkyl phenthiazines:
Comprises reducing N-carbonamidephenthiazines
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with lithium-aluminium hydride — SOCIETE DEs
UsiNEs CHIMIQUES RHONE-POULENC

51063. Stable aqueous emulsion of the oil-in-water
type containing binding agents and process for
making them: Emulsion containing rubber and
alcohol modified aminoplast in the inner phase
and acid casein dissolved in the outer aqueous
phase — C1BA LrD.

51175. A process for the manufacture of 3: 5-dioxo-
pyrazolidine derivative: Reacting 1 mol of n-
butyl bromo malonyl chloride [ (Br) (n-butyl)=
C=(COCl),] with 075-1 mol of hydrazo-
benzene in presence of ether and a lertiary organic
base — MUKHERJEE & ALBERT DAvID LTD.

51263. Manufacture of basic copper chloride and of
copper-containing fungicides: Mixing cuprous
oxide with a chlorine yielding compound in
presence of water and exposing the mixture to
reaction in atmospheric aiy — HINDLE

51511. Expanded thermoplastic materials: Frothing
a plastisol of the resin in the presence of a thicken-
ing agent, and heating the stabilized froth to gel
the resin — DuNLoP RUBBER Co. LD,

Chemical processes, engineering and equipment

49654. Improved device for providing inner lining
on metal pipes with cement or the like mate-
rial: Pulleys ave fitted to shafts and ave driven
by prime movers and other spaced pulleys are
idle and rotate when metal pipes ave mounted
between pair of rollers — TALATI

49123. A process and furnace for the treatment of
substances subjected to chemical reactions,
with solid and gaseous reagents, particularly
adapted for the disaggregation of chromite:
The solid reactants ave kept on a bed and hot
gaseous reagents ave allowed 1o creep through
it — CATTANEO

49882. Process and apparatus for treating particles
distributed in a liquid with mechanical vibra-
tions, more particularly for artificial crystal-
lization: Liquid is subjected to sonic or supersonic
vibrations — INTERNATIONAL PHYSICAL EsTAB-
LISHMENT

51170. Improvements relating to evaporating and
distilling plants: Fervous or fervic ions are
supplied to raw water — G. & J. WEIR LtD.

48637. Mixing machines: The gap between the mixing
worm and the mixing lrough, within the zome
Silled with the mizx, is given the shape of a crescent,
the tip of which at the entrance side of the worm
being above the operational level of the mix —
AvuGusT & PORTA

Physics — general

49057. Improvements in electric amplifiers: Com-
prising an elongated body of semiconductor, an
emitter electrode mear ome end and a collector
electrode mear the other end of the body, means for
causing charged carriers lo flow along the body
away from said one end and means between the
electrodes for amplifying the numbey of charged
carriers flowing along the body — THE GENERAL
ELectrIC Co. LTD.

50354. Semiconductor devices: Characterized by an
arrangement which predetermines the sequence
of application of operating voltages to the res-
pective electrodes as -the transistor is inserted in
the socket — RADIO CORPORATION OF AMERICA

Food and kindred products

49994. Improvements in foodstuffs: Oleaginous
foodstuffs ave prepared by incovporating therein
a small quantity of a lactone of an aliphatic
hydroxy carboxylic acid having a lactone ving of
4-6 carbon atoms — ANGLO-ScOTTISH CREA-
MERIES LTD.

Drugs and pharmaceuticals

48295. Purification of penicillin: By freating peni-
cillin with oxycaine and decomposing the resulting
oxycaine penicillin under acid conditions to
liberate penicillin — THE DIsTILLERS Co. LtD.

48503. Antibiotic material and its production:
Amphomycin is produced by cultivating a strain
of Streplomyces BL-456786 in an aqueous,
nutrient containing, carbohydrate solution under
submerged aerobic conditions until substantial
antibacterial activity is imparted to the solution,
and recovering the antibiotic from the broth —
BrisToL LABORATORIES INC.

50393. A method for the production of 21-esters of
adrenal cortical hormones and other 21-
hydroxy-steroid compounds with aminocar-
boxylic acids, and salts of these esters: 21-
Hydroxy steroid compound is veacted with a
salt of an acid-halogenide of halogeno-carboxylic
acid, and then the halogenated ester is treated
with ia or an amine — K. ABILDGAARD-
ELLING

51168. Production of penicillin salts: By reacting
free penicillin G with a salt formed from procaine
and an aliphatic or substituted aliphatic acid
having not more than 8 carbon atoms in the
straight chain — GLAXO LABORATORIES LTD.

51547. Pharmaceutical preparations containing a
pure sedative-hypnotic and hypotensive subs-
tance: Comprising reserpine and a substance
suitable for parenteral or oval administration —
CiBa Lrp.

51258. Improvements in or relating to the pre-
paration of composition having therapeutic
value: Trying green leaves of Akanda wilh
common salt and powdering the product—
Borua

Fuels and lubricants

48385. New method of preparation of active car-
bons from coals and lignites: Introducing steam
during carbonization followed by aiv activation —
CouNnciL oF ScCIENTIFIC & INDUSTRIAL RE-
SEARCH

Metals and metal products

48237. Method and apparatus for gaging and classi-
fying sheets or the like: Includes two or more
conveyers in tendem over which the sheels pass,
a deflector between adjacent conveyers .and
deflector operator responsive to gage — UNITED
STATES STEEL CORPORATION

48380. Sheet pin-hole detector: Of the type having a
source of light, a first photosensitive device for
detecting pin-holes, a deflecting element operated
by said photosensitive device and a second
photosensitive device adjacent to said first photo-
sensitive device — UNITED STATES STEEL COR-
PORATION

48923. Production of single-twisted or twin-twisted
steel bars: Bars twisted without axial forces,
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bars shorvien during twin twisting, and bars
extend duving single twisting — COUNCIL OF
SCIENTIFIC & INDUSTRIAL RESEARCH

49869. A method for extruding metal sections:
Forcing a cold metal billet through a die, severing
the thin discard from the extruded section, holding
the extruded section and applying a tensile force
pavallel to the dirvection of extrusion — CRITTALL-
LuxFER L1D.

48612. Process and apparatus for separating metals:
Distilling metals at temperatures, pressures and
concentrations, at least one of the three factors
being controlled at plurality of points—PECHINEY
Cie. DE Propuits CHIMIQUES ET ELECTRO-
METALLURGIQUES

51407. Improvements in zinc smelting: Oxygen or
oxygen-enriched air is introduced through a pipe
into the blast furnace gases accumulating in
the space above the level of the charge — THE
NarioNaL SMELTING Co. LtD.

48467. Apparatus for inspecting and classifying
flat steel products: Comprising steps of testing
the product in strip form for pin-holes, applying
a mark adjacent to the pin-hole, shearing the strip
into sheets and classifying the sheets into prime
and rejects — UNITED STATES STEEL CORPO-
RATION

49040. Method for concentrating and extracting
germanium compounds from coals: Washing
coal gases with water, acidic or basic aqueous
solution, concentrating and extracting germanium
compounds in conventional ways — ZAIDAN
HojiN SEKITAN Soco KENKYUJO

49711. Cooling molten metal and separating molten
metals by cooling: Cooling molten metals by
passing through a trough having cooling sections
located therein — THE NATIONAL SMELTING
Co. L1p.

50556. Improvements in coating of aluminium sur-
faces and compositions therefor: By treating
the surface with a solution containing hexavalent
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chromium, a fluorine compound and a soluble
complex cyanide — AMERICAN CHEMICAL PAINT
Co

51557. Improvements in or relating to the manu-
facture of titanium or zirconium base alloys:
Incorporating the alloying ingredients in $he
form of one or more master alloys or compacted
powder mixtures having a specific gravity of the
order of that of the basis metal — 1.C.1. L1D.

Building materials and methods

48293. Reinforced concrete poles from pre-cast
component pieces: At the jointing end of each
short length component piece, a steel plate is
provided having holes corresponding to the
positions of the projecting reinforcement rods
which are bolted down on the jointing faces by
nuts — KARANTHA

Miscellaneous

48496. A plant or installation for obtaining and
storing energy from the wind: Wind-driven
direct curvent gemerators adopted to face ihe
wind always and supplying curvent to batteries
of voltameter or electrolytic cells for decomposing
water — WASDELL

47860. A new or improved process for the separation
of the fibres from the bark, wood and other
tissues of fibrous plants: Treating the stems
containing fibves with enzyme-containing de-
composition effecting plant juices at a tem-
perature of 30°-60°C. — TURNBULL

49054. A process for the treatment of bamboo to
further its utilization in the manufacture of
pulp, paper, board or the like: Bamboo chips
ave mechanically disintegrated to cause cleavage
between fibves and parenchyma cells — COUNCIL
OF SCIENTIFIC & INDUSTRIAL RESEARCH &
PRESIDENT, FOREST RESEARCH INSTITUTE &
CoLLEGES, DEHRA DUN
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The Application of Membrane Analogy
for the Determination of Torsional
Rigidity of Non-circular Solid Shafts

V. CADAMBE & R. K. KAUL
National Physical Laboratory of India, New Delhi

The soap film analogy for the determina-
tion of torsion constant K of solid non-circular
shafts is described. The analogy between the
bubble surface and the torsion function ¢ is
clearly illustrated. The experimental tech-
nique adopted in determining the constant K
consists in the measurement of the rate of
increase of height h against volume, instead of
direct volume measurement, by making use
of the method of * least squares . This pro-
cedure has compensated for the experimental
errors and intermediate hanging of the film,
and has thus led to greater accuracy.

HE most common shapes of structural
members desighed for torsion are cir-
cular, elliptical or rectangular for

which direct mathematical analysis is avail-
able. In the case of right cylinder, where
plane sections remain plane after twisting and
radii remain straight, the internal resistance to
the twist of the shaft is given by the relation

T=JGO..everernnn. (1)

and at a distance r from the centre line of the
shaft the shearing stress is

B=G1r0 x s s oo 50 w00 w5 s (2)
My
I
general, the torsion formula is true only for
circular rods and tubes. For other sections
these formulae are not valid. The reason
for this is that in non-circular shafts a trans-
verse section warps during twisting with the
result that at some points the shearing stress
increases and at other points it decreases.
This is the case in a rectangular section where
the maximum shearing stress occurs at the

Unlike the beam formula ¢ = —= which is

centre of the long side and approaches zero
at the corners, whereas if plane sections had
remained plane and from equation (2) the
stress should have a maximum value at the
corner and minimum at the centre of the long
arm. Further, the polar moment of inertia
J in non-circular sections has nodirect relation
to the torsional stiffness and strength of the
bar as in the case of the circular sections.
For sections of equal areas and different
shapes and with no re-entrant corners the
torsional stiffness increases with decrease of
J. In certain cases it is possible to find
mathematically the new torsion constant K
which is a measure of the torsional rigidity,
modifying equation (1) into the common
form T=KGH where K is the equivalent polar
moment of inertia J as used in circular sec-
tion. Quite a large number of regular shaped
cross-sections have been tackled mathemati-
cally, but the experimental determination of
this constant K is by far the easiest.

Theory of torsion

It was shown by Saint Venant! that in
prismatical bars subjected to pure torsion,
i.e. where all cross-sections are free to warp,
the general stress system is reduced to two
shear components, which lie in planes parallel
to those of the applied twisting couples. If
the Z-axis coincides with the axis of the
shaft, then the stress components are

0x=0y=0,=Txy=0
0
and ty,=— %

where ¢ is the torsion stress function.

_ %
Txz= ‘37
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The equations of compatibility require

0% = 0°
a_x‘;‘ + 5}?2. T 3)
where G is the shear modulus of the material
and 0 is the angle of twist/unit length.
Since the stresses at the boundary are
tangent to the boundary curve, the relation
between the components 7y, and 1y, is
completely determined from the shape of the

cross-section and it follows g—‘: =0or ¢is
constant along the boundary (Fi1c. 1). In
the case of singly connected bodies this
constant ¢ is arbitrarily chosen and generally
taken equal to zero.

Also by equating the resisting moment to
twisting moment T, we have

T=2[ [axdy

which is the volume below the pillow surface
representing the stress function.

Analogy
The differential equation v = — 2G6
under the condition j—f = 0 on the boundary

F1G. 1 — STRESS DISTRIBUTION IN PURE TORSION
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-under the action of a uniform load.

can be solved in a number of ways. For
simpler sections such as circular, elliptical
or rectangular, the mathematical determina-
tion of the stress function ¢ is possible, but
becomes involved for other complex shapes
of practical interest. '

It is known that the general equation of the
flow of current in a thin homogeneous plate
of constant thickness? h is

e, v
ox T oy

where ¥ is the potential function. Similarly
the deflections of a constant tension mem-
brane stretched over an opening of the same
shape as the cross-section of a bar and disten-
ded into a bubble-shaped surface is given by
the equationy?z=—q/S. There are many
such examples where the governing differen-
tial equation is either Laplacian or of Poisson
type. Since the differential equation govern-
ing torsion function ¢ is similar to one of the
two given above, it is, therefore, necessary
only to study one of these to gain insight
into the other.

Of the various analogic experimental
methods used for solving the torsional differ-
ential equation, the following four are quite
commonly used®: (i) Prandtl pressure mem-
brane analogy; (ii) electrical analogy, con-
verting the Poisson’s equation y% = — 2G6
into Laplacian form y2¥%'=0 where ¢="+C;
(iii) hydrodynamical analogy; and (iv) photo-
elasticity.

Pressure membrane analogy method is the
most commonly used as it requires minimum
apparatus and yet gives a high degree of
accuracy. Griffith and Taylor did much to
improve this technique of stress and rigidity
measurement though others have advanced
the electrical analogies.

Membrane analogy

The importance of soap film membrane in
determining the shear stresses and the tor-
sional rigidity of a twisted rod consists in the
analogy between the torsion function ¢ and
the deflection function z of a thin membrane
If such
a soap film membrane is inflated over a hole
of the same shape as the cross-section of the
twisted bar ( F1G. 2 ), then the surface of this
membrane satisfies the following equation®:

0%z

0%z q
ot oy
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T T

7

F1G. 2 — PRESSURE MEMBRANE

where z is the height of the membrane and
X, y its rectangular co-ordinates, q the unit
pressure under the film and S the unit tensile
force in the film.

In order that the analogy may be valid the
assumptions made are: (i) that the uniform
pressure q under the thin film acts in a direc-
tion parallel to the axis rather than normal
to the surface of the film; and (ii) the inclina-
tion ¥ of the membranes is small so as to
satisfy ¥= sin ¥'= tan ¥'=r.

If this bubble-shaped surface, governed by
v%2=—q/S, foranon-circular section ABCDE,
beas shown in Fig. 3, then for any line tangent
to this surface at O whose projection is x-axis,
the shearing stress 1,y at O’ the projection
of O in the y-direction is proportional to the
slope of the angle that the tangent at O makes
with x-axis.

Since the slope at O in the x and y direction
measures to a certain ratio the shear stresses
T2y and T.x respectively at the corresponding
point O’, the maximum shear stress at O’
is, therefore, proportional to the maximum
slope of the film at the corresponding point

: dé
0, i.e. an

Further, the volume under the bubble sur-
face is proportional to the torsional rigidity
of the section. Since volume under the soap

film is f/zdxdy and volume under the stress

surface is / f¢dxdy=T/2 where T is the

twisting moment in the bar, it is clear that

double the volume under the soap film
represents the twisting moment.

Having established the analogy between
the torsion function ¢ and bubble surface z
we can put the analogic quantities in tabular
form thus:

Twisted bar Membrane
1. v%=—2Go vZz=—q/S
which implies that ¢=z provided the
pressure tension ratio q/S=2G0
2. $=0 along the boun-  z=O0 along the

dary edge
3 T=2f qudxdy Vi=[adxdy
op Slope in
R .
T x-direction= ic
0x
. _0¢ Slope in
WL &
oy y-direction:g'

oy

From the two equations (3) and (4) we find
that the constant of the analogy is q/S.
Though q and S are not known quantities,
the ratio q/S can be easily determined from

the relation
ﬁ‘rds =g ‘A

dz . .. -
where t= an indicates the maximum slope

(gradient ) along the interior normal of the
boundary; the integration is along this boun-
dary and A is the enclosed area.

FiG.

3 — PRANDTL BUBBLE SURFACE AND THE
SHEAR STRESSES
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Instead of direct determination it is pre-
ferable to compare the shear stresses and
torsional rigidity of the test section with
those of a circular section under the same
physical conditions and using the same soap
solution. For the determination of shear
stress at any point in a non-circular shaft it
is, therefore, necessary to compare it with a
circular section. Since stresses at corres-
ponding point, i.e. points equally displaced
from the plane of the plate, bear the same

“ratio as slopes at these two points, and since
the slope at the desired point for a spherical
section can be determined from its elevation,
the shear stresses at the desired point in
the non-circular section can be easily deter-
mined from the ratio of slopes at these two
points.

Similarly the torsional rigidity of any non-
circular section can be found if the ratio of
volumes of the two bubble surfaces is deter-
mined experimentally and knowing the tor-
sional rigidity of the circular section the exact
value for the irregular section can be deter-
mined.

Apparatus

The pressure soap film apparatus®® was
designed after that used by Griffith and
Taylor’. In this apparatus an aluminium
plate with an experimental hole and a com-
parison circular hole cut in it was clamped
between the two halves of a cast iron box.
The box, which was a square, was supported
on levelling screws. The lower half was in
the form of a very shallow tray {5 in. deep
and a square frame formed the side of the
box. The two parts were clamped together
and the box was made airtight by means of
thick wax. Over the frame was placed a
piece of plate glass } in. thick and sufficiently
large, through the centre of which a hole was
drilled for a micrometer height-gauge, reading
to 0-001 in., and carried on its lower end a
sharp steel needle point. This was adjusted
exactly above the centre of the circular hole
for determination of the volume V. for the
spherical film. By adjusting the micrometer
for different displacements h, the volume of
the two distended membranes were recorded.
In carrying out the experimental work, the
blowing up was done through a burette,
connected through a displacement bottle to
the lower end of the box. The readings of
the burette were taken to 0-01cc. by using
a low power microscope.
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For greater accuracy the boundary of the
cross-section of both the test and comparison
holes were bevelled at an angle of 45°. It was
observed that in spite of this the film did not
rest at the upper side of the bevelled edge
but at an intermediate point. It has been
found that at boundary points where the
boundary line is highly concave even a small
overlapping of the order of 0-004-0-005 in.
above the surface of the plate is visible.

The following are a few other important
precautions which were observed in this ex-
periment: (i) to prevent evaporation of the
soap film thereby to maintain the consistency
and the tensile force in the film; (ii) to mini-
mize the edge effect, the surplus solution was
carefully drained off. Solution near the
boundary was also removed to minimize
overlapping at the boundary; and (iii) to
measure the height of the film, the micro-
meter was set at an elevation giving the film
a slight upward curvature. After each set
of readings the micrometer height was re-
adjusted to a new elevation and water was
displaced from the burette till the film just
ran up on the needle. Such a method gave
readings correct to 0-0005 in.

Torsion constant K

The torsional constant K is proportional
to the volume under the membrane. The
volume V; of the test section was determined
directly by measuring the total displacement
of soap-water in the burette and then sub-
tracting from it the volume V. of the circular
bubble.

In terms of height h and diameter D the
volume of the spherical film is

4 h?
VC=§nhD2{I+3‘D‘é} v w5 (5)
and if height h is small we have
Ve=4zhD2. . ... .. (6)

Knowing the total displacement V=V
V. from the burette and V. from equation (6)
the volume of the test bubble can be easily
determined. The total volume of water
introduced is, however, not exactly equal to
the total volume of the two bubbles because
of slight increase in pressure in the chamber
but this is negligible.

For different values of vertical displace-
ment h of the spherical bubble as measured
with the help of micrometer, the value of the
volume V displaced from the burette was
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recorded for drawing a plot relating h and V.
For large value of displacements h the

dified value of h{ 1 s
modified value o ,+3D2

The equation of the best straight line
nearly fitting all these points so recorded can
be best put in the form

h=mV+c...... w5 (1)
where m is the slope and c is a constant. By
using the method of least squares the value
of the constants m and c is determined from
the two simultaneous equations for n sets of
paired observations as below:

mXIV2+cEV—-EZVh=0

mXV 4+ cn—3Zh=0
The constant ¢ here accounts for the inter-
mediate hanging below the upper surface of
the plate and the other errors in experimental
observations. Inflating the film slightly
upwards before taking the incremental data
between h and V reduces errors in the final
value of slope measurements. The slope
measurement enables us to obtain the true
total displacement V for a particular value of
displacement h of the circular bubble, and
knowing V.= }xhD? we can find the volume
V. of the test hole by difference.

The ratio Vi/V, gives us the rigidity ratio
and this multiplied by J, the polar moment of
inertia of the reference circular section, gives
us the torsional rigidity of the non-circular
test section.

A sample solution for a square section is
shown in Table 1.

Using the method of least squares the
equation of the straight line ( Fic. 4) is

h = 0-00988V +0-00238
From this we infer that for a total displace-
ment of 20-0 cc. the displacement of the cir-
cular bubble is 0-1976 in. above the surface
of the plate.

For calculating the torsional rigidity the
procedure adopted is given below:

Side of the square 2a, 2-54 in.; diameter of
the test hole D, 2-54 in.; V, total volume
drawn from the burette, 20 cc.; V,, calculated
spherical volume, 8-2355 cc.; actual volume
of the test section, 11:7645 cc.; torsional
rigidity ratio, 1-4285; theoretical value
0-1406.G6.(2a)4/JGH = 1-4316; percentage er-
ror, 0-216 per cent.

The value of K was similarly calculated
experimentally for (i) a sector of a circle with
boundaries r=0, r=3-024 in. and angle

was used.

a=n/2; and (ii) a circular shaft of diameter
3 in. with a semicircular longitudinal groove
of diameter 1 in. The results for both these
experiments are given in Tables 2 and 3.

0300 T

Vd

0250

0200

HEIGHT, IN.
)
@
o

SLOPE ‘009124
0100

0050

/1
(J

0 S 0 [} 20 28 30
TOTAL VOLUME, cc.

FIG. 4 — RELATION BETWEEN THE TOTAL VOLUME

AND HEIGHT OF THE SPHERICAL BUBBLE

TABLE 1
HEeiGHT VoLuMe
in, cc.

0-025 1-50
0:050 4-13
0075 8-77
0-100 9-40
0-125 12:05
0-150 14-70
0-175 17-30
0-200 19-95
0-225 22:60
0-250 25-25
0275 2780
3000

0300

TABLE 2 — CORRELATION OF VOLUME WITH
HEIGHT OF MEMBRANE FOR A SECTOR

(Side of the sector, 3024 in. included angle o.=n[2; diameter of
the comparison circle, 2-6325 in.)

HEeiGHT VoLumMe
in. cc.
0-1750 21-45
0-2000 23:92
02250 28:75
0-2500 28:74
0-2750 31-12
0-3000 33-88
0-3250 36-48
0:3500 39-12
0:3750 41-41
0-4000 4445
0-4250 46-95
0-4500 50-10
Equation of the straight line h=0-00912 V +0-01085
Torsional rigidity factor 1-45673

0-0805a'G

Theoretical value 7732, 6325)*

1:46246

% error 0-39300
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TABLE 3 — CORRELATION OF VOLUME WITH
HEIGHT OF MEMBRANE FOR A CIRCULAR SHAFT
WITH A SEMICIRCULAR LONGITUDINAL GROOVE

( Circular shaft of diameter 20=3 in. with a semiciroular longi-
tudinal groove of diameter 2b=1 in.)

‘Theoretical value of torsional rigidity
={(a‘-—2a'b'— ';—') ¥+ 14"— sin ¥ (7b*+2a* )}=6~ 50654 in.¢

b
\I‘ - -l
where =C0§ %a

Diameter of comparison circle 2-6848 in.

J for circle o 5-1026 in.¢

Theoretical torsional rigidity factor 1-2749
HEeiGHT VoLuME

in. cc.

0-025 1-86
0-050 4-12
0-075 6-80
0-100 9-40
0-125 12-16
0-150 14-78
0-175 17-66
0-200 20-30
0-225 23-24
0-250 26-21
0-275 29-05
0-300 32-13
0-325 34-08

Slope of the best straight line 0-00955

The torsional rigidity factor calculated 1:2565

from this graph
% error 1-44

In the above three examples representative
of typical sections, such as a square or a
sector of a circle where the boundary is dis-
continuous, and a circular shaft with a
longitudinal circular groove which is a typical
case of a section with re-entrant corner, the
results obtained are in close agreement with
the theoretical values.

Conclusion

The most important application of this
analogy is in determining the torsion constant
K which is proportional to the volume under
the membrane. Instead of directly measur-
ing the volume of the bubble, the rate of
increase in height against volume has been
plotted using the method of least squares
which has eliminated the errors due to over-
lapping and intermediate hanging of the film.

This procedure has not only simplified the
work but also resulted in higher degree of
accuracy approaching theoretical values and
has thus proved its applicability to other
complicated sections for which mathematical
analysis is highly involved.

APPENDIX 1

Radius of circular hole®

For a soap membrane stretched over a
circular opening and slightly distended, and
from Green’s surface integral we have
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Fi1G. 5 —COMPARISON OF A BUBBLE SURFACE
STRETCHED OVER A CIRCULAR HOLE WITH PRESSURE
MEMBRANE

7 r2q=2n1S sin «
25 .,
or r=——sina
q

If a second film is stretched over a test hole
by the side of this standard circular hole, then
the value of q/S will be the same for both
the holes ( F1c. 5). If A is the area of cross-
section of this test hole, then the force acting
upwards is qA and the downward force is
PS sin B where § is the mean angle around the
boundary and P the perimeter, then

qA = PS sin

Since S/q is same for both, we have

_2A sina

~ P sing
Since the average sine of the inclination of
the test film is to be equal to the sine of the
angle of inclination over the boundary of the
circular section, i.e. sin « =sin B, we must,
therefore, have a comparison circle of radius

equal to %

If in some cases the size 2A[P is small,
errors in the measurement of height h and
volume V. of the spherical film will increase
considerably. In such cases it is better to
fix the minimum diameter at 1-5 in. as the
advantages gained in the measurement of h
and V. outweigh the advantages gained in
making equal the analogy approximation.
At the same time the volume V. should not
be increased much as the errors introduced
in the measurement by difference of small
volume V. of the test hole will be more if
V. is several times more than V.
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A Voltage Regulator System for
Stabilization of Field Current of a
Solenoidal Beta-ray Spectrometer

J. MAHANTY & A. N. PRASAD
National Physical Laboratory of India, New Delhi

An experimental procedure for stabilizing
magnetizing current in a beta-ray spectrometer
using an electronically regulated d.c. generator
is described.

ONSTANCY of magnetic field is an
C important requisite for attaining pro-
per definition and sharpness of beta-
spectra which lead to accuracy and precision
of energy measurements by magnetic spectro-
meters. A constant magnetic field is obtain-
ed by keeping the magnetizing current cons-
tant, which may be effected by either an
electronic current stabilizer':? or a regulated
d.c. generator®5, The latter is preferred
when the instrument involves the use of high
magnetizing currents.

Magnetizing current supply from a d.c.
generator fluctuates due to changes in the
generator voltage and thermal variations of
the resistance of the windings of the solenoid.
Elaborate circuits have been developed to
operate the d.c. generator compensating for
both these effects®.

In the course of work with the solenoidal
beta-ray spectrometers under development
in this laboratory?®, it has been found that
magnetizing current fluctuation due to
changes in resistance of the winding can be
reduced to 1 part in 1,500 parts for a run of
30 min. by the following procedure which
does not make use of a special current stabi-
lizer. The stability of 0-06 per cent is quite
adequate, in as much as the expected resolv-

ing power of the spectrometers under dev-
elopment is only of the order of 1-5 per cent.

Reduction of current fluctuation
due to thermal changes in the
resistance of the winding

The water-cooled solenoid of the spectro-
meter for low energy measurements® has a
cold resistance of 130 ohms and its operating
current ranges from 0 to 3amp. The solenoid
was preheated by passing a current of 45
amp. from a 10 kW. d.c. generator for 45
min., and then the current was switched off
for 15 min. With this operation, the solenoid
attained a steady resistance of 145 ohms in the
first hour, and subsequently when a current
of 1-5 amp. was supplied from the generator
controlled by an electronic voltage regulator,
the change in current due to resistance varia-
tions was found to be only of the order of
1 part in 1,500 for a run of half an hour.

This result suggests that suitable choice of
preheating time and current can give a stabi-
lity of the order of 0-1 per cent or better
against thermal changes in resistance. A
condition necessary for the success of this
method is to control the field current by
altering the voltage applied across the sole-
noid directly from the generator, instead of
using series rheostats having uncontrollable
variations in resistance due to thermal effects.
The generator voltage, however, must be well
stabilized against changes in the driving motor
speed and other factors over the entire range.
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The voltage regulator

The generator voltage regulator illustrated
in Fig. 1 is an improved form of similar units
in use in many laboratories® !, It stabilizes
the generator voltage to 1 part in 2,000 at
any output from 340 to 460 V. against the
expected fluctuations in the driving motor
speed which is of the order of 10 per cent.
The generator is fitted with a three-wire dis-
tribution panel taken from a static balancer
rated at a maximum out of balance current of
5 amp. connected across the lines, which helps
in obtaining a range of 170-230 V. between
line and neutral, and 340-460 V. between
lines. This arrangement has rendered the use
of series rheostats unnecessary in the useful
current ranges for reasons mentioned earlier.

The field of the d.c. generator is supplied
by a three-phase rectifier system through the
voltage regulator. In this voltage regulator,
V, amplifies the difference in the voltage
obtained through the voltage divider consist-
ing of R, and P,, and a reference voltage
obtained from a glow-tube stabilizer V,. The
output of V, is fed to the grids of ten beam-
power amplifier tubes (type 815) operating in
parallel. The grid of each tube has a sepa-
rate limiting resistor. When the generator
voltage rises, the bias in V, falls resulting in
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F1G. 2 — LOAD CHARACTERISTICS OF THE GENERA-
Tor [ (1) Without voltage regulator; (2) with voltage
regulator ]

increased plate current flow. The consequent
lowering in plate potential of V, increases the
bias in the bank of power amplifiers, resulting
in reduction of current through the field coil
of the generator, fed by the power amplifiers.
A reduction in generator voltage produces the
opposite reaction. The generator voltage is
controlled by the potentiometer P,. R'R"C’
constitute the anti-hunt network, the indivi-
dual values of the components of which were
determined empirically.
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Fi1G. 3 — VARIATION OF GENERATOR FIELD CURRENT
WITH LOAD [ (1) Without voltage regulator; (2) with
voltage regulator ]

Fig. 2 shows the load characteristics of the
generator when operated by the electronic
regulator. Fig. 3 shows the generator field
current variation with load. Above 460 V,
the load regulation characteristics of the
generator become unsatisfactory because of
the saturation of the generator field magnet.
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Determination of Osmotic Coefficients:
Part II—Aqueous Solutions

B. R. Y. IYENGAR & S. B. KULKARNI
National Chemical Laboratory of India, Poona

Osmotic coefficients of aqueous solutions of
potassium laurate, Aerosol M.A. and potassium
salts of some dibasic acids have been deter-
mined at 30°C. by means of the thermistor
technique. The results are in agreement with
those evaluated from cryoscopic and other
data. The high values of osmotic coefficients
of potassium sebacate in dilute solutions are
attributed to the cumulative effect of hydration
and inter-ionic attraction.

the thermistor bridge for the measure-
ment of small vapour pressure differ-
ences have been described by McGee and

THE construction and calibration of

Iyengar!. This method consists in measur-
ing the equilibrium resistance differential
(Ar) set up between a pair of matched ther-
mistors to which adhere a drop of solution
and a drop of solvent or reference solution
in an atmosphere saturated with solvent
vapour. Values for osmotic coefficients are
easily derived from Ar, which is proportional
to the vapour pressure difference between
the drops.

The present paper elucidates the applica-
tion of the thermistor technique for eva-
luating osmotic coefficients of aqueous solu-
tions of potassium laurate, potassium salts of
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some dibasic acids and the synthetic deter-
gent Aerosol M.A. The only other available
data on studies by this technique are those
of Huff, McBain and Brady?® who investi-
gated the vapour pressure of aqueous solu-
tions of some detergents.

Experimental procedure

Resistance differentials were observed by
means of the thermistor bridge describ-
ed previouslyl. The air thermostat was
maintained at 30°C. in all the experi-
ments.

In the case of soap solutions, the required
amount of alkali (about 4 equivalent per
cent potassium hydroxide based on the
weight of soap) was added to suppress
hydrolysis. The necessary correction for
the resistance differential due to this added
alkali was applied in all such cases. Potas-
sium laurate used in these experiments
was prepared from trilaurin extracted from
Pisa seeds.

The a, o, -Cyg-dibasic acid was prepared
from kamala seeds by the procedure of
Aggarwal ¢t alt. The oil extracted from
the seeds was hydrolysed, acidified, hydro-
genated and finally oxidized to give the
a, o, Cie-dibasic acid, which upon repeated
recrystallization from acetone, had a melt-
ing point of 125°C. The mean value of
the equivalent weight, as determined both
by the silver salt and alkali titration me-
thods, was 157-8 as compared to the cal-
culated value of 157-2. The pure, crystal-
line dibasic acid was dissolved in acetone
and the equivalent amount of alcoholic
potash added. The ensuing precipitate of
the potassium soap was recrystallized from
alcohol.

Potassium sebacate was similarly prepared
from pure sebacic acid.

The potassium salt of succinic acid was
prepared by dissolving the pure acid in water
and adding the requisite quantity of aqueous
potassium hydroxide.

An Analar sample of potassium oxalate
was used without further purification. A
sample of Aerosol M.A. [ di-hexyl ( methyl
amyl ) ester of mono-sodium sulpho succinate,
(C¢H,30C0 ), C,H,SOsNa (100 per cent
pure)] from American Cyanamide & Chemical
Corporation was used as such after drying
over P,O; in a vacuum desiccator.

In all the experiments equilibrium was
attained within 2-5 min.
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Results and discussion

Osmotic coefficients (g) were calculated
from the observed equilibrium resistance
differential by the following expression:

A
&= KVm

where Ar = equilibrium resistance differen-

tial ( ohms) between the drops
of solvent and solution;

K = calibration constant for solvent
( water ) = 8:50 ohms/mol. for
the Stantel thermistors used;

V = number of possible ions; and

m = molality ( mols solute per 1,000
g. water ).

The results are recorded in Table 1.

The osmotic coefficients of potassium
laurate and Aerosol M.A. have been plotted
against square root of molality (Fic. 1).
For potassium laurate the results agree well
with the available data of McBain and co-
workers®® obtained by the freezing point
depression and the thermoelectric ( thermo-
couples ) methods. The present results are
also in conformity with those obtained by
Brady, Huff and McBain? by the thermistor
technique. Their values, being very close
to the present values, have not been shown

TABLE 1— OSMOTIC COEFFICIENTS
m Ar g m Ar g
Potassium laurate

0-0219 0-35 0-95 0-2359 0-26
00481 0-48 0-58 04750 1-49 0-18
0-1192 0-65 0-32 1-0170 3-26 0-19
Aerosol M.A.
0-0271 0:38 0-83 0-1754 1:08 0-36
0-0384 0-48 0-74 0-2974 1-32 0-26
0-0771 0-77 0-59 0-4982 1-75 0-21
0-1287 0-91 0-42 0-7979 312 0-23
Potassium oxalate
0-0502 1-01 0-79 0-3098 6-12 0-78
0-1012 2:02 0-78 0-4764 9-24 0-76
0-1903 3-84 0-79 0-9343 17-95 0-75
Potassium succinate
0-0532 1-09 0-80 0-3824 8-39 0-86
0-1009 2:08 0-81 0-6413 14-72 0-90
0-2039 4-21 0-81 i — — —
Potassium sebacate
0-0598 1-38 0-91 0-5259 13-20 0-96
0-1079 2-43 0-88 0-6642 16-64 0-98
0-1436 8-27 0-89 0-8299 21-48 1-02
0-2633 5»-98 0-88 —_ — —_—
Potassium salt of «, , C-18 dibasic acid
0:0216 0-39 071 0:0405 0-69 0-67
00309 0:56 0-70 0-0522 0-93 0-70
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Debye-Huckel limiting slope for uni-
univalent electrolytes (g=1—044/m)]

in Fig. 1. In the case of Aerosol M.A. the
freezing point values reported by McBain
and Bolduan® are consistently higher than
the present results but follow essentially the
same trend when plotted against concentra-
tion as the present results.

Brady and Huff?, Fineman and McBain®,
and Huff e/ al.? have also reported a similar
decrease in osmotic coefficients of potassium
laurate, caprate and a number of other
synthetic detergents with rise in tem-
perature (0°, 30° and 50°C.). These lower
values of “g” have been attributed to the
decrease in the critical micelle concentration
(c.m.c.) with increasing temperature. In
this case ( Aerosol M.A.) the c.m.c. appears
to have fallen from 0-044 m. to 0-022 m. for
an increase of temperature from 0° to 30°.

While the osmotic properties of the sodium
and potassium salts of long chain monobasic
acids have been extensively investigated,
little work has been done on the correspond-
ing salts of dibasic acids. Potassium seba-
cate, the first dibasic acid soap chosen for
our investigations, shows first a slight fall
of osmotic coefficient with concentration
followed by an appreciable rise at higher
concentration (Fig. 2). The minimum
occurs at about 0-25 m. The value of the
apparent osmotic coefficient at the highest
concentration investigated (0-83 molal) is
greater than unity (1-02). This behaviour
of “g” with concentration is in direct con-
trast to that of the corresponding monobasic

soap potassium caprate, investigated by
McBain and Bolduan® by the freezing point
method. Their values show that the osmotic
coefficients decrease from 0-95 to 0-23 over
a concentration range of 0-04 m. to 0-93 m.,
indicating micellar association. The beha-
viour of potassium sebacate is, on the other
hand, very much analogous to that of potas-
sium formate or potassium acetate whose
osmotic coefficients reported by Scatchard
and Prentiss® start increasing at higher con-
centrations ( 0-1-0-3 m.) after the initial fall
in the dilute regions. McBain and Bolduan®
have reported a similar behaviour in the
case of potassium butyrate, whose apparent
osmotic coefficients ( cryoscopic ) exceed unity
beyond the concentrations of 0-4 m. This
rise has been attributed by these authors to
hydration. Association of solute molecules
results in low values of apparent osmotic
coefficients since the effective molality of
the solution is reduced. Hydration, on the
other hand, causes the effective molality of
the solute to increase and consequently the
true osmotic coefficients (g) will be lower
than the apparent coefficients (g,) evaluated
without assumption of any hydration. Table
2 illustrates the manner in which the degree
of hydration affects the osmotic coefficient,

It is also possible to qualitatively account
for the observed high values of “g” on
the basis of inter-ionic attraction. In the
Debye-Huckel limiting law g =1—A4/m;
A is inversely proportional to the dielectric

150,

OSMOTIC COEFFICIENT

1 - 1 L
Q.50 100 150 2.00 250

VNOLALITY
F1G. 2 — OSMOTIC COEFFICIENT VS, SQUARE ROOT OF
morALiTY [ (1) Potassium sebacate (thermistor);
(2) potassium succinate ( thermistor ) ; (3) potassium
succinate ( vapour pressure data, 100°C.); (4) potas-
sium oxalate (thermistor); (5) potassium oxalate
( vapour pressure data, 100°C.); (6) potassium
sulphate (isopiestic, 25°C.); (7) potassium caprate
( cryoscopic ); A—A, potassium oxalate (cryo-
scopic); - - - -, Debye-Huckel limiting slope for 1: 2
electrolytes (g =1—0-464/m ) ]
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TABLE 2 — EFFECT OF HYDRATION ON THE
OSMOTIC COEFFICIENT

(0-83 molal potassium sebacale in water )

DEGREE orF 0 1 2 5 10
HYDRATION (n)
( mols. HyO/mol.
solute )

1-02
=g,)

g=8, (1—mn/ 1-:00 099 094 087

55756 )

constant of the medium (D,). In the original
derivation it was assumed that in dilute
solutions D is equal to the dielectric constant
of the solvent D,. Hydration as well as the
polarity of the solute molecule would pro-
bably cause the ‘‘microscopic” dielectric
constant to be different from the * macro-
scopic "’ value. Thus, an enhanced dielectric
constant of the medium will increase the
value of “g”. It is interesting to note in
this connection that in the case of amino
acids ( dipolar ions ) Cohn ef al.® have pointed
out that the activity coefficient of the solute
is related to the ratio of dielectric constant
of the solvent to that of the solution. In
view of this, it may be interesting to under-
take the experimental measurements of di-
electric polarization of the solutions of potas-
sium sebacate and other esters of dibasic
acids, which exhibit osmotic anomalies.

With a view to compare this behaviour
of “g” with concentration, the potassium
salts of the simple dibasic acids, oxalic and
succinic, were investigated. For potassium
oxalate, the osmotic coefficients calculated
by us from the freezing point lowering data!®
agree well with the present values by ther-
mistor technique, whereas those calculated
from vapour pressure data at 100°C.1! are
systematically lower. The plot of osmotic
coefficient of the electrolyte K,SO, is in-
cluded for comparison'?. The thermistor data
covering a concentration range 0-05-0-9 m.
indicate that the osmotic coefficient does
not vary to any appreciable extent in this
region (g 0-75-0-8). The vapour pressure
data at higher concentrations (0-5-2:0 m.)
show a slight increase with concentration
(g 0-68-0-75).

The osmotic coefficients of potassium
succinate ( thermistor ) start increasing with
concentration above 0-2 m. As in the case
of potassium oxalate, the vapour pressure
data at 100°C. are lower in the region where
they can be compared with thermistor data,
the highest value calculated from vapour
pressure data being 1-30 at 5-5 m.
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From the above results it is obvious that
the osmotic behaviour of potassium sebacate
which has eight CH, groups separating the
two alkyl carboxyl groups is qualitatively
similar to that of succinate having two CH,
groups. This is in sharp contrast to the
behaviour of the monobasic acid salts, where
a transition in the osmotic properties starts
at the butyrate with three CH, groups.

In order to study the changes that might
be brought about by further increasing the
number of CH, groups between the alkyl
carboxyl groups, the investigation of the
osmotic coefficients of the potassium salt of
Cy dibasic acid prepared in this laboratory
was undertaken. Owing to its limited
solubility, it was not possible to study con-
centrations above 0:06 m. In the rather
narrow range of molar concentration (0-02-
0-05) investigated, the osmotic coefficient
is 0-7. While this value is not low enough
to indicate any appreciable micelle formation,
it certainly indicates some form of associa-
tion. It is interesting to note that this
dibasic acid soap solubilizes dye (Orange
OT) but not hydrocarbon ( benzene). In-
ability to cover an appreciable range of con-
centration in the osmotic measurements
prevents our arriving at a definite conclusion
regarding the nature and extent of associa-
tion.

The application of the thermistor tech-
nique to solutes which are soluble only in
organic solvents and its usefulness in obtain-
ing important thermodynamic data will be
elaborated in a subsequent publication.
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Temperature Dependence
of the Joshi Effect

S. R. MOHANTY

Department of Chemistry, Banaras Hindu University,
Banaras

The photo-active electrode layer responsible
for the Joshi effect +-A: under silent electric
discharge consists of electrons, ions and
excited neutral particles. A rise in tempera-
ture ¢ at constant applied potential V results
in (1) decrease in the work function for elec-
tron emission, (2) desorption, (3) attenuation
of the space charge and (4) increase in the
potential V; across the gas. (1) leads to an
increase in +Ai, and (2) to an opposite change.
A diminution in —Ai follows (3). The in-
fluence of (4) is governed by the nature of
dependence of +Ai on Vg For a medium
rise in ¢, effects due to (1), (2) and (3) are small.
The observed marked variations in the relative
effect — %Ai with ¢, viz, progressive diminu-
tion at low and medium gas pressures p, and
the initial enhancement and subsequent
diminution at comparatively large p, are due,
in the main, to increase in V,.

WHILE much is not known as regards

the influence of temperature ¢ on

the positive Joshi effect A,
dependence of the negative effect —Ai on
this factor has been more fully investigated*-?.
Some of the observations, viz. of Deo® in
chlorine in a Siemens’ tube with a side bulb
attached to it and maintained at a tem-
perature different from that of the discharge
space, and those of Atchuta Ramaiah® and
Ramanamurti’ in vapours of water and
iodine respectively, the vapours being in
contact with the parent substances, are in-
fluenced by simultaneous changes in the
number of particles in the discharge space.
For a constant mass of gas (vapour)
excited in all-glass Siemens’ and wire-in-
cylinder type discharge tubes, at a given
applied potential V ( >V, the minimum

“ threshold potential ”* for dielectric break-
down of the gas), the relative effect —%As
(= —A¢ x 100/i, ) decreases progressively,
at low and medium gas pressures p, with /.
The effect of ¢ is to initially enhance
—9%As at comparatively large p, and then
diminish it. Thus, e.g. the author! has
observed that in oxygen at the medium pO,
of 331 mm. Hg, and 2-93 kV. (r.m.s., 50~ ),
increase of ¢ from 33° to 125°C. changes
—A¢ from 23-2 to 3-6 per cent. Mallikar-
junappa? found that in high pressure ( 540
mm.) chlorine, —%As at (say) 1-87 kV.
(500~ ) increases from 149 at 25°C, to
416 at 80°C. The author, Mohanty’and
Nanda® observed that in 641 mm. oxygen,
—9%A¢ increases over 27° to 103°C., and
diminishes with further rise in ¢

The activated electrode layer postulated
by Joshi®-1® as the seat of 4+ A7 consists of
electrons, ions and excited neutral particles,
and is characterized by a low work function.
Electrons are released from this layer on
irradiation. These by themselves cause
+Ai. Their attachment, on the other hand,
to the electronegative elements in the dis-
charge space forms slow-moving negative
ions which bring about —A: as a space
charge effect.

A rise in ¢ results in: (1) Increase in the
thermal energy of the electrons ( and other
particles ) in the layer. This would entail
a diminution in the work function, and a
consequent enhancement in the emission.
Shifts in the photoelectric thresholds of pure
metals to the red with rise in ¢ have been
observed, in recent years, by a number of
workers, e.g. Ives!!, Ives and Johnsrud!2,
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DuBridge!3, and Cardwell!4, and, as has been
shown by Fowler!s, are in complete qualita-
tive agreement with the Sommerfeld electron
theory. (2) Desorption: Increase in the
thermal energy of the adsorbed particles
beyond a certain critical value. would lead
to their escape from the layer. This also
follows from the Le Chatelier and Braun
principle of mobile equilibrium, since the
reverse process, viz. adsorption, is attended
by heat evolution. A diminution in emission
would therefore result., Thus, Ives!'® found
that emission from an alkali metal film of a
certain critical thickness decreases with ¢ rise.
Further, positive ions ejected from the layer
would neutralize the accumulated negative
ions and diminish the space charge density.
(3) Attenuation of the space charge due also
to increased heat movement of the negative
ions constituting the space charge, and the
consequent loss through diffusion. (4) In-
crease in the effective potential across the gas
V, due to enhanced conductivity of the glass.

The effect of (1) is an increase in 4As,
and of (2) an opposite change. A diminu-
tion in —A:¢ follows (3). The influence of
(4) is governed by the nature of the variation
of 4+A¢ with V, (vide infra). Further, it
is known that, depending upon the condi-
tions, +A¢ and —As co-occur; the current
indicator shows the balancel?1%. Consequent-
ly, an increase or decrease in the observed
—A¢ would also result from an opposite
change in the accompanying +Ai. For a
rise in ¢ of the order of a few tens of °C.,
effects due to (1), (2) and (3) are small. The
observed marked variations in —9%As, over
such ranges of £, can therefore be ascribed,
in the main, to (4).

The variation of —%A7 with the applied
V, at different p, is represented diagraminati-
cally in Fig. 1. The curves (FiG. 1) refer to
low (¢. 50 mm.), medium (¢. 300 mm.) and
high (¢. 600 mm.) . Similar curves repre-
sent the dependence of —%A¢ on V, which
is approximately a constant fraction of the
applied V. It will be seen that at low 2,
—A7 is unobservable immediately below
Vm; —%A¢ is maximum at this potential
and decreases rapidly with V(>V, ). As
# is increased, both the initial rise and the
subsequent diminution in —9%As are dis-
tributed over wider ranges of V. Thus, e.g.
—9%A¢ in chlorine? at 540 mm. (25°C.)
increases from 9-4 at 1-60 kV. (500~) to
199 at 2-67 kV., and decreases thereafter.
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The initial rise in —9%A7 is more marked
the larger the electrode separation d
(MoHANTY, S. R., unpublished data). Thus,
for oxygen ($Oz = 207 mm., 21°C.) under
semi-ozonizer excitation and 4 =2 mm.,
the effect is not observed below 1-87 kV.
(50~), is maximum at this V, and
diminishes progressively thereafter. At d
=5 mm., and under otherwise identical
conditions, on the other hand, —9%A¢ in-
creases over 1-87to 5-07 kV.

The Siemens’ tubel®20.21 ( F1G. 2) is equi-
valent to a compound condenser, consisting
of three serial capacitances: C, and C, are
associated with the inner and outer electrode
walls respectively; the annular space filled
with the gas represents the third C,. The
combined capacitance due to the inner and
outer annular walls may be denoted by C,,
defined by

1 1 1

o SR
R, is the inverse of the conductivity produced
in the gas above V,, due to ionization by colli-
sion. Further, glass possesses a final steady
state conductivity?223; the corresponding
C, behaves therefore as a condenser shunted
across with a leak resistance R,. The final
conductivity I of glass increases with ¢, ap-
proximately according to the equation®!

I =1

where o is a constant. In consequence of
this increased leak (i.e. decrease in R, ),
V remaining constant, Vg across the inter-
electrode space increases with ¢, and also the
corresponding field E which ( along with p)
determines the probability of electron attach-
ment? and the magnitude of —As.
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e | he
Fic. 2 — CIRCUIT DIAGRAM OF THE SIEMENS
OZONIZER

At a constant applied V corresponding
to the descending portion of a curve ( F16. 1),
an increase in V, with ¢ would diminish
—9%Ai. Along the ascending portion, on
the other hand, a similar variation in V,
would lead to an increase in —9%As. This
last, in 540 mm. chlorine?, increases progress-
ively with V over the range 1-60-2-67 kV.
(vide supra). The enhancement in —9%,A¢
with ¢, over this V range, is therefore the con-
sequence, in the main, of the similar varia-
tion in V,. For a system near the peak on the
ascending portion of a curve, an appreciable
rise in ¢ and a similar change in V, would take
thesystem over the peak to the descending por-
tion of the curve; an initial rise and a subse-
quent diminution in —%A¢ would therefore
result. Such a change is evident from the
results of the author, Mohanty and Nanda3,

The potential dependence of the net
effect —Ai is similar to that of —9,As
(F16. 1) with the modification that the
initial rise is spread over an appreciable
range of V at any 2%, With rise in ¢,

at constant p and V, — A first increases and
then decreases!. Due to increase in Vi,
the maximum in the —A:-V curve shifts
towards low V.

The relative effect —%A:¢ is given by
—Af x 100/i, (vide supra). Since the
discharge current in dark 7, at constant V
increases markedly with #, a small or no
variation in —A¢ appears as a large diminu-
tion in —9%,As.

The sparking potential, obtained with
metal electrodes immersed in a gas, is inde-
pendent of £, as long as the density is cons-
tant. Due to increase in V, with ¢, V,,, on
the other hand, diminishes!.
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Kinetics of Hydration of Vinyl
Acetate-Maleic Anhydride Copolymer

ANIL K. SIRCAR & SANTI R. PALIT .
Indian Association for the Cultivation of Science, Calcutta

The kinetics of hydration of vinyl acetate-
maleic anhydride copolymer in aqueous
acetone have been determined by conductivity
measurements. The k, values for the copoly-
mer are, under the same conditions, slightly
less than those of succinic anhydride which is
structurally akin to the reacting unit in the
copolymer. Measurements with different
samples of the copolymer show that the rate
remains practically unaffected by a change of
molecular weight., Addition of salt reduces
the speed of the reaction and bases catalyse the
reaction and also have a salt effect, the net
result being the outcome of the two opposing
effects.

It has been shown that the two reactions,
viz. hydration of succinic anhydride and hy-
dration of the polymeric anhydride, have
nearly equal energies of activation and an
approximately equal frequency factor, from
which it is concluded that the hydration of a
polymeric anhydride is essentially similar to
that of a monomeric anhydride.

drides have been measured by various

workers'-®, However, the rate of
hydration of an anhydride which forms part
of a high polymer chain has not been studied
so far. This is of wider interest with regard
to the general question of accessibility to
attack of any chemical group located on a
polymer molecule. With this end in view,
we have measured the rate of hydration of
vinyl acetate-maleic anhydride 1:1 copoly-
mer (VAMA). The copolymer of styrene
and maleic anhydride which has already been
extensively studied from various aspects was
found unsuitable for such a study as it is
insoluble in water and the VAMA copolymer
has been found to be the most suitable, being
highly soluble in water.

THE kinetics of hydration of acid anhy-
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Experimental procedure

Method of following the reaction — Mens-
chutkin and Vasilieff’ investigated the reac-
tion of acetic anhydride with water in an
acetic acid medium and showed that the
reaction is by no means very.rapid. An
attempt was made by Benrath® to measure
the rate by means of change of density.
Lumiere and Barbier® adopted an analytical
method in which the mixture after a lapse of
a certain time is acted upon by aniline when
the anhydride was precipitated as acetanilide
with the liberation of an equivalent of acid.
The total acid present was then titrated with
alkali. They deduced no velocity constant
for their experiments done at 0° and 15°C.,
but if their results are calculated on the uni-
molecular formula, an approximate constant
is obtained. Barr and Plyer? have measur-
ed this rate of reaction with the help of infra-
red absorption spectra of mixtures of water
and different acid anhydrides. They measur-
ed the kinetic constants and showed that the
reaction is unimolecular.

We have endeavoured to determine the
rate constant with greater accuracy and in a
much simpler way by measuring the change
in conductivity with the progress of reaction.
The same method was successfully followed
by Rivette and Sidgwick'?> and Wilsdon and
Sidgwick3* to determine the rate constant
for a number of acid anhydrides.

The procedure adopted in our study was
to measure at appropriate intervals the elec-
trical conductivity of a solution of the anhy-
dride in aqueous acetone and to determine the
concentration of the anhydride from a cali-
bration curve. The anhydride was first
dissolved in a suitable quantity of anhydrous
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acetone in the cell itself, a measured quantity
of water was then added so that the desired
ratio of acetone and water is obtained in the
mixture. The concentration of the anhydride
taken was about 1 per cent in the case of
the polymer and about half the amount in the
case of succinic anhydride. Conductivity
measurements were taken from 3 to 4 min.
up to 15-20 min, in which period the reaction
was more than half complete and the end
point could be safely read after 2 or 3 hr.
A calibration curve was prepared for the
concentrations of the polymeric acid corres-
ponding to the conductivity readings of the
anhydride by measuring the conductivity
at various dilutions of the acid finally ob-
tained. The concentrations corresponding
to different bridge readings during hydration
were found out from this calibration curve.
Time versus logarithm of anhydride concen-
tration graph so obtained was a straight line
which showed that the reaction of the poly-
meric anhydride with water is unimolecular.
The velocity constant was determined from
the slope of the straight line. In every
experiment we determined the values at least
twice and the results agreed very well. No
attempt was made to buffer the solution as
the change of pH during a reaction was very
small (often less than 0-1 unit). The pH
generally lies between 2 and 3 as measured
by glass electrode with a Cambridge pH
meter. It might be contended that the ester
group might also hydrolyse and complicate
matters. The rate of hydrolysis of an ester
is, however, too small at this pH to be of any
significance and this was further confirmed by
the fact that methyl acetate, under conditions
of pH and temperature employed by us, did
not produce any perceptible change in con-
ductivity.

Employing the usual precautions adopted
in such experiments, the accuracy of the
conductivity measurements obtained was
sufficient for our purpose except perhaps at
the very dilute end of the series. Since the
viscosity of the solution is known to change
considerably on conversion of the polyanhy-
dride to the acid, we were doubtful of the
applicability of the conductivity method in
this case. Our results dispelled any such
doubts and we found that the log c versus t
curves were straight lines in spite of this
possible uncertainty.

Samples — Three .different samples of
the copolymer, viz. VAMA-1, VAMA-2 and

VAMA-3, of approximately 1:1 composition
were used in these experiments. These
differed in their molecular weights. The
polymer VAMA-1 was prepared by reacting
maleic anhydride with vinyl acetate in
equimolecular proportion in benzene at 60°C.
with constant stirring in a nitrogen atmo-
sphere. The concentration of the catalyst
( benzoyl peroxide ) was 0-5 per cent on the
weight of the monomer. The other two
polymers were obtained by bulk polymeriza-
tion at 60°C. with equimolecular proportions
of maleic anhydride and vinyl acetate using
0-04827 and 0-02986 per cent of benzoyl
peroxide respectively on the weight of the
monomers. The yield was not allowed to
exceed 20 per cent in any case. VAMA-1 pre-
cipitated out from benzene as it was formed.
The other two samples were precipitated out
by adding benzene. All the polymers were
kept in benzene for 24 hr., dissolved in ace-
tone, precipitated with petroleum ether and
dried to constant weight at 40°-50°C. The
samples differed in their molecular weight,
VAMA-3 having the highest molecular weight
and VAMA-1 the lowest. Succinic anhy-
dride was prepared according to the procedure
employed by Vogel®.

All the measurements were done with a
Doran direct reading conductivity bridge
using a Kohlrausch type of cell (the cell
was a stoppered flask of volume c. 45 cc. with
sealed-in electrodes). The cell constant,
0-2375, was obtained from measurements
with deci- and centi-normal potassium chlo-
ride solutions. The specific conductivity of
the water used was 1-2 X 107® mhos.

Results and discussion

Fig. 1 represents a typical duplicate set of
log c vs. time graphs for hydration of the poly-
meric anhydride, VAMA-1, at 35°C. in 1: 4
acetone-water mixture. The two graphs are
straight lines and are nearly parallel, and in
fact practically super-impose on each other,
and indicate the fairly high degree of accuracy
attained in our experiments. They are, there-
fore, drawn on different scales for the ordinate.
It can be seen from the results given in
Table 1 that the reaction rate falls consider-
ably on increasing the proportion of acetone
in the solvent medium. This is evidently
due to the low dielectric constant of acetone.
It would have been of great interest to work
with very small concentrations of water and
find out the kinetic order with respect to
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F1G. 1 — VELOCITY CONSTANT OF THE HYDRATION
OF SUCCINIC ANHYDRIDE AND VINYL ACETATE-
MALEIC ANHYDRIDE COPOLYMER

TABLE 1— RATE OF HYDRATION OF ANHYDRIDE
AT 35°C.

[ Ry x10% sec.”? ]

ANHYDRIDE SOLVENT — WATER: ACETONE, BY VOLUME
A
“9:1 41 1:1
Copolymer anhy- f8-15\ Mean 5-00\ Mean 1-13
dride (VAMA-1) \ 7-44 7-80 5:29f 5-14
Succinic anhydride {ggg g!%;“ gggj a’{%a*“ 1-48

water but our present experimental method
precludes such a measurement.

Effect of size of the polymer molecule — The
question which first arises is whether the
activity of a chemically reactive centre
changes profoundly if it happens to be on a
polymer molecule rather than on a smaller
molecule. From Table 1 it can be seen that
the anhydride group in a VAMA copolymer
hydrates at a slightly lower rate than that in
succinic anhydride. The latter is a small
molecule with which the anhydride unit in
the VAMA is structurally very similar. We
can, therefore, conclude from the reaction
kinetic standpoint that high polymeric struc-
ture decreases only slightly, if at all, the
reactivity of a chemical group.

To probe into the question further we pre-
pared two samples of the copolymer using
varying concentrations of catalyst under
otherwise identical conditions. These sam-
ples are designated VAMA-2 and VAMA-3,
the last having the highest molecular weight
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as can be seen from their intrinsic viscosity
values ( TABLE 2).

It can be seen from the results in Table 2
that the reaction velocities in the same sol-
vent for polymers of varying molecular weight .
are more or less constant within the limits of
experimental error. The slight difference in
the values is probably due to some difference
in the polymer samples themselves as it is
difficult to obtain different polymer sam-
ples of strictly identical nature due to chance
variation occurring among them. This seems
to point out that the shielding of a chemically
reactive group by the folding or coiling of a
polymer chain is materially the same for
polymers of all sizes due probably either to
free-draining nature of the coil or to an equal
average folding per unit length of the chain
under otherwise identical conditions.

Effect of sait and alkali — Alkalies catalyse
the hydration of acid anhydrides very strong-
ly, even a trace of alkali making the reaction
too fast for kinetic measurements!t»12,  This
is, however, not wholly true as our qualita-
tive experiments with acidic anhydride have
shown that with caustic alkali, up to 0-1
equivalent of the anhydride, the reaction
takes place in a measurable time, and with
bases in the Bronsted sense, e.g. acetate ion,
the acceleration is rather small. This indi-
cates that the matter requires careful re-in-
vestigation.

We have measured the effect of a small
quantity of alkali, viz. one mole per cent of
the monomeric unit and found a definite
decrease in reaction rate. The same amount
of sodium chloride is far more effective in
decreasing the reaction rate. This is shown
in Table 3. That alkali catalyses the reac-
tion is no doubt the evident explanation but
there is also a salt effect, which is in part due
to polyelectrolytes chain in presence of salts,
and the net result is the outcome of these

TABLE 2 — VARIATION OF k, WITH MOLECULAR
WEIGHT AT 35°C.

[k x10¢ (sec.”?)]

PoLYMER SOLVENT — WATER: [m* ApPrOX.
ACETONE, BY VOLUME MOLECULAR
e | WEIGHTT
4:1 1:1
VAMA-1 5-14 1-18 0-70 5-856 x 10*
VAMA-2 . 538 1-53 3-60 63200 x 10*
VAMA-3 4-42 1-48 5-05 113-400 x 10%

*Measured in water in presence of 0°7218N hydrochloric acid
to suppress the ionization of the polyelectrolyte.

tCalculated from the approximate general equationy = 10“M'.
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TABLE 3 — EFFECT OF SALT AND ALKALI ON THE
RATE OF HYDRATION OF POLYANHYDRIDE ( VA)

SOLVENT SALT OR k, X 104 (sec.”?)
ALKALI* VAMA-1 SUCCINIC
Water: acetone ANHYDRIDE
4:1 None 5-14 6-94
. 8:70 ,. .
41 NaOH 4,26}4 02 655
; 3-27 4. .
4:1 NaCl {3.27}3 27 568
s Na 4-831,. y
&1 Acetate 4~42}4 g2 8:60

*The amount of salt or alkali present was just equal to one
molecule of the additive to 100 monomeric units in the copolymer
or succinic anhydride.

TABLE 4 — CHANGE OF VELOCITY CONSTANT WITH

TEMPERATURE
TeMp. 1/Tx10® Log k, Succinic  ENERGY OF
°C. VAMA-1 ANHYDRIDE Acnv?nou
cal.
35 3-247 —3-288 —3-159 15400
( VAMA-1)
40 3-195 —3-115 —3-089 —_
45 3-145 —2-943 —2-841 —
50 3-096 —2-778 —2:732 15600 (succi-
nic anhydride)
-2'70
O Copolymer, VAMA,
- @ Succinic Anhydride
—2'80 - -
-2°90 |
-
x
&
o =300
rt
=310
=~3:20}
330 1 1 1
305 310 315 320 325 330
1 3
3% 10

Fig. 2 — ENERGY OF ACTIVATION OF THE HYDRA-
TION OF SUCCINIC ANHYDRIDE AND VINYL ACETATE-
MALEIC ANHYDRIDE COPOLYMER

two opposing effects. It is rather difficult to
understand why sodium acetate is less power-
ful in diminishing the speed of reaction than

caustic soda, unless it be due to some specific
effect. However, our conclusions are only
of a tentative nature and more detailed
studies are necessary to find out the actual
role of salt and alkali in the hydration of
these anhydrides.

Energy of activation — Table 4 represents
the change of the velocity constant of the
polymeric anhydride and succinic anhydride
with change of temperature, and the corres-
ponding graph of 1/T vs. log k, is shown in
Fig. 2.

It is seen from the graphs in Fig. 2 that the
points fall on straight lines and the two
straight lines are almost parallel to one
another. This shows that the two reactions
are essentially similar and have nearly equal
energies of activation and approximately
equal frequency factor. It is, therefore, con-
cluded that the kinetics of hydration of a
polymeric anhydride exhibit very few special
features which are different from those of a
comparable monomeric anhydride.
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Synthetic

Experiments in the

Benzopyrone Series: Part XLVIII—A
Synthesis of Muningin Diethyl Ether

M. KRISHNAMURTI & T. R. SESHADRI
Department of Chemistry, Delhi University, Delhi

Following the procedure adopted earlier for
the synthesis of tectorigenin trimethyl and
triethyl ethers, the synthesis of muningin di-
ethyl ether has now been carried out using
3: 5-dimethoxy-4-ethoxy phenol and para
ethoxy phenyl acetyl chloride as intermediates.

for the synthesis of 5:6:7-hydroxy

isoflavones starting from antiarol was
described. Using 3 :5-diethoxy-4-methoxy
phenol tectorigenin triethyl ether, useful for
confirming the constitution of tectorigenin,
was also obtained. Following the same
general procedure the synthesis of muningin
diethyl ether has now been accomplished.
For this purpose 3:5-dimethoxy-4-ethoxy
phenol is subjected to the Friedel and Crafts
reaction with p-ethoxy phenyl acetyl chloride.
The resulting ketone on isoflavone ring closure
yields 5:7-dimethoxy-6 : 4'-diethoxy isofla-
vone. Its properties agree with those report-
ed for muningin diethyl ether and thus this
synthesis confirms the constitution of mun-
ingin (V) proposed by King et al.2.

As a partial methyl ether, muningin is
extraordinary in that the resistant hydroxyl
in the 5-position is methylated. In a few
flavones such as nobiletin and tangeretin also
the resistant 5-hydroxyl gets methylated but
in them there is complete methylation and
no other hydroxyl is left unaffected. On the
other hand, in muningin reactive hydroxyl
groups in 6- and 4’-positions are left free.
Though such partial methylation in the 5-
position has not been known before, glycoside
formation in this position has been recorded
in sakuranin, salipurposide, galuteolin and
in apigenin 5-glucoside. An explanation
offered earlier for the evolution of these
glycosides®* would appear to be applicable
also for the partial methylation as found in
muningin. It could be suggested that me-
thylation of the concerned hydroxyl groups
took place before isoflavone ring closure
(formula III ). Actually even the introduc-

IN an earlier paper! a convenient method
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tion of the fresh hydroxyl group by nuclear
oxidation should have taken place at that
stage ( formula IV ) and this is in accordance
with the suggestion made originally in con-
nection with nuclear oxidation in the flavone
series’. The details can be roughly pictured
as given in the following formulae. The
survival of the 4'-hydroxyl in the course of
the methylation reaction could be attributed
to its being engaged in glucoside formation
or in a similar combination.

Ci30, /N OH CH30 )
CH. —O—OCzHg OC Mg
czu_.,cho’ - Lo °
OCHy Ny
I I
CH10 /[ OH -1':— CH30
(e t-Oron —= WL
OCHs OcHy
Il R=H; 1V R=OH v

Experimental procedure

p-Ethoxy phenyl acetic acid — This was
earlier obtained by ethylation of p-hydroxy
phenyl acetic acid® and recently from p-
ethoxy phenyl pyruvic acid!. The following
procedure adopting the method used by
King and Neill” for the preparation of 2: 4-
dimethoxy phenyl acetic acid has been found
to be more convenient. A mixture of p-
ethoxy acetophenone (27 g.), morpholine
(24 cc.) and sulphur (9 g.) was refluxed in
an oil bath for 8 hr. The product was
dissolved in chloroform and the chloroform
solution was washed repeatedly with dilute
hydrochloric acid to remove the excess of mor-
pholine. The crude morpholide was refluxed
for 8 hr. with a solution of sodium hydroxide
(80 g.) in water (600 cc.). The solid obtain-
ed by acidifying the alkaline solution was crys-
tallized from a large amount of water when
p-ethoxy phenyl acetic acid separated in the
form of leaflets melting at 88°-89°; yield 9-5g.

2-Hydroxy-4 : 6-dimethoxy-5-ethoxy phenyl
p-ethoxy-benzyl ketone (I) — 4-Ethoxy-3: 5-
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dimethoxy phenol rejuired for this experi-
ment was prepared according to the method
of King, King and Warwick?.

A solution of anhydrous aluminium chlo-
ride (6 g.) and 3:5-dimethoxy-4-ethoxy
phenol ( 5 g.) in dry ether ( 100 cc.) was cooled
to 0° and treated with $-ethoxy phenyl acetyl
chloride (5 cc.). The reaction mixture was
shaken for ¢. 2 hr. and then left at room
temperature overnight. Ether was removed
on a warm water bath and the remaining
organo-aluminium complex first treated with
ice and hydrochloric acid and subsequently
heated on the water bath to complete the
hydrolysis. The mixture was then extracted
with ethyl acetate, the extract washed succes-
sively with aqueous sodium bicarbonate solu-
tion (5 per cent ) and water and then dried
over anhydrous sodium sulphate. On eva-
poration it left a viscous mass which solidified
on keeping. It was then crystallized from
ethyl acetate when it came out in the form
of colourless small plates melting at 104°;
yield 0-8 g. It gave a brown colour with
ferric chloride (found: C, 66-5; H, 6-4;
C,yoH 40, requires: C, 66-7; H, 6-7 per cent ).

5:7-Dimethoxy-6:4'-diethoxy isoflavone
(IT) — The above ketone (1 g.) dissolved in
freshly distilled ethyl formate (30 cc.) was
added in portions of 3 cc. at a time to pul-

verized sodium ( 0-6 g.) well cooled in ice.
After shaking the mixture for about 2 hr.
it was left in the refrigerator for 48 hr.
It was then added to crushed ice to de-
compose the excess of sodium. The alkaline
solution was acidified with hydrochloric acid
and then extracted with ether. The ether
extract was washed with aqueous sodium
hydroxide solution (10 per cent) and then
with water. Evaporation of the dried ether
solution left a solid which when crystallized
from methyl alcohol yielded the isoflavone as
colourless rhombohedral plates melting at
158°; yield 0-25 g. (found: C, 67-8; H, 6-2;
C,yyH,,04 requires: C, 68-1; H, 6-0 per cent ).
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Survey of Anthoxanthins: Part V—
Colouring Matter of Liquorice Roots

(Miss) B. PURI & T. R. SESHADRI
Departments of Chemistry, Lady Irwin College & Delhi University, Delhi

IQUORICE is a well-known drug widely
L used as a demulcent and sweetening

agent. The root powder is markedly
yellow and no explanation seems to have
been given so far for this colour. Earlier,
Shinoda and Ueeda! obtained from the alco-
holic extract a colourless glucoside called
liquiritin, which was reported to yield on
hydrolysis glucose and a colourless aglucone,
liquiritigenin, whose constitution was estab-
lished as 7:4'-dihydroxy flavanone (I). Since
the above glucoside as well as the aglucone
are colourless, the phenomenon of colour in

The yellow colour of liquorice root is due to
the presence of iso-liquiritin whose constitution
is established as the 4’-glucoside of iso-liqui-
ritigenin (2:4:4’-trihydroxy chalkone) by
complete methylation and hydrolysis. The
structure of the hydrolytic product is con-
firmed by synthesis of the isomeric chalkone
dimethyl ethers. Isoliquiritin is the only
anthoxanthin component of the fresh roots and
it undergoes partial conversion into liquiritin
during drying and storage. Liquiritin is
shown independently to be a 4’-glucoside and
to yield on hydrolysis both liquiritigenin and
iso-liquiritigenin.
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liquorice has remained unexplained. Hence,
the roots have now been re-examined. It is

possible to remove all the colour from com-.

mercial liquorice roots by repeated extrac-
tion with cold alcohol. Examination of this
coloured extract by chromatography revealed
the marked presence of a chalkone glucoside
besides a flavanone glucoside. On concen-
tration colourless liquiritin could be obtained
as the first fraction and from subsequent
fractions was obtained a deep yellow subs-
tance whose reactions indicated that it was a
chalkone glucoside. It did not give any
colour with magnesium and hydrochloric acid
but gave a permanent brown colour with
alcoholic ferric chloride. Analytical results
indicated that it was isomeric with liquiritin
and hence it has been named iso-liquiritin.
On hydrolysis it yielded besides one mole of
glucose a mixture of chalkone and flavanone;
circular chromatography of the aglucone
mixture yielded two rings, one yellow before
and the other after spraying. The two com-
ponents could be separated by fractional
crystallization; the colourless flavanone
agrees in every respect with liquiritigenin (I).
The chalkone is identical with a synthetic
sample of 2: 4: 4'-trihydroxy chalkone? (II)
and since this is an isomer of liquiritigenin
it is now named iso-liquiritigenin. It may
be mentioned here that Shinoda and Ueeda!l
reported that they obtained only liquiriti-
genin, a flavanone by the hydrolysis of liqui-
ritin. From the results of recent experiments
on the hydrolysis of butrin* it appeared
that this was not fully correct. Hence the
hydrolysis of liquiritin has now been repeated
and it is found that a mixture of both liquiri-
tigenin and iso-liquiritigenin is obtained.
The above results are due to the easy inter-
conversion® in hot acid solution of chalkones
and flavanones which do not have the phloro-
glucinol unit and they lead to the conclusion
that iso-liquiritin is a glucoside of 2: 4: 4'-
trihydroxy chalkone ( iso-liquiritigenin ) and
liquiritin is the glucoside of the corresponding
flavanone.

(:@"‘O uoaou’::Oou

The location of the glucose unit in iso-
liquiritin has been established using the
method of complete methylation of the glu-
coside and subsequent hydrolysis. The pro-
duct is found to be a dimethyl ether of iso-
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liquiritigenin, m.p. 143°-44°C. It gives no
colour with ferric chloride and is soluble in
sodium carbonate. 2-Hydroxy-4: 4'-dime-
thoxy chalkone® was earlier reported by
Kostanecki and Osius to melt at 113°-14°C.
and give positive ferric reaction. Conse-
quently the free hydroxyl group in the pro-
duct of hydrolysis should be in the 4 or 4'-
position of the chalkone. In order to settle
this point two reference compounds have
been prepared: (1) 2:4-dimethoxy-4"-hy-
droxy chalkone (III) (m.p. 143°-44°C.) by
the condensation of resacetophenone dimethyl
ether with p-hydroxy benzaldehyde and
(2) 2: 4'-dimethoxy-4-hydroxy chalkone (IV)
(m.p. 183°-85°C.) by the condensation of
iso-peonol with anisic aldehyde. Thechalkone
dimethyl ether obtained from iso-liquiritin is
identical with the 4’-hydroxy compound and
is different from the other isomers. Therefore,
it follows that iso-liquiritin is a 4'-glycoside
(V) of the trihydroxy chalkone. The chalk-
one itself has been very recently reported to
be present in a variety of yellow dahlia’.

CH30 °°"5cu..<:>. HO A OMscu—-0cHs
q /C” thoj“
™
OH
o O
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Earlier Shinoda and Ueeda! did some ex-
periments to establish the position of the
glucose unit in liquiritin itself. They me-
thylated it with methyl iodide and potassium
carbonate in acetone suspension, but they
were not able to obtain any crystalline methyl
ether either of the glucoside or of the aglucone,
By direct fission of the methylation product
with alkali they were able to characterize
peonol and p-hydroxybenzoic acid as pro-
ducts. Hence they inferred that the sugar
unit should occupy the 4’-position of the
flavanone. Obviously there was only partial
methylation even though the oxide ring
might have opened. In view of the indefi-
niteness of these experiments the study of
liquiritin has been again made now. Follow-
ing the same lines as adopted for iso-liquiritin
the fully methylated glucoside ( coloured
chalkone ). was hydrolysed. The product
was a chalkone identical with 2: 4-dimethoxy-
4'-hydroxy chalkone obtained in the case of
iso-liquiritin. Based on the analogy of
butrin and other flavanone glycosides®® it
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should be concluded that during complete
methylation the flavanone ring has opened
out producing a chalkone derivative. How-
ever, the position of the glucose unit is definite
as 4’ (VI). Itis, therefore, clear that liquiritin
and iso-liquiritin are isomeric flavanone and
chalkone glucosides, corresponding to similar
pairs, butrin and iso-butrin, and salipurpo-
side and iso-salipurposide. Related aglucone
pairs occurring together are butin and butein,
pedicin and iso-pedicin, 6: 7: 3': 4'-tetra-
hydroxy flavanone and the coiresponding
chalkone.

M cH —Ooc.uuo;
Jok2

vi

It should be interesting to note that in
liquiritin and iso-liquiritin the sugar unit is
present in the side phenyl nucleus. Such
cases were not originally common. A number
of them have been discovered in recent years.
Butrin, iso-butrin and cannabiscitrin!® carry
glucose units in the 3'-position, the iso-rham-
netin glycoside! of croccus pollen and geni-
stein glycosides'®13 of Sophora japonica in
the 4'-position. Very recently a variety of
Dahlia variabilis is reported to contain api-
genin 4'-glucoside4,

We have been able to obtain a sample of
fresh -liquorice roots from the Indian Agri-
cultural Research Institute, Delhi, by the
courtesy of the Director and the Head of
the Division of Agronomy. On examination
the alcoholic extract is found to contain only
iso-liquiritin, the chalkone glucoside and no
liquiritin could be detected. It is only on
boiling the alcoholic solution or on exposing
the roots to sun drying and storage that some
isomerization into liquiritin takes place. A
pure sample of iso-liquiritin is easily obtained
from the fresh roots. It is, therefore, estab-
lished that the yellow colouring matter of the
liquorice root is this chalkone glucoside. The
preponderance of the chalkone is due to the
comparative instability of the flavanone
which does not have a hydroxyl in the
5-position®. An estimation has been made of
the total anthoxanthin glucosides present in
commercial dry roots and it is found to be
approximately 2-2 per cent. In view of the
physiological properties!®* which anthoxan-
thin glycosides are known to possess, when
accounting for the beneficial effect of the drug
the part played by iso-liquiritin and liquiritin

should not be ignored. Actually they are
bitter with a sweet after-taste and stimulate
the salivaty glands encouraging secretion.

Experimental procedure

Extraction of liguorice roots: (a) Fresh liquo-
rice — Fresh roots were crushed and extract-
ed in the cold with rectified spirits. Three
extractions, each taking 24 hr., were found to
be enough. When this extract was directly
tested using circular paper chromatography,
it gave only one marked yellow ring, R
0-70 (temperature 34°-36°C. and solvent
water saturated with phenol ), and there was
no change on spraying with ammonia. Later
the extract was concentrated to a small
volume, poured into excess of water and
then extracted with ether. The ether extract
contained no pigment. The aqueous solu-
tion gave two rings in paper chromatography:
(1) strong, with R¢ value 0-71 before spraying
and (2) weak, with Ry value 0-86 after spraying
with ammonia. The second ring was iden-
tical with the one obtained from an authentic
sample of liquiritin. The prominent first
ring is attributed to iso-liquiritin.

The aqueous solution contained besides
the pigments, sugar and other soluble com-
ponents. Hence, it was treated with neutral
lead acetate. A small dirty yellow precipi-
tate was obtained. On examination it was
found to contain only a small part of the
same colouring matter mentioned hereafter.
The main portion was precipitated as a
bright yellow solid on adding basic lead
acetate. This was filtered off, suspended as
a thin paste in aqueous alcohol ( rectified
spirits 2 parts and water 1 part ) and decom-
posed by saturating with hydrogen sulphide.
The mixture was filtered off and the residue
again subjected to the same treatment. The
consolidated filtrate was allowed to concen-
trate in the presence of potash at the ordinary
temperature. The first crop of crystals (a
small quantity ) was pale yellow in colour,
and on recrystallization from hot water
came out in the form of colourless needles,
melting at 211°-12°C.  An alcoholic solution
of the substance gave a violet pink colour
with magnesium powder and hydrochloric
acid and no colour with ferric chloride. These
properties agreed with the description of
liquiritin, R¢ value of the ring visible after
spraying with ammonia, 0-87.

When the mother liquor was further con-
centrated it gave a deep yellow solid ( main
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part). It crystallized from dilute alcohol
in the form of deep yellow prismatic needles
melting at 185°-86°C. ( decomp.). In chro-
matography iso-liquiritin produced only one
yellow ring requiring no spraying, R; value
0-70. Its alcoholic solution gave a deep
brown colour with ferric chloride, and no
colour with magnesium powder and hydro-
chloricacid ( found: C, 53-7; H, 5-8; Cy,H,,0,,
3H,0 requires: C, 53-4; H, 5-9 per cent ).

(b) Dried liguorice — The fresh alcoholic
extract gave two rings: (1) deep yellow before
spraying, R¢ value 0-71 corresponding to
iso-liquiritin, (2) appeared yellow only after
spraying, circular R¢ value 0-86, correspond-
ing to liquiritin.

The isolation of the pigments was made
just as before. The yields of liquiritin and
iso-liquiritin were almost equal.

Hydrolysis: (a) Iso-liqguiritin — Iso-liqui-
ritin (1 g.) was boiled with 7 per cent
aqueous sulphuric acid (50 cc.) for 2 hr.
The aglucone mixture separated out as a
yellow solid. It was filtered and the solution
extracted with ether to effect complete
recovery. The aqueous solution was neutra-
lized with barium carbonate, concentrated
and tested for sugar. It gave glucosazone
test and circular Ry value 0-59 using phenol-
water (9:1) corresponding to glucose.

The aglucones gave two rings in chromato-
graphy: (1) yellow before spraying, R value
0-50, (2) visible (yellow) only after spraying,
R¢ value 0-78. The mixture was dissolved
in aqueous alcohol and allowed to concen-
trate at ordinary temperature. The first
crop of crystals was pale yellow in colour.
Recrystallization from aqueous alcohol gave
almost colourless solid melting at 207°-8°C.
Its alcoholic solution gave no colour with
ferric chloride and a violet red colour with
magnesium powder and hydrochloric acid;
circular Ry value 0-78 after spraying with
ammonia. This corresponded to liquiriti-
genin ( 7: 4'-dihydroxy flavanone ).

The subsequent crop of crystals from the
alcoholic solution was deep yellow. Recrys-
tallization yielded small deep yellow prisms
melting at 202°-4°C.; circular R¢ value
without spraying 0-50. An alcoholic solu-
tion gave a deep brown colour with ferric
chloride and no colour with magnesium
powder and hydrochloric acid. This corres-
ponded to iso-liquiritigenin. Mixture with
liquiritigenin gave a lower melting point
whereas with 2: 4: 4'-trihydroxy chalkone
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the melting point was undepressed. A
quantitative study of the hydrolysis using
the dried glucoside yielded the following re-
sults — found: glucose, 42:1; aglucones, 599;
C,H,,04 requires: glucose (1 unit), 43-1;
and aglucones dried at 100°C. (Cy;H,,0,),
61-2 per cent.

(b) Liguiritin — The experimental proce-
dure was just the same as given above and
the results were also the same. The aglucone
was a mixture of chalkone and flavanone.

Methylation and hydrolysis: (a) Iso-liqui-
ritin — Powdered iso-liquiritin (1 g.) was
suspended in dry acetone ( 20 cc.), dimethyl
sulphate (1 cc.) and anhydrous potassium
carbonate (3 g.) added and the mixture
refluxed on a water bath for 48 hr. It was
then filtered and the residue washed with
hot acetone. The acetone was distilled off
from the filtrate and the red solid obtained
was boiled with 25 cc. of 7 per cent aqueous
sulphuric acid for 2 hr. The solution was
cooled and extracted with ether. On remov-
ing the ether a yellow solid separated out
which crystallized from rectified spirits as
tiny pale yellow broad rectangular plates
melting at 143°-44°C. The compound was
soluble in sodium carbonate giving a red
solution and its alcoholic solution gave no
colour with ferric chloride. Mixed melting
point with a synthetic sample of 2: 4-dime-
thoxy-4'-hydroxy chalkone was undepressed.

(b) Liquiritin — Adopting the same me-
thod a sample of liquiritin was separately
methylated and hydrolysed. It gave the
same product melting at 143°-44°C. whose
mixed melting point with a synthetic sample
of 2: 4-dimethoxy-4'-hydroxy chalkone was
undepressed.

Conversion of liquiritin into iso-liquiritin —
Liquiritin (1 g.) was dissolved in aqueous
sodium hydroxide solution ( 5 per cent ) and
kept aside for 15 min. It was acidified with
citric acid solution (5 per cent ) while kept
cool in ice. The solution was then evapo-
rated at room temperature in the presence of
caustic potashsticks. Afterone weeka yellow
crystalline powder separated which after re-
crystallization from dilute alcohol appeared
in the form of yellow prismatic needles melt-
ing at 185°-86°C. In paper chromatography
it gave a yellow ring without spraying, Ry
value 0-70, same as that of iso-liquiritin, It
gave the same colour reactions as iso-liquiritin
and the mixed melting point with the sample
of iso-liquiritin obtained directly from the
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roots was undepressed. The later crop of
crystals was paler in colour and on crystalli-
zation from aqueous alcohol yielded colour-
less crystals of liquiritin melting at 212°C.,
R¢ value 0-86.

Synthesis of iso-liquiritigenin (2:4:4'-
trikydroxy chalkone) (II) — The condensa-
tion of resacetophenone and p-hydroxy
benzaldehyde was effected in the same way
as given by Nadkarni and Wheeler?. Preli-
minary cooling to 0° and keeping out air
were not found necessary. The product was
worked up by an improved method. The
crude deep yellow solid was dissolved in ether
and extracted with cold aqueous sodium bi-
carbonate. The bicarbonate extract was
acidified and re-extracted with ether. Eva-
poration of the solvent yielded almost pure
chalkone, m.p. 202°-4°C., R¢ value 0-50. Re-
crystallization from aqueous alcohol yielded
deep yellow small prisms. Colour reactions
were identical with those of natural iso-
liquiritigenin.

2: 4-'Dimethoxy-4-hydroxy chalkone (I11)—
Resacetophenone was fully methylated by
boiling with excess of dimethyl sulphate in
the presence of anhydrous potassium car-
bonate in acetone medium for 24 hr. After
distilling off acetone, water was added and
the product extracted with ether. The ether
solution was washed with a dilute solution of
sodium hydroxide, and then with water and
evaporated. The crude dimethyl ether was
obtained as an oil; it did not give any ferric
reaction and was directly used for chalkone
condensation.

A mixture of dimethoxy acetophenone
(3 g.) and p-hydroxy benzaldehyde (1 g.)
was dissolved in alcohol ( 20 cc.) and treated
with caustic potash ( 30 cc.) ( 50 g. of potash
in 35 cc. of water ). It was then kept out of
contact with air at room temperature for
3 days. The product was then diluted with
water and acidified with hydrochloric acid
while cooling under thetap. The amorphous
solid which separated was extracted with
ether and then the ether solution extracted
with aqueous sodium carbonate solution
(5 per cent). The carbonate extract was
acidified and then re-extracted with ether.
On evaporation of the solvent a deep yellow
residue was obtained. It crystallized from
rectified spirits as pale yellow broad rectan-
gular plates melting at 143°-44°C. (found:
C, 71-3; H, 5'5; C;;H 40, requires: C, 71-8;
H, 5-6 per cent).

2: 4'-Dimethoxy-4-hydroxy chalkone (IV)—
Benzoate of iso-peonol!® (2 g.) and anisic
aldehyde ( 4g.) was condensedin the presence
of alcoholic potash and the product purified
as given in the above experiments. The
crude chalkone obtained from the carbonate
extracts was conveniently purified by taking
it up in ether and adding petroleum ether
until all the resinous impurities were preci-
pitated. The substance obtained from the
clear solution crystallized finally from alcohol
in the form of narrow rectangular plates and
needles melting at 183°-85°C. (found: C, 64-1;
H, 5-8; loss on drying at 110°, 10-6; C,,H,,0,,
2H,0 requires: C, 63-8; H, 6-3; H,O loss,
11-3 per cent ).

2: 4: 4'-Trimethoxy chalkone — (a) Iso-liqui-
ritigenin was fully methylated by using ex-
cess of dimethyl sulphate and refluxing for
24 hr. The crude product was washed with
aqueous sodium hydroxide and recrystallized
from rectified spirits when it appeared in
the form of broad colourless rectangular
plates and tablets melting at 91°-93°C.
It gave no colour with ferric chloride.

(b) It was synthesized by the condensation
of 2: 4-dimethoxy acetophenone (2 g.) with
anisic aldehyde ( 4 g.) in the presence of alco-
holic potash. The product was crystallized
twice from alcohol when it appeared as broad
colourless rectangular plates and tablets
melting at 91°-93°C. Mixed melting point
with the trimethyl ether of iso-liquiritigenin
was undepressed ( found: C, 72-0; H, 5-5;
C,sH 50, requires: C, 72-5; H, 6-0 per cent ).

Estimation of glucosides — Air-dried com-
mercial liquorice roots (100 g.) were twice
extracted with boiling alcohol, each extrac-
tion being carried out for 3 hr. The
alcoholic concentrate was diluted with an
equal volume of water and enough sulphuric
acid added to make its concentration 7 per
cent and the mixture boiled for ¢. 2 hr.
Excess of water was added and the aglucones
exhaustively extracted with ether. The ether
extract wasshaken up repeatedly with sodium
bicarbonate, acidified and again extracted with
ether. The ether solution was evaporated and
the yellow crystalline residue dried at 110°C.
to constant weight. The yield was 1-2 per
cent of anhydrous aglucones which would
correspond to 2-2 per cent of iso-liquiritin.
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The Effect of Estradiol Dipropionate
on the Development of Trypanosoma
equiperdum in Rats & Mice

I. M. CHAK & AMIYA B. KAR
Central Drug Research Institute, Lucknow

Estradiol dipropionate exerts an inhibitory
action on the development of Trypanosoma
equiperdum in rats and mice, thereby pro-
longing the survival time of the infected
animals. It is suggested that the hormone
influences the development of the parasites
through its action on some important consti-
tuents of the blood such as lipids, proteins and
calcium.

in recent years to elucidate the

influence of hormones, particularly
cortisone and adrenocorticotropic hormone
(ACTH ), on the course of infection in bac-
terial and virus diseases!. However, very
“little work has been done on hemosporozoan
infections. Bennison and Coatney? were
unable to neutralize the sex difference in the
susceptibility of young chickens to Plasmo-
dium gallinacewm infections by treatment
with sex hormones. Robles Gill and Perrin3
failed to detect any effect of ACTH on the
tissue form of Trypanosoma cruzi, although
the hormone was found to exert a beneficial
influence on the clinical picture of infected
dogs. Similarly von Brand ef al.* found that
ACTH and cortisone exerted no effect on

CONSIDERABLE work has been done
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parasitemia due to T. equiperdum infection
in rats. Wolf ¢t al.5, however, observed that
a latent T. wvickersae infection in Rhesus
monkeys was activated by cortisone. Find-
lay and Howard® noted that this hormone
increased the virulence of Plasmodium ber-
ghit and Toxoplasma infections in the mouse.
On the other hand, Galliard ef al.” reported
that cortisone did not accelerate the develop-
ment of T'. brucei, P. berghti and Toxoplasma
infections in the rat.

It is evident from the above that while
some data are available on the influence of
cortisone and ACTH on hemosporozoan in-
fections, there is a paucity of information re-
garding the effect of sex hormones on these
parasites. An attempt was, therefore, made
to study the influence of estradiol dipropio-
nate on the development of Trypanosoma
equiperdum in rats and mice.

Experimental procedure

Rats — Eighteen male rats (average
weight 80 g.) were used in this study. Of
these, 9 were injected intramuscularly with
estradiol dipropionate at the rate of 2:5 mg.
(in 0-5 cc. sterile sesame oil ) twice a week.
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The injections were spaced at intervals of
3 days. The control animals were injected
with 0-5 cc. of sterile sesame oil alone in a
similar manner.

Three days after the final injection, 0-2 cc.
of blood from a rat carrying heavy infection
of T. equiperdum was injected intraperi-
toneally into all the experimental rats. A
drop of blood was removed from the caudal
vein of both the control and estrogen-treated
animals and examined daily. The parasites
were counted by the method of Kolmer®.
The percentage mortality and survival time
were also noted.

Mice — Male mice of a pure strain im-
ported from Switzerland (average weight
31 g.) were used. The animals were divided
into two groups of 9 animals each. One
group was injected intramuscularly with
1-5 mg. estradiol dipropionate ( dissolved
in 0-2 cc. sterile sesame oil) twice a week.
The injections were given at an interval of
3 days. The control mice were injected
with the same volume of sesame oil. The
rest of the procedure followed was the same
as in the case of rats.

Results

Rats — The parasite counts in control and
estrogen treated rats are given in Table 1.
In 72 hr. one rat (N3) out of 9 controls
showed no infection and two ( N7 and N9)
succumbed to high parasitemia. In the
estrogen treated animals, on the other hand,
the course of parasitemia, in general, did not
reach a sufficiently high level to cause any
mortality although the figures for parasite
count appear somewhat elusive when reckon-
ed against those of the controls. A more
or less similar picture is presented in 96 hr.
In 120 hr., however, parasitemia attains the
peak in the control animals and 100 per cent
mortality is recorded. In contrast to this,
mortality is only 55 per cent in the estrogen
treated animals ( TABLE 2). No change in
mortality rate is observed in the latter group

during the next 24 hr. but in 168 hr. all of
them died. On an average the control
animals survive for 107 hr. after inoculation,
whereas the estrogen-treated animals survive
37 hr. longer ( TABLE 2).

Mice — The parasites appear in signi-
ficantly larger numbers in the peripheral
circulation of control mice in 72 hr. than in
the control animals (TABLE 1). In the
estrogen-treated mice, however, the para-
sitemia is much lower than in the control
animals. During the next 24 hr. the para-
sitemia rises in the control group and 77 per
cent mortality is recorded as against 44 per
cent in the controls. In 120 hr., mortality
is 100 per cent in both the groups. The
control mice survive on an average for 94 hr.
after inoculation, whereas the estrogen-treat-
ed animals survive for 111 hr. ( TABLE 2).

Discussion

The results in Tables 1 and 2 indicate that
pre-treatment with estradiol dipropionate

TABLE 1 — THE PROTOCOL OF ACTUAL PARASITE
COUNTS IN CONTROL AND ESTROGEN TREATED
ANIMALS AT DIFFERENT INTERVALS

PeriOoD

RaATts, No. OF PARASITES  MICE, NO. OF PARASITES
AFTER { 1000/cu. mm.) (1000/cu. mm.)
INOCULA- r A N — A —
TION Controls Treated Controls Treated
br.
((N1)* 75 (T1) 10 (C1) 634 }Ml) 28
(N2) 61 (T2) 18 (C2) 615 (M2) 83
(N3) No inf. (T3) 11 (C3) 196 (M3) 36
(N4) 23 T4) 22 (C4) 208 (M4) 34
72 < (N5) 122 (T5) 111 (Cb) 166 (Mb6) 38
(N6) 103 (T6) 137 (C6) 128 (M6) 58
(N?)} (T7) 89 (C7) 150 (M7) 25
(N8) 71 (T®) 87 (C8) 92 (M8) 80
(N9)t (TO) 147 (C9) 23 (M9)Noinf
(N1) 544 (T1) 13 (CDYt (M1)}
(N2) 401 (T2) 70 (C2)t (M2)t
.| (N3) 97 (T3) 120 (C3)t (M3)t
(N4) 196 (T4) 51 (C4)t (M4)t
96; < (N5) 409 (T5) 586 (C5H)t (M5) 400
(N6) 873 (I6) 590 (C6)t (M8) 300
(N7) (T7) 569 (C7T)t (M7) 412
(N8) 461 (T8) 479 (C8) 624 (M8) 486
L (N9)t (To) 484 (C9) 214 (M9 81

'Fi%‘xlre in parenthesis indicates the number of the animal.

ied.
tAfter 96 hr. only the survival time was recorded (see
TaBLE 2).

TABLE 2 — THE MORTALITY RATE AND SURVIVAL TIME IN CONTROL AND ESTROGEN-TREATED ANIMALS

PERIOD AFTER RaTts Mice
INOCULATION r A — A —
hr. Mortality Mean survival time Mortality Mean survival time
% hr. % hr.
“ Controls Treated = Controls Treated = ' Controls Treated = Controls Treated |
96 22 0 107 144 77 44 94 111
120 100 56 —_ —_ 100 100 —_ —
144 100 55 —_ —_— —_ — —_ —
168 100 100 — —_ - —_ — —
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inhibits the development of T. equiperdum
in rats and mice, thereby prolonging their
survival time.

The appearance of the parasites in the
peripheral circulation after inoculation is
significant. In mice the parasites are detect-
able in the blood in much larger numbers
than in the rats. This difference is ascrib-
able to the fact that rats are more resistant
to T. equiperdum infection than mice. The
rapid development of the parasites and the
shorter survival period in both the control
and the estrogen-treated mice provide
logical grounds for such an interpreta-
tion. :

A question may now be raised as to the
mechanism responsible for the lowered para-
sitemia in the hormone-treated animals.
Presumably, the drug acts on one or more
of the chemical constituéhts of the blood
which are utilized by the parasite for its
development. Unfortunately, any attempt
to postulate a mechanism based on the known
action of estrogen on blood constituents is
difficult, as the chemical factors necessary
for the development of trypanosomes are
still imperfectly understood®. However, it
has been demonstrated that estrogen causes
a rise in blood lipids and calcium!® and a
depletion of proteins!!-13, Possibly, similar
alterations in the level of these blood consti-
tuents due to estrogen pre-treatment proved

detrimental to the development of T. equi-
perdum in the species under report.
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Enzyme Inhibition Studies in Relation
to Drug Action: Part VI—Action
of Certain Antibacterial Agents on
the Succinic Oxidase System

K. L. ARORA & C. R. KRISHNA MURTI
Central Drug Research Institute, Lucknow

HE succinic oxidase system, encounter-
T ed practically in all tissues, is associat-
ed with certain vital functions in the
respiratory processes of the living cell and
has, therefore, been the subject of intensive
investigationl. The action of quinine? on
succinic oxidase was the first to be investi-
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gated. Subsequently, the effect of mepa-
crine® and several antimalarial naphtha-
quinones* has been studied. In view of
their specific action on essential sulphydryl
groups, the action of organic mercurials®
and arsenicals® has been investigated in some
detail. Many sulphanilamide derivatives’
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Action of penicillin G, dihydrostreptomycin,
chloramphenicol, oxytetracyclin ( terramycin ),
chlorotetracyclin ( aureomycin), neomycin,
isonicotinic acid hydrazide, promin, prom-
acetin, diamidin and para-aminosalicylic acid
has been studied on the succinic oxidase of
heart pulp. Oxytetracyclin has been shown to
irreversibly inhibit all the three catalytic com-
ponents of the system. Factors influencing
this action have been investigated.

have been shown to strongly inhibit the en-
zyme both % vitro and ¢n vivo. Crude peni-
cillin® and suramin® inactivated the succinic
dehydrogenase activity of tissues. Recently
chlorotetracyclin and oxytetracyclinl® have
been reported to inhibit the uptake of oxy-
gen by E. coli in presence of succinate.

The aerobic oxidation of succinate is
mediated through the cytochrome system,
and it is conceivable, therefore, that an.in-
hibitor to be effective must in some manner
interfere with the linked chain reactions. In
the observations reported so far on the in-
hibition of the succinic oxidase system, no
attempt appears to have been made to locate
the site of action of the inhibitor. For this
investigation, it would be necessary to study
the action of the inhibitors individually on
the three main constituents of the system,
viz. the succinic oxidase, cytochrome oxi-
dase and succinic dehydrogenase. This com-
munication describes such a study with six
commonly used antibiotics, two anti-tuber-
cular and three anti-leprosy drugs.

Experimental procedure

Enzyme — The heart pulp of pig, sheep
or ox and the breast muscle of pigeons
served as the source of enzyme. The tissues,
obtained fresh from the slaughter house,
were processed according to Keilin and
Hartree!! and preserved in the frozen state.
Fresh homogenates were prepared from
weighed quantities of the tissue by homo-
genization in a Waring blender in the cold
with phosphate buffer and straining the

TABLE 1 — YIELD OF CYTOCHROME FROM SHEEP
AND BUFFALO HEARTS

No. oF  Wr. oF FinaL  CoNCEN-
HEARTS  TISSUE  VOLUME  TRATION
MINCE OF PRE- moles/cc.
g PARATION
cc.
Sheep 15 670 30 1-8x107
Buffalo 2 - 1250 62 1-4x107

viscous fluid through muslin. Centrifuga-
tion even in the cold was found to bring
down the activity of the extract. Purifica-
tion of the enzyme according to Slater!?
gave products of low activity which could
not be restored to their original level by in-
cubation with thiol compounds or albumin.
In the present study both fresh homogenates
and purified preparations were employed.

Cytochrome was prepared from freshly
obtained bovine hearts according to the
method of Keilin and Hartree!®. The final
preparation was standardized in a Unicam
spectrophotometer according to Potterl4.
The iron content of the preparation was
0-348 per cent. The blood-red coloured
solution obtained in the final stages of pre-
paration was freeze dried.* In Table 1 are
given the results of two typical experiments.

Antibiotics and drugs — All the drugs used
were crystalline substances of the highest
purity obtained from their respective manu-
facturers.

Assay of enzyme activity — The mano-
metric methods used for the assay of the
enzyme system were according to Slater!2,
Ascorbate was used as the reductant in the
cytochrome oxidase assay with all drugs
excepting oxytetracyclin which catalyses
the auto-oxidation of ascorbic acid. Hydro-
quinone'* was, therefore, used as the reducing
agent in this case.

Results

The action of the drugs on the succinic
oxidase system of pigeon breast homogenate
was studied under identical conditions.

Succinic oxidase — Each flask ( Warburg )
contained 1 cc. of 0-18M phosphate buffer
(pH 7-2), 1 cc. water or 1 mg. of drug dis-
persed in water and 0-5 cc. of 20 per cent
homogenate of pigeon breast pulp in 0-02M
phosphate buffer (pH 7-2). The centre
cup contained 0-2 cc. of 10 per cent KOH
and filter paper. 0-2 cc. of 0-4M succinate
and 02 cc. of cytochrome (1-8 x 107
moles/cc.) were kept in the side arm. After
equilibration and incubation at 39°C. for
30 min., the succinate-cytochrome mixture
was tipped in and readings taken every
10 min. for 1 hr.

Cytochrome oxidase — The contents of the
main chamber were the same as in succinic

*Freeze drying was carried out with the kind co-
operation of Dr. Govind Rau, Biological Products
Officer to the Government of Uttar Pradesh.
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oxidase assay. The side arm contained
0-8 cc. cytochrome (1-8 x 10-7 moles/cc.)
and 0-3 cc. ascorbate (50 mg./cc. prepared
fresh and neutralized prior to use) which
were added to the reactants after 30 min.
of pre-incubation. Oxygen uptake values
in presence of ascorbate, the enzyme and the
drugs read from control experiments were
subtracted from the respective experimental
values and represent cytochrome oxidase
activity. For the assay of cytochrome
oxidase in presence of oxytetracyclin, 0-3 cc.
of freshly prepared hydroquinone (50 mg./
cc.) replaced the ascorbate.

Succinic dehydrogenase — In addition to
the reagents listed in succinic oxidase assay,
the main chamber contained neutral cyanide
(0-1M, 0-3 cc.). Methylene blue (0-3 cc.
of 0-01M) and succinate ( 0-2 cc. of 0-4M)
were added from side bulb after 30 min. of
incubation. - The homogenate used was a
50 per cent extract of breast muscle pulp.

A set of typical results is presented in
Table 2. It would be seen that neomycin,
oxytetracyclin and isonicotinic acid hydra-
zide exhibited an inhibitory action, whereas
promin, promeacetin and diamidin showed
an accelerating action on the oxidase. Di-
hydrostreptomycin, neomycin and oxy-
tetracyclin had, however, an inhibitory
action on cytochrome oxidase. Only di-
hydrostreptomycin and oxytetracyclin- had
any significant depressing action on dehydro-
genase.

Figs. 1 and 2 represent the time activity
curves of pigeon breast enzyme and a puri-
fied pig heart preparation for the activity of

TABLE 2 — ACTION OF ANTIBIOTICS,
ANTI-TUBER! ND ANTI-LEPROSY
COMPOUNDS ON THE SUCCINIC OXIDASE SYSTEM

[ Values ( ge of 0 readings ) expr
up in 10 min.]

d in ul. of oxygen laken

SucciNIC CYTOCHROME OXIDASE SUCCINIC
OXIDASE DEHYDRO-

Ascorbate Hydro-  GENASE
quinone
Water 94-0 70-3 72:0 10-3
Chlorotetracyclin 93-0 720 - 9-7
Chloramphenicol 940 68-8 - 9-2
Dihydrostrepto- 95-0 61-38 — 72
mycin
Neomycin 77-0 59-7 —_ 9:0
Penicillin G 103-0 75-7 — 9-7
Oxytetracyclin 70-0 — b7-4 5-0
Isonicotinic acid 82-0 75-0 — 9:0
hydrazide
Para-aminosalicylic 104-0 7.2 —_ 105
aci
Diamidin 121-0 71-0 — 10-0
Promin 114:0 70-8 —_ 10-2
Promacetin 113-0 71-2 —_ 10-2
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F1G. 1 — EFFECT OF ISONICOTINIC ACID HYDRA-

ZIDE AND OXYTETRACYCLIN ON SUCCINIC OXIDASE

[( Pigeon breast homogenate) (1) control; (2) isonico-
tinic acid hydrazide; and (3) oxytetracyclin ]
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F1G. 2 — EFFECT OF ISONICOTINIC ACID HYDRAZIDE

AND OXYTETRACYCLIN ON SUCCINIC OXIDASE [( Pig

heart-purified preparation ) (1) control; (2) isonico-
tinic acid hydrazide; and (3) oxytetracyclin ]

oxidase under the influence of oxytetracyclin
and isonicotinic acid hydrazide. It would
be seen that the drugs inhibit the enzyme
activity progressively and that the degree
of inhibition with oxytetracyclin is more
pronounced with the purified enzyme pre-
paration. The time activity curves for
cytochrome oxidase in presence of the drug
are given in Fig. 3. Figs. 4 and 5 illustrate
the corresponding curves for the activity
of the succinic dehydrogenase as affected by
dihydrostreptomycin and oxytetracyclin.
Here again the purified preparation was
more sensitive to the action of the drug.
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Factors influencing the rate of inactivation
of oxidase by oxytetracyclin — The effect of
different concentrations of the drug (0-2-
1-0 mg.) was studied on a pig heart prepara-
tion. The main chamber of the flask
contained phosphate buffer (1 cc., 0-18M),
purified enzyme (pig heart, 0-2 cc.) and
water ( 1 cc.) containing different amounts of

2 501

- N
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OXYGEN, pl.
8
Nl

(8]
o
1

o 20 40
TIME, MIN.

Fic. 3 — EFFECT OF OXYTETRACYCLIN ON CYTO-
CHROME OXIDASE OF PIGEON BREAST MUSCLE HOMO-
GENATE [(1) Control; and (2) oxytetracyclin ]
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F1G. 4 — EFFECT OF DIHYDROSTREPTOMYCIN AND

OXYTETRACYCLIN ON SUCCINIC DEHYDROGENASE OF

PIGEON HOMOGENATE [ (1) Control; (2) DHS; and
(3) oxytetracyclin ]
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F16. 5 — EFFECT OF DHS AND OXYTETRACYCLIN ON

SUCCINIC DEHYDROGENASE OF PIG HEART ( PURIFIED

ENZYME ) [ (1) Control; (2) DHS; and (3) oxytetra-
cyclin ]

the drug. The side arm contained succinate
(02 cc., 0-4M) and cytochrome (02 cc.;
1-8 x 10-7 moles/cc.). Potassium hydroxide
solution ( 10 per cent, 0-2 cc.) was placed in
the centre cup with the filter paper. The
substrate cytochrome mixture was tipped
in after 30 min. of pre-incubation with en-
zyme and the drug.

It is evident from the results given in
Table 3 that there is a continuous rise in the
degree of inhibition with concentration of
the drug.

The influence of time of contact of the
drug with a pig heart oxidase preparation
was also studied. The constituents of the
flasks were as in experiments on the effect
of concentration of oxytetracyclin on succi-
nic oxidase ( TABLE 3). The oxytetracyclin
(1 mg.) and purified enzyme ( pig heart,
0-2 cc.) were used. After incubation, a mix-
ture of 0-2 cc. cytochrome and 02 cc. 0-4M
succinate was tipped in from the side arm.

TABLE 3 — EFFECT OF CONCENTRATION OF
OXYTETRACYCLIN ON SUCCINIC OXIDASE

( Values expressed in pl. of oxygen taken up )

TiME  WATER OXYTETRACYCLIN
min, mg.
: A =
0-2 0-4 0-6 09 1-0
20 52-0 46-8 89-6 40-6 380 27-0
40 99:0 950 79-2 742 72:0 550
60 151-2 188-8 118-8 116-2 112-0 86-2
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F1G. 6 — EFFECT OF SUBSTRATE CONCENTRATION ON

INHIBITION OF SUCCINIC OXIDASE BY OXYTETRA-

cycLiN [ (1) Control; (2) oxytetracyclin; S, subs-
trate; and A, activity ]

TABLE 4 — EFFECT OF TIME OF CONTACT OF
OXYTETRACYCLIN ON SUCCINIC OXIDASE
INHIBITION .

( Values expressed in pl. oxygen taken up in 60 min.)

TIME OF CONTACT BETWEEN ENZYME AND
INHIBITOR

min.
A
 oan o
0 30 60 120
Water 150-0 148-0 140-0 121-0
Oxytetracyclin 127-0 83-0 68-0 48-0

The results given in Table 4 indicate that
the degree of inhibition progresses with the
time of contact of the drug with the enzyme.
The action of the drug on the enzyme pre-
paration was studied with different con-
centrations of succinate (Fic. 6) and the
type of inhibition is non-competitive with
respect to the substrate.

Effect of increasing concentration of cyto-
chrome on the inactivation of succinic oxidase
by oxytetracyclin — In view of the fact that
the inhibitory effect of several reagents on
succinic oxidase is known to be counteracted
by excess of cytochrome, the inhibition of
the enzyme by oxytetracyclin was studied
in presence of increasing concentrations of
cytochrome. Each flask contained phos-
phate buffer (1 cc., 0-18M; pH 7-2), water
or oxytetracyclin (1 cc.) and purified en-
zyme preparation (0-2 cc.). The side bulb
contained succinate (02 cc. 0-4M) and
different amounts of cytochrome made up
to a volume of 1 ce. Potassium hydroxide
solution ( 10 per cent, 0-2 cc.) was placed in
the centre cup with filter paper.

It would be evident from the results given
in Table 5 that the latter, even in a concen-
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tration of 1-8 x 10-7 moles, does not abolish
or diminish the degree of inhibition by the
antibiotic.

Reversal of succinate inhibition by cysteine
and  glutathione — Thiol compounds are
known to protect the succinic dehydrogenase
from inactivation by several reagents!®:l7,
Attempts were, therefore, made to reverse
the inhibition of succinic oxidase system with
the aid of cysteine and glutathione. The
contents of the Warburg’s flasks were as in
experiments on the action of the drugs on
succinic oxidase system ( TABLE 2), except
that instead of 1 cc. of water or inhibitor
solution 0-5 cc. water and 0-5 cc. of inhibitor
and activator solution were added as desired,
so that there was no change in the effective
volume of the reactants. The inhibitor or
activator solutions used had a concentration
of 2 mg./cc. Oxygen uptake was measured
over a period of 60 min. at 10 min. intervals.

From the results reported in Table 6 it
would be seen that whereas glutathione pro-
vides a certain degree of protection to the
enzyme from the inactivating influence of
neomycin, isonicotinic acid hydrazide and
dihydrostreptomycin, it is ineffective in
arresting the inhibitory action of oxytetra-
cyclin. The behaviour of cysteine is similar

TABLE 5 — EFFECT OF DIFFERENT AMOUNTS OF
CYTOCHROME ON OXIDATION OF SUCCINATE

( Values expressed in pl. of oxygen taken up in 60 min.)

CYTOCHROME
cc.
{ . = 2l
0-0 01 0-2 0-3 0-6 1-0
Water 46:0 92-0 143-0 153-0 160-0 160-0
Oxytetracyclin 26-0 42-0 690 76-0 790 780

TABLE 6 — REVERSAL OF INHIBITION OF SUCCINIC
OXIDASE SYSTEM BY ANTIBIOTICS

( Values expressed in ul. of oxygen taken up in 10 min. )
\

WitHouT WitH With
ACTIVATOR CYSTEINE GLUTATHIONE

Succinic oxidase

Water 75-1 62-2 80-3

Oxytetracyclin 18-0 21-0 283

Isonicotinic acid 66-0 65-0 72-8

hydrazide

Neomycin 61:5 60-0 71-4
Cytochrome oxidase

Water 83-4 85-0 84-0

Oxytetracyclin 67-0 63-8 64-9

Dihydrostreptomycin ~ 70:5 79-3 82:6

Neomycin . 69-0 80-0 83:0
o dehydrog

Water ’ 12-0 12:0 12-2

Oxytetracyclin 6-7 6-4 71

Dihydrostreptomycin 96 12-7 13-4
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except in the case of succinic oxidase which
is inhibited to an extent by this reagent.

Discussion

Out of the eleven drugs studied only oxy-
tetracyclin and neomycin have shown any
significant depressing action on the succinic
oxidase system of the heart muscle. Of these
oxytetracyclin is the more potent. The in-
hibitory effect of this drug is manifest alike
on all the three enzyme systems, although
cytochrome oxidase is the least susceptible.
In view of the further observations that
excess of cytochrome has no neutralizing
action and that the thiol compounds fail
to afford protection to the enzyme system,
it would appear that oxytetracyclin blocks
essential groups other than sulphydryl.

Chlorotetracyclin, which is structurally
very similar to oxytetracyclin!?, has no action
whatsoever on the enzyme. Presumably
the absence of the chlorine atom and the
additional presence of a hydroxyl group in
the twelfth position jointly confer upon
oxytetracyclin the specific inhibitory action
on the succinic oxidase system. Both these
drugs have, however, been recently shown to
inhibit the respiration of E. coli' considerably
in the presence of succinate. A somewhat
similar kind of difference in the behaviour
of the two drugs has already been shown in
their action on alkaline phosphatase!® which
is stimulated by chlorotetracyclin and in-
hibited by the oxy-compound. Similarly,
while oxytetracyclin has a high catalytic
action on the auto-oxidation of ascorbic
acid?®, chlorotetracyclin does not possess any
such property.

Summary

1. The action of six antibiotics, two anti-
tubercular and three anti-leprosy compounds
has been studied #» vitro on the succinic
oxidase system of pig heart and pigeon
breast homogenates.

2. Oxytetracyclin, neomycin and isonico-
tinic acid hydrazide have inhibitory action
on succinic oxidase, cytochrome oxidase and
succinic dehydrogenase activities. Diamidin,
promin and promacetin have stimulatory
action on the oxidase only. Isonicotinic
acid hydrazide has inhibitory action only
on the oxidase. Dihydrostreptomycin in-
hibits both succinic dehydrogenase and
cytochrome oxidase -and has no action on
succinic oxidase.

3. The inhibitory effects of isonicotinic
acid hydrazide, neomycin and dihydrostrep-
tomycin are counteracted by cysteine or
glutathione which have no protective action
on the inhibition brought about by oxy-
tetracyclin.

4. The degree of inhibition of the oxidase
system by oxytetracyclin is dependent upon
the concentration of the drug and its time
of contact with the enzyme. The inhibition
is non-competitive with respect to substrate.
Excess cytochrome has no action on the
degree of inhibition by the antibiotic.
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Studies on Biotin: Part VI—Influence of
Biotin on the Inositol-r-hexachloro-
cyclohexane Relation in Aspergillus oryzae®

M. O. TTIRUNARAYANAN & P. S. SARMA
Biochemical Laboratory, University of Madras, Madras

Evidence is presented to indicate that the
gamma isomer of hexachlorocyclohexane
exerts a non-specific inhibitory action on
amylase and riboflavin synthesis in Aspergilius
oryzae, and the inhibitory effects are not over-
come by inositol. Biotin alone is able to
overcome the inhibitory effect to an appreciable
extent .and other vitamins of the B group
( except folic acid ) do not significantly affect
the metabolism of the fungus in the presence
of the inhibitor, Folic acid augments the
toxicity of the insecticide, and in the presence
of folic acid the insecticide inhibits the syn-
thesis of amylase and riboflavin to a greater
extent than in its absence. In the presence
of folic acid, however, biotin is not able to over-
come the inhibitory effect of the insecticide.

It is suggested that inositol is mainly res-
ponsible for the production both of amylase
and riboflavin, and the non-specific inhibitory
action of the insecticide is more due to an
incapacity on the part of the fungus to utilize
exogenous inositol,

work has been carried out on the

metabolite-anti-metabolite  relation-
ship between inositol and the insecticide,
.y-hexachlorocyclohexane, no conclusive proof
has been obtained to prove the existence or
otherwise of such a relationship. Kirk-
wood and Phillips! and Buston, Jacobs and
Goldstein? have shown that inositol is able
to overcome the growth inhibition by the in-
secticide in yeast and Nematospora gossypii
respectively. Chargaff ef al.® showed that
the insecticide inhibits the metaphase and
induces tumour formation in Allium cepa,
and this inhibition is overcome specifically
by meso-inositol, while d-sorbitol and d-ino-
sitol are inactive. However, D’Amatot
suggested that this effect of inositol in over-
coming the inhibitory effect of the insecti-

q LTHOUGH considerable amount of

cide in the onion root meristem may be due
more to an alteration in permeability, in
view of the fact that other sugars also
exerted a similar effect, rather than a specific
antagonism between inositol and +y-hexa-
chlorocyclohexane. Sarma’ established a
relation between these two compounds, and
showed for the first time that in the rice-moth
larva (Corcyra cephalonica St.) the insecti-
cide inhibits the growth of the larva and
that there is a considerable accumulation of
cholesterol in the tissues. These manifesta-
tions were apparently overcome when ino-
sitol was included in the diet of the larva.
While the above investigations served to
establish a relation between inositol and the
insecticide as metabolite and antagonist,
there have been reports doubting the exis-
tence of such a relation. Fromageot and
Confino®, Chaix? and Chaix, Lacroix and
Fromageot® have not been able to establish
any relation between these two compounds
in a variety of inositol-dependent and ino-
sitol-independent bacteria. Results of X-ray
studies have also not been convincing, and
it has been indicated that inositol and y-
hexachlorocyclohexane do not possess iso-
morphous crystalline structures?,!%. Recently
Fuller et al.l!, using a wild strain and an
‘ inositolless "’ mutant of Neurospora crassa,
indicated that y-hexachlorocyclohexane pro-
duces two types of inhibitions, one affecting
inositol metabolism, and another, which
they were not able to account for. The first
type of inhibition, affecting the metabolism
of inositol, was shown to be reversed by
inositol specifically in the mutant strain,
while there was no such demonstrable rela-
tionship in the wild type. Recently we have
shown!? that y-hexachlorocyclohexane speci-
fically affects inositol metabolism in the same

*The work reported here forms part of the thesis submitted to the University of Madras for the degree

of Master of Science by one of us (M.O.T.).
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organisms, and that it may not produce two
types of inhibitions as postulated by Fuller
et al. It was also shown for the first time
that biotin influences the relation between
the two compounds to an appreciable extent
in Neurospora crassa, and that it is in some
manner involved in the biosynthesis -and
utilization of inositol in the mold.

It was shown by Ramachandran and
Sarmal® that y-hexachlorocyclohexane in-
hibits the synthesis of «-amylase by pigeon
pancreas in vitro. Based on these observa-
tions, experiments have been carried out
with a strain of Aspergillus oryzae to study
in greater detail the different aspects of in-
hibition caused by y-hexachlorocyclohexane
and the results are reported in this paper.

Experimental procedure

The organism Aspergillus oryzae (N.C.T.C.
536 ) obtained from the National Collection
of Type Cultures, National Chemical Labora-
tory, Poona, was carried by monthly sub-
cultures on malt-agar. The organism was
grown on a modified Czapek-Dox medium
containing d-glucose, 20 g.; potassium mono-
hydrogen phosphate, 1 g.; sodium nitrate,
3 g.; potassium chloride, 1 g.; magnesium
sulphate, 0-5 g.; trace elements (molyb-
denum ), 0-04 mg.; iron, 0-4 mg.; copper, 0-2
mg. ; manganese, 0-04 mg.; boron, 0-02 mg.;
and zinc, 4-0 mg. per litre. The pH of the
media was adjusted to 5-0, dispensed in
50 cc. lots in 250 cc. Erlenmeyer flasks, and
sterilized at 15 lb. for 17 min. They were
then inoculated with a drop of a spore sus-
pension obtained by suspending in 10 cc.
washed spores from a 7 day old slant of the
medium. The flasks were incubated for 10
days at room temperature. A 99 per cent
pure vy-hexachlorocyclohexane was made up
in ethanol and added before sterilization.
The mycelia were washed over sintered glass
funnel (the washings added to the culture
filtrate for riboflavin estimations ), pressed
between folds of filter paper and dried to
constant weight.

All experiments involving the determina-
tion of riboflavin were carried out in subdued
light. Total riboflavin, both in the culture
medium and the mycelium, was determined
fluorimetrically according to the procedure of
Scott, Hill, Norris and Heuser!¥, The pro-
cedure involved hydrolysis under pressure
with 0-IN hydrochloric acid, the proteins
precipitated with sodium phosphate, treated

with permanganate in acid pH followed by
hydrogen peroxide, and made up to a con-
venient volume. Aliquots from this were
taken to estimate riboflavin fluorimetrically
and the difference in fluorescence with and
without added hydrosulphite was taken as
being due to riboflavin.

For the determination of amylase activity
of the mycelium the following procedure was
adopted. The mycelia at the close of the
incubation period were separately ground in a
Waring blendor using glass distilled water
cooled to below 5°C. An aliquot of this was
taken for determination of total solids and
the remaining used for enzyme assay. Amy-
lase activity was determined as indicated
by Somogyi'® by -incubating starch solution
with the enzyme preparation and measuring
the reducing sugar formed at the end of a
specified period. The pH of the reaction
mixture was 5-6, and 0-2M phosphate buffer
was used. The amylase activities are re-
presented in terms of * amylase units ”, i.e.
the number in milligrams of reducing sugar
(glucose equivalent ) formed by 1 g. of the
mycelium from starch solution at 37°C. in
60 min. at pH 5-6.

Results and discussion

Table 1 indicates the inhibitory effect of
the y-hexachlorocyclohexane on the amy-
lase and riboflavin synthesis by A. oryzae.
Table 2 shows the influence of the B complex
vitamins individually on the inhibition pro-
duced by the insecticide. The effect of
combinations of inositol, biotin and folic
acid on the inhibition produced by the
insecticide is indicated in Table 3.

Although the metabolic functions of
inositol are not yet clearly known, the
amount of the vitamin occurring in pancrea-
tic amylase, as determined by Williams,
Schlenk and Eppright?$, is such as to suggest
that it may function as an integral part
of the enzyme. The findings of Lane and

TABLE 1 — INFLUENCE OF y-HEXACHLOROCYCLO-
HEXANE ON GROWTH, AMYLASE AND RIBOFLAVIN
SYNTHESIS BY 4. ORYZAE

y-HEXACHLORO- Wr. oF AMYLASE RIBOFLAVIN
CYCLOHEXANE MAT UNITS ng./g.
Hg./cc. mg.
0 235-0 2300 24:6
20 243:0 1730 16-6
40 217-6 1740 14-3
60 200-0 1500 14-6
80 194-2 1090 15-0
100 203-0 1105 15-2
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TABLE 2 — INFLUENCE OF B-COMPLEX VITAMINS
ON y-HEXACHLOROCYCLOHEXANE INHIBITION IN

A. ORYZAE
VITAMIN SUPPLEMENT Wrt. OF AMYLASE RIBOFLAVIN
1g./50 cc. MAT UNITS He./g.
( values in parenthesis ) mg.
Basal medium ( BM) 222-4 2120 22-5
BM + y-hexachlorocyclohexane 201-6 1580 16-9
(G) (2000)
BM + G + inositol ( 1000 ) 214-0 1590 16-8
BM + G + biotin (2) : 98-0 2040 20-5
BM + G + choline 900) 199-6 1560 17-2
BM + G + pABA (100) 205-8 1575 17-0
BM + G + folic acid (10) 212-0 1180 14-5
BM + G + thiamin (100) 2076 1600 17-0
BM + G + niacin (100) 2100 1585 16-9
BI\(( +)G + Ca pantothenate 200-4 1560 17-1
100,

TABLE 3 — EFFECT OF SUPPLEMENTING
INDIVIDUALLY AND IN COMBINATION INOSITOL,
BIOTIN AND FOLIC ACID ON y-HEXACHLOROCYCLO-

HEXANE INHIBITION IN 4. ORYZAE

Exer. Brotin INo-  Foric Mar AmyLAse  Riso-

No. 2y sitoL  AcID WT. UNITS FLAVIN
1mg. 10y ne.lg.

1* - - - 226-4 2460 235
2 - - - 214-2 1720 18-9
3 + — - 212-8 2150 20-8
4 - + — 208-6 1700 18-5
5 - - + 200:0 1460 16-7
6 + + - 2078 2080 20-2
7 + - + 202-0 1480 16-2
8 - + + 205-2 1455 16-5
9 + + + 208-0 1500 17-0

*Control, without added inhibitor; the rest had 40 pg./cc.
of y-hexachlorocyclohexane.

Williams?? that the inhibition by lindane of
pancreatic a-amylase was competitively over-
come by inositol lend support to this view.
On the other hand, Fisher and Bernfield®
showed that crystalline pancreatic a-amylase
and crystalline malt a-amylase are neither
inhibited by <y-hexachlorocyclohexane nor
activated by inositol. It has been shown
further that A. oryzae synthesizes only the
a-type amylase which converts starch to
glucose and iso-maltose!®. We have been
able to find that the insecticide inhibits the
production of amylase in this organism
(TABLE 1), and that exogenous inositol is
not able to overcome this inhibition. But,
as may be observed from the results in
Table 2, biotin is able to reverse this in-
hibition. In an earlier communication!? we
have shown that in Newrospora crassa also
this insecticide affects only inositol meta-
bolism, and that biotin is concerned in the
synthesis and utilization of inositol.

The insecticide also inhibits the synthesis
of riboflavin in the organism. As in the case
of amylase, the inhibition of riboflavin
synthesis by the insecticide is overcome by
biotin and not by inositol. It has been
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shown® that in Eremothecium ashbyii, ribo-
flavin production is largely influenced by
inositol alone, and that the addition of
biotin or thiamine to the basal medium
containing inositol did not in any way
increase the riboflavin level over that ob-
tained by inositol alone in the medium.
Since the insecticide inhibits riboflavin pro-
duction, it is very likely that it affects only
the metabolism of inositol in A. oryzae.

Relationship between folic acid and biotin —
In a previous communication from this
laboratory®!, it was indicated that while
biotin is able to overcome the inhibitory
effects of the insecticide in A. orvzae, folic
acid augments its toxicity. It has now been
found that biotin is unable to overcome the
inhibition in the presence of folic acid
(TaBLE 3). The relationship between folic
acid and biotin is rather peculiar. Hitherto
there have not been many instances of bio-
logical antagonism between metabolites,
although that of lysine and arginine in
Neurosporamay serveas a classical example??,
There is yet another instance of biological
antagonism between folic acid and biotin,
Sreenivasan® reported that while folic acid
and vitamin B,, augmented the synthesis of
nucleic acids in Lacfobacilli, biotin exerted a
depressing effect. Further study is needed
to reveal the exact relationship between
folic acid and biotin.

In conclusion it may be mentioned that
A. oryzae behaves in essentially the same
way as the wild strain of Neurospora crassa
in that y-hexachlorocyclohexane exerts only
a non-specific inhibitory action and inositol
is not able to overcome the inhibition even
to a slight extent. On the other hand,
biotin is the only vitamin that is able to
overcome the inhibition in both the orga-
nisms. It is this non-specific inhibition
that has given rise to much confusion regard-
ing the existence of a metabolite-anti-meta-
bolite relationship between inositol and
v-hexachlorocyclohexane. This in turn is
largely dependent upon the genetic make-up
or capacity of the cell to utilize externally
added inositol. Non-specific inhibition by
the insecticide occurs only where the orga-
nism is unable to make use of externally
added metabolite, and it should doubtless
be possible to establish a relationship
between inositol and +y-hexachlorocyclo-
hexane in all those organisms which have a
natural capacity to utilize exogenous inositol
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or which have been rendered inositolless by
mutation.

Summary

1. Evidence is presented to indicate that
y-hexachlorocyclohexane inhibits the pro-
duction of both amylase and riboflavin in
Aspergillus oryzae.

2. The inhibition is non-specific as it is
not overcome by inositol.

3. Biotin alone, among the B group of
vitamins, is able to overcome the inhibitory
effects of y-hexachlorocyclohexane to an
appreciable extent.

4. Other vitamins of the B group, except-
ing folic acid, do not significantly affect the
metabolism of the fungus in the presence of
the inhibitor.

5. Folic acid augments the toxicity of the
inhibitor and its presence results in greater
inhibition of amylase and riboflavin syn-
thesis.

6. Biotin is not able to overcome the
inhibitory effects in the presence of folic acid,
and a combination of inositol, folic acid and
biotin has little effect on the inhibition caused
by y-hexachlorocyclohexane.

7. It is suggested that it would be possible
to demonstrate a relationship between ino-
sitol and the gamma isomer of the inhibitor
only in those organisms which have a natural
capacity to utilize exogenous inositol or
which have been rendered * inositolless ”’ by
mutation.
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Enzymes of Ragi (Eleusine
coracana) & Ragi Malt: Part I1I —
Pyro & Glycerophosphatases

M. R. CHANDRASEKHARA & M. SWAMINATHAN
Central Food Technological Research Institute, Mysore

The nature and properties of glycero and
pyrophosphatases of ragi ( Eleusine coracana )
and its malt have been investigated. The
resting grain possesses only slight phosphatase
activity. Germination of the grain leads to a
pronounced increase in the activity of both
pyro and . glycerophosphatases. Magnesium
and zinc ions do not affect the activity of the
two enzymes but fluoride ion strongly inhibits
their activity. :

HE nature and properties of phos-
T phatases present in resting and ger-

minating seeds have been investigated
by a number of workers'™. Leurs and
Malsch?® observed an increase in phosphatase
activity of barley during germination. Igna-
tieff and Wasteneys? studied the distribution
of phosphomonoesterases in wheat prior to
and during germination. Booth! has made a
detailed study of phosphatases of wheat.
Sarma and Giri* have reported that the
glycerophosphatases of rice, ragi and soya-
bean exist in two forms, i.e. bound and free.
They noted an increase in the enzyme activ-
ity during germination. The present study
was undertaken to investigate the activity
and properties of pyro and glycerophos-
phatases of ragi and its malt. A preliminary
account ‘of this work has been published
earlier®8,

Experimental procedure

Ragi malt was prepared according to the
procedure described in an earlier publication®.
The malt was dried at 40°-45°C. and used
for the determinations.

Enzyme extract — Several extraction media
were tried for the extraction of the enzymes
from the malt. M/5 acetate buffer (pH 5)
was found to be the best. The enzyme
extracts were prepared as follows:

Pyrophosphatase — Five grams of the pow-
dered malt or ragi were suspended in 100 cc.
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acetate buffer and shaken for 2 hr. This
was centrifuged and the supernatant was
used as the enzyme extract. Ten cc. of the
extract contained the enzymes from 0-5 g.
of the material.

Glycerophosphatase — Twenty grams of the
powdered malt or ragi were extracted with
100 cc. of acetate buffer, and further treat-
ment was the same as in the case of pyro-
phosphatase extraction. Ten cc. of the ex-
tract contained the enzyme from 2 g. of the
material,

Substrate for pyrophosphatase — Sodium
pyrophosphate ( 0-25 g.; A.R.) was dissolved
in 80 cc. of M/5 acetate buffer of pH 5-0.
The solution was adjusted to pH 5-0 by
adding N/5 acetic acid and finally made up
to 100 cc. by adding M/5 acetate buffer
(pH 50).

Substrate for glycerophosphatase — Sodium
glycerophosphate (0-25 g.; A.R.) was dis-
solved in 80 cc. of M/5 acetate buffer of pH
5:6. The mixture was adjusted to pH 5:6
by adding N/5 acetic acid and finally made
up to 100 cc. by adding M/5 acetate buffer
(pH 56).

The above solutions were used in all the
experiments except in those dealing with the
effect of pH on enzyme activity for which
0-25 per cent substrate solutions of different
pH values were prepared in buffer solutions.

Determination of pyro and glycerophos-
phatase activity — Sixteen cc. of the appro-
priate buffer substrate solution were brought
to 37°C. ( unless otherwise stated ). Two cc.
of the enzyme extract were then added and
the mixture incubated for 2 hr. at 37°C.
(unless otherwise stated). At the end of
2 hr., 6 cc. of 20 per cent trichloracetic acid
solution- were added. The solution was
filtered and an aliquot (suitably diluted
with 5 per cent trichloracetic acid solution,
if necessary ) was used for the determina-
tion of orthophosphate by the colorimetric
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method of Fiske and Subba Rao? using a
" Klett-Summerson photoelectric colorimeter.
The following blanks were run: (1) Deter-
mination of phosphorus present in the
digestion mixture at the beginning of incu-
bation; (2) incubating the substrate with
boiled enzyme extract under conditions of
experiment; (3) incubation of the enzyme
extract with buffer; and (4) incubation of the
buffered substrate. The sum of the blank
values of (3) and (4), being nearly the same
as (2), was adopted in all experiments.

Results -

Choice of extraction medium — Sarma and
Giri* found that about 60 per cent of the
glycerophosphatase in resting ragi was in a
bound form and could not be extracted with
water at 0°C. while all the enzyme was
released when the grain was germinated for
72 hr. Booth! extracted the phosphatases
of wheat with water at 20°C. for 16-20 hr.
and reported that only a part of the total
enzyme was extracted by water. In the
present study the enzymes were extracted
from the powdered material with different
extractants for 2 hr. at room temperature
(28°-30°C.). The activity of the extracts

was compared with that of the whole powder. -

The results are given in Table 1.

It will be seen from the results given in
Table 1 that (1 M/5 acetate buffer and 1
per cent sodium chloride solution are more
efficient than water in extracting the en-
zymes; (2) almost all the enzymes present
in ragi malt are extracted by both M/5
acetate buffer (pH 5-0) and by 1 per cent
sodium chloride solution and only 60-80
per cent by water, (3) about 80-90 per
cent of the enzyme present in resting
ragi is extracted by M/5 acetate buffer and

TABLE 1— EXTRACTION OF PYRO AND GLYCERO-
PHOSPHATASES OF RAGI AND RAGI MALT

( Enzyme activity expressed in mg. of P nlmsed/g of powdered
grain or malt; reaction time, 2 hr.; temp., 37°C.)
EXTRACTANT GLYCEROPHOS-
PHATASE
ACTIVITY
mg. P released/g.

PYROPHOSPHATASE
ACTIVITY
mg. P released/g.

A

'Resting Ragi‘ rlvlesting Ragi A

grain malt grain malt

Water 1-49 16-1 0-30 1-54
19% NaCl solution 3-47 20-8 0-52 1-97
M/5 acetate buffer (pH 2-98 19-1 0-36 1-88
Control ( whole powder 8:57 21-7 0-61 . 2:51

added to substrate )
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PH

Fic. 1 ——-PH VS. ACTIVITY OF PYRO AND GLYCERO-
PHOSPHATASES OF RAGI

TABLE 2 — EFFECT OF TEMPERATURE ON THE
ACTIVITY OF PYRg AII:XGGIL&CE¥OPHOSPHATASES

( Enzyme activity exprmsed in mg. of P releasedfg. of powdered
grain or malt; pH, 5-0; reaction time, 2 hr.)

EnzvyME MG. P RELEASED/G. MALT
“soc.  81°C.  45°C.  55°C.

13-74 16-88 18:74 16-30
1-50 1-80 2-32 2:28

Pyrophosphatase
Glycerophosphatase

90-95 per cent by 1 per cent sodium
chloride solution and only 40-50 per cent
by water.

Optimum pH  for pyro and glycerophas-
phatases — The optimum pH for the enzymes
was determined using M/5 acetate buffer for
the pH range 3-8-5-6 and Michaelis veronal-
acetate buffer for the range 6-5-8-5. The
results are shown in Fig. 1. It is evident
from Fig. 1 that the optimum pH is 5-0 for
pyrophosphatase and 56 for glycerophos-
phatase.

Effect of temperature on enzyme activity —
The activities of pyro and glycerophos-
phatases at different temperatures ranging
from 27° to 55°C. were determined. The
results are given in Table 2. The results
indicate that the optimum temperature for
the activity of both the enzymes is ¢. 45°C.

Critical inactivation temperature — The cri-
tical inactivation temperature was deter-
mined for the two enzymes by maintaining
the extracts at various temperatures for 1 hr.
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TABLE 3 — EFFECT OF VARYING ENZME
CONCENTRATION

( Enzyme activity expressed in mg. of P released[g. tg powdered
grain or malt; reaction time, 2 hr.; temp., 37°C.)

ENzYME PyROPHOS- GLYCEROPHOS-
EXTRACT PHATASE PHATASE
cc. ACTIVITY ACTIVITY
2 858 1-37
4 13-44 2-18
8 15-86 3-24
18 22-10 5-20
20 23-30 6-18

After treatment, the extracts were rapidly"

cooled to 37°C. and the enzyme activity
determined. The results are shown in Fig. 2.
The critical inactivation temperature for
both pyro and glycerophosphatases is c.
57°C.

Effect of varying enzyme concentration —
The results given in Table 3 show that the
orthophosphate released by the increased
concentrations of the enzyme inhibits the
activity of the enzyme.

Effect of varying substrate concentration —
In Fig. 3 are presented the results obtained
by varying substrate concentration. From
the data the Michaelis-Menton constant Km

25 *

20

15

PHOSPHORUS RELEASED, mg.
PHOSPHORUS RELEASED, mg.

10 20 30 40 50 60
TEMP., °C.

F1G. 2 — INACTIVATION OF PYRO AND GLYCERO-
PHOSPHATASES BY HEAT
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40

o
o

Released , mg.

" Phosphorus Released, mg.
3 3

Phosphorus

1 1

1 2
~L0g.[5]

ok
IS

Fi16. 3 — EFFECT OF VARYING SUBSTRATE CONCEN-
TRATE ON PYRO AND GLYCEROPHOSPHATASE ACTIVITY

TABLE 4 — EFFECT OF Mg+, Znt+ and F— NO
THE ACTIVITIES OF PYRO AND GLYCEROPHOS-
PHATASES OF RAGI MALT

( Ensyme activity expressed in mg. of P released|g. of powdered
grain or mait)

SALTS USED MoL. coN- PyRropHOs- GLYCERO-
CENTRATION PHATASE PHOSPHATASE
OF ION IN  ACTIVITY ACTIVITY
REACTION
MIXTURE
Nil nil 16-08 1-54
Zinc sulphate 5x 104 18-88 1-34
Magnesium sulphate 1x10-¢ 15:60 1-54
Sodium fluoride 1x10- 5:20 0:32

has been calculated, using the following
equation:
([E}{ES]) [S]
[ES]

where [E] and [ES] are the concentrations of
the enzyme and enzyme-substrate complex
respectively.

When the velocity of reaction is half the
maximum

Km=

[ES] = [—gl and Kin=/5]

The value of Km has been found to be
16:6x 10-3M for glycerophosphatase and
26-92 x 10-3M for pyrophosphatase.

Activation and inhibition of the enzyme
activity — Booth! reported that the activity
of phosphatases of wheat was not affected
by Mg ions and was slightly inhibited by F
ions. The effect of Zn++, Mg*+ and F~ ions
on the activity of glycero and pyrophos-
phatases of ragi malt was, therefore, stu-
died. The enzyme extract was dialysed in a
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TABLE 5 — INHIBITION OF PYRO AND GLYCEROPHOSPHATASE ACTIVITY BY FLUORIDE ION

( Enzyme activity expressed in mg. of P released|g. of powdered grain or malt)

CONC;NTRAT]ON OF PYROPHOSPHATASE GLYCEROPHOSPHATASE
'~ ADDED — A o A
(M) Enzyme Activity Kg*/K, Enzyme Activity K 'K,
as % of original as % of original
0 ( control ) 3-53 —  K,=4:201x10"¢ 3-87 — K,=8-405x 10"
1.0x10+ 272 7 0786 1-90 51 052
2510 2-40 70 0-676 125 26 0-34
7-5x10 1-81 51 0-498 0-88 23 0-24
*Kp is velocity coefficient for the fluoride inhibited reaction.

Webcell dialyser for 8 hr. against tap water 24 L
and for 2 hr. against distilled water and the ¢ ,, : oE
. E 3 Smplt 20
dialysed extract was used for this study. o H
The results are given in Table 4. g sawpe 116 5

It is evident from the results given in 3 o
Table 4 that Zn+ +and Mg+t + donot affect the 2
activity of the two enzymes to any appre- 3 8 o8 5
ciable extent; on the other hand F- inhibited & 7 04 8
the activity of the two enzymes considerably. £ £
The effect of different concentrations of fluo- 3 i3 2 % 70

ride ions on the activity of the enzymes
was further studied. The concentrations of
the enzymes used in the experiment were so
adjusted that the amount of orthophosphate
released by pyro and glycerophosphatases
was nearly the same. From the data ob-
tained, the velocity of the reaction, K, was
calculated (assuming the reaction to be of
the first order) by the formula

K=2—':10—310g 2

a—x

where a is the initial concentration and
a—x the concentration at the end of the time
interval t.

The results are given in Table 5.

The results given in Table 5 show that
fluoride ion inhibits glycerophosphatase to a
greater extent than pyrophosphatase and the
enzyme activity is progressively inhibited by
increasing the concentration of fluoride ion.

Effect of period of germination on the gly-
cero and pyrophosphatase activities — The
effect of germinating ragi for different periods
on the pyro and glycerophosphatase activ-
ity was investigated. The results are given
in Fig. 4. The activities of pyro and glycero-
phosphatases were found to increase in the
grain with the progress of germination.

It is evident from the results obtained
in the present investigation that the phos-
phatases of ragi and its malt have properties
similar to those of the phosphatases found
in wheat!2. The optimum temperature and

Period of germination, hr

Fic. 4 — EFFECT OF GERMINATION ON PYRO AND
GLYCEROPHOSPHATASE ACTIVITY

pH, and critical inactivation temperature
for the two enzymes are similar. The two
enzymes are not affected by Zn and Mg ions
but F ion inhibits considerably the activity
of both the enzymes; the glycerophosphatase
activity is inhibited to a greater extent.

Summary

1. The glycero and pyrophosphatase activ-
ities of ragi ( Eleusine coracana) have been
determined both before and after germination
of the grain. The resting grain possessed
slight phosphatase activity. Germination of
the grain led to a pronounced increase in
the activity of both pyro and glycerophos-
phatases.

2. The two enzymes can be extracted from
the powdered grain or malt by M/5 acetate
buffer (pH 5) or 1 per cent sodium chloride
solution. The optimum pH was 56 for
glycerophosphatase and 50 for pyrophos-
phatase.

3. The optimum temperature for the activ-
ity of both the enzymes was c. 45°C. The
critical inactivation temperature for both
the enzymes was ¢. 57°C.

4. Magnesium and zinc ions do not affect
the activity of the enzymes but fluoride ion
strongly inhibits their activity.
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of Added Vitamin A
in Groundnut Oils

B. R. ROY

Department of Applied Chemistry, University College of Science &
Technology, Calcutta

The stability of vitamin A acetate in crude
and refined groundnut oils and in blended
and straight-hardened hydrogenated ground-
nut oils has been studied. Straight-hardened
groundnut oil retains the maximum amount
of vitamin A both at 37-5° and 60°C., refined
oil retaining the least. Ethyl gallate affords
a small but significant degree of protection to
vitamin A acetate in all the samples. Vitamin
A acetate promotes instability of the oils
which, however, is counteracted to some
extent by ethyl gallate. Rancidity (smell)
is, however, not appreciably promoted by
vitamin A acetate.

Both crude and hydrogenated sesame oil
stabilize vitamin A added to hydrogenated
groundnut oil. With refined sesame oil the
stability of vitamin A is less. The addition
of ethyl gallate is beneficial in all the cases.

Vitamin A acetate in hydrogenated ground-
nut oil, subjected to ordinary heating and
cooking, is protected to some extent by ethyl
gallate.

ORTIFICATION of various foods and
F food products with vitamin A is now

accepted as an important step in en-
hancing their nutritive value. Some work
has been done on vitamin A enrichment of
margarine! and edible oils®8. In all these
investigations, the source of vitamin A was
marine fish oil concentrates. The fishy
odour of these concentrates is often a draw-
back in their large-scale use in edible oils
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and fats. Synthetic vitamin A, which pro-
mises to be available in bulk quantities in
the near future, is free from this objection-
able odour, and its use for fortifying edible
oils and fats in place of fish oil concentrates
deserves attention. The stability of vitamin
A acetate in crude and refined groundnut
oils and in blended and straight-hardened
hydrogenated groundnut oils under different

.conditions has been investigated and the

results of these investigations are reported
in this paper.

Materials and methods

Crude, refined and hydrogenated (m.p.
37°C.) groundnut oils and blended (1 part
hydrogenated, m.p. 55°C., and 5 parts re-
fined oil were mixed to give a m.p. of 37°C.
to the product) hydrogenated groundnut
oil were employed in these studies. The
characteristics of the oils are recorded in
Table 1. Samples (100 g. each) of the oil

TABLE 1 — CHARACTERISTICS OF THE OILS

GROUNDNUT Peroxipe  Acip Sar. Iop.
oIL VAL. VAL, VAL. VAL.
cc. N/500
THIOSUL-
PHATE/G.
Crude 2:4 2-02 1930 91-35
Refined 4-0 0-82 1955 91-94
Straight-hardened 01 0-21 185-4 61-46
lended 2-9 0-30 189-6 76-25
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were stored in loosely covered 1 Ib. new tin

cans after adding vitamin A acetate at two.

different levels (30 and 100 1.U./g.). One
I1.U. of vitamin A was taken to be equivalent
to 0-34 y of crystalline vitamin A acetate
( Hoffman-La Roche). The cans were
stored at 37-5° and 60°C.; the latter tem-
perature was employed to accelerate the
deterioration of vitamin A. Samples con-
taining 0-005 per cent ethyl gallate as
antioxidant were similarly stored. Liquid
paraffin ( Merck) was chosen as the inert
vehicle for vitamin A. The peroxide value
(cc. of N/500 thiosulphate/g. oil ) was deter-
mined at different intervals. The acid,
saponification and iodine values of the
samples were determined according to the
method recommended by the American Oil
Chemists’ Society?. The vitamin A content
of the samples was measured by the ultra-
violet absorption method. A Lumetron
photoelectric colorimeter with a filter com-
bination, supplied by the Photovolt Cor-
poration, New York, and which isolates the
specific absorption band of vitamin A, was
employed. This procedure gives reliable
values which are comparable to the values
obtained with the Beckmann spectrophoto-
meter ( TABLE 2).

Results and discussion

The results of stability tests are recorded
in Table 3. The results show that straight-
hardened hydrogenated groundnut oil re-
tains the maximum amount of vitamin A
acetate both at 37-5° and 60°C. while the
refined oil retains the least amount. The
retention of vitamin A acetate is slightly
better in ctude oil than in blended hydro-
genated oil. Ethyl gallate affords signi-
ficant protection to vitamin A acetate in all
the samples, though the degree of protection
is small.

Vitamin A acetate promotes the in-
stability of the oils which, however, is

TABLE 2 — ESTIMATION OF VITAMIN A WITH
LUMETRON PHOTOELECTRIC COLORIMETER AND
BECKMANN SPECTROPHOTOMETER

SoLx. UG. VITAMIN A ACETATE/CC.

" Lumetron Beckmann K
photoelectric spectrophotometer
colorimeter

1 0-40 0-38
2 0-47 0-45
3 0-60 055
4 1-40 1-36
5 2:40- 2:33

TABLE 3 — STABILITY OF VITAMIN A ACETATE IN DIFFERENT MEDIA WITH AND WITHOUT ETHYL GALLATE
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val
100
100
30
30
100
100
30
30
100
100 80
30
30
100 60
100
30
30
100
100
30
30

St.-hardened oil+E.G.

St.-hardened oil
St.-hardened oil+E.G.

Blended oil
Liquid paraffin+E.G.

Blended oil+E.G.
Blended oil+E.G.
Liquid paraffin
Liquid paraffin
Liquid paraffin+E.G.

Refined o0il+E.G.
Blended oil

Crude 0il+E.G.
Refined oil +E.G.
Refined oil
St.-hardened oil

Crude oil
Crude 0il+E.G.

Crude oil
Refined oil

E.G., ethyl gallate; F, oil had the aroma of fresh oil; V.S., very slight rancidity; S, slight rancidity; R, appreciable rancidity.

*The oils at the start of experiment had the aroma of fresh oil.
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counteracted to an appreciable extent by
ethyl gallate. Rancidity (as detected by
smell ) is, however, not promoted appre-
ciably by vitamin A acetate. Vitamin A
being an easily oxidizable compound might
have been expected to prevent the oxidation
of fat thus acting as an antioxidant, but
divergent opinions are held by different
workers. Herisset!! is of the opinion that
vitamin A is anti-oxygenic, but Chevallier!?
observed that it is slightly pro-oxygenic.
Monaghan and Schmitt!® reported that
vitamin A in small concentrations complete-
ly inhibited the oxygen uptake by linoleic
acid and this inhibition wore off when vita-
min A was destroyed by oxidation. In the
present case, vitamin A appears to act in a
pro-oxygenic manner thereby promoting the
instability of oil and vanaspati.

Effect of adding sesame oil to hydrogenated
groundnut oil on the stability of added vitamin
A acetate — 1t is compulsory to add sesame
oil to vanaspati before it is marketed. It
was, therefore, of interest to examine the
effect of adding sesame oil ( crude, refined
and hydrogenated ) on the stability of added
vitamin A in vanaspati.

To all the samples of oils, vitamin A at
a level of 30 I.U./g. was added and the
samples stored as before. Similarly samples
containing ethyl gallate (0-01 per cent)
were also prepared and stored. The charac-

TABLE 4 — CHARACTERISTICS OF THE SESAME OIL
SAMPLES

OIL SAMPLE Iop. PEROXIDE  AcID Sap.
VAL, VAL. VAL. VAL.

Crude sesame oil 111-8 1-7 2-70 1905
Refined sesame oil 104-3 3-7 0-27 188-1
Hydrogenated 84:7 00 0-23 187-0

sesame oil,

m.p. 37°C.
Hydrogenated 66-6 00 0-27 192-0

groundnut oil,

m.p. 37°C.

TABLE 6 — EFFECT OF HEATING ENRICHED
VANASPATI WITH AND WITHOUT ETHYL GALLATE

( Vitamin A, 30 1.U.[g.)

Hearing  TeMP. ViTaMiN A Loss
TIME °C. AFTER HEATING %
min. (LU./g)
~ R N — A ~
Without With Without With
ethyl ethyl ethyl ethyl
gallate gallate gallate gallate
2 110 28 30 6:7 0-0
5 110 20 28 33-3 6-7
2 150 20 27 33-3 10-0
5 150 15 21 50-0 300
2 200 17 24 42:3 20-0
5 200 10 14 66-7 52:3
2 250 9 15 70-0 50-0
5 250 0 9 1000 700

teristics of the oil samples before storage
are given in Table 4. The stored samples
were analysed at intervals and the results
of analysis are given in Table 5.

It is clear from the results in Table 5 that
addition of crude and hydrogenated sesame
oil to vanaspati stabilizes vitamin A present
to the same extent. Refined oil retains a
lesser amount of vitamin than crude or
hydrogenated oil. It appears that the
natural antioxidants in crude oil and satura-
tion of some of the double bonds in hydro-
genated oil are responsible for greater stabi-
lity of vitamin A in their presence. As ob-
served earlier, vitamin A tends to increase the
peroxide value of the oils which is counter-
acted to some extent by ethyl gallate.

Stability of vitamin A acetate in vanaspati
during heating and cooking — Hydrogenated
groundnut oil (m.p. 37°C., 100 g.) contain-
ing 30 L.U. of vitamin A acetate and with
and without ethyl gallate (0-01 per cent)
was heated ( without stirring but with gentle
shaking ) in an open pyrex beaker in an oil
bath at different temperatures and for
different periods. Samples were withdrawn
at intervals, cooled rapidly and analysed for

TABLE 5 — STABILITY OF VITAMIN A IN VANASPATI SAMPLES CONTAINING SESAME OIL WITH AND
WITHOUT ETHYL GALLATE

( Storage temp., 37°C.)

ADDITIVE PEROXIDE VAL. AFTER VITAMIN A IN VANASPATI AFTER RaNciDITY
weeks weeks IN
~ A — — A —  VANASPATI
0 2 4 6 10 12 14 0 2 4 6 10 12 14 AFTER
14 WEEKS
Crude oil 01 01 03 10 17 25 31 30 26 . 20 17 15 13 12 nil
Crude oil +ethyl gallate 0-1 01 02 03 1.0 1-7 2:5 30 26 22 18 17 16 16 Slight
Refined oil 02 04 07 10 24 28 42 30 22 15 11 8 8 7 do
Refined oil +ethyl gallate 0-:2 0:3 03 0-7 1-4 17 28 30 25 22 18 13 11 11 do
Hardened oil, m.p. 37° niil  nil 03 10 1-4 15 25 30 27 21 17 14 12 11 nil
Hardlianed oil4-ethyl pit nil @il 03 10 1-4.20 30 28 23 19 17 16 16 Slight
gallate
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TABLE 7 — VITAMIN A LOSS IN VANASPATI DURING COOKING
(80 1.U.[g. vitamin A )

ITEMS INITIAL  VITAMIN A INITIALLY  VITAMIN A IN FOOD VITAMIN A LEFT IN Loss
TEMP. PRESENT IN VANASPATI PREPARED THE OIL %
°C. -~ A — = A — - & T & —

Without With Without With Without With Without With

ethyl ethyl ethyl ethyl ethyl ethyl ethyl ethyl

gallate gallate gallate gallate gallate gallate gallate gallate

Luchi* 200 9000 9000 1360 1570 6910 7550 190 10'5

Haluwat 200 900 900 640 780 — — 29-0 13-3

Potato chipst 200 900 900 320 375 400 440 200 95

*Flour + water + oil (5:2:1) made into dough, 25 g. of which made into a sheet of 4 in. diam.
+Suji 30 g. + sugar 25 g. + oil 30 g. + water.
1Slices of area ¢. 1 8q. in. and thickness ¢, 1/16 in.; 30 g.

vitamin A. Cooking experiments were car-
ried out in a small iron pan.

It will be seen from Table 6 that longer
the duration of heating and higher the tem-
perature of heating, greater is the destruc-
tion of vitamin A in enriched vanaspati.
Ethyl gallate affords protection to vitamin
A both during ordinary heating and cooking
( TaBLE 7).

Summary

1. Among crude, refined, straight-harden-
ed and blended hydrogenated groundnut
oils tested, straight-hardened oil retains the
maximum amount of vitamin A both at
37-5° and 60°C. and refined oil the least.

2. Ethyl gallate affords a small but signi-
ficant degree of protection to vitamin A
acetate in all samples.

3. Vitamin A acetate promotes instability
of the oils, which, however, is counteracted
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Trypsin Inhibitors in Indian Foodstuffs:
Part I—Inhibitors in Vegetables

KAMALA SOHONIE & A. P. BHANDARKAR
Biochemistry Department, Institute of Science, Bombay

Of the 65 vegetables tested, trypsin inhibitors
were found to be present in 11. The properties
of the inhibitors obtained from different
sources, viz. precipitability with alcohol, ace-
tone and ammonium sulphate, solubility in
trichloracetic acid, heat stability and dialys-
ability, show that they are different from one
another.

HE presence of a trypsin inhibitor in
soyabeans was first reported by Ham'
and Sandstedt!. Borchers and Acker-

son? found that the trypsin inhibitor was
entirely absent in non-leguminous seeds,
while it was present in some of the legu-
minous seeds. The trypsin inhibitors from
soyabeans, navy beans and lima beans have
been crystallized and their physical and
chemical properties have been studied in
detail®®®, Jaffé!! has studied the protein
digestibility and trypsin inhibitor activity
of leguminous seeds.

While studying the digestibilities of certain
Indian pulses, Gaitonde and Sohonie!?13
found that the proteins of field bean ( Dolichos
lablab) were resistant to digestion with
trypsin. Further studies on this subject
revealed the presence of a trypsin inhibitor
in field bean. The presence of trypsin inhi-
bitor in three more pulses was also reported
by them.

Kendall and Touchberry! found a trypsin
inhibitor in soyabean forage only at the
onset of seed formation. They also observed
that trypsin activity upon casein was re-
tarded by the vegetative portion of green
soyabean plants, from which seeds had been
removed. Trypsin activity was inhibited
more by seed extracts than by leaf or stem
extracts. The concentration of the inhibi-
tory factor increased as the plant matured.
Kendall'® also observed the presence of a
trypsin inhibitor in alfa-alfa and ladino
clover. Besides these, there is no reference
in literature to the presence of trypsin
inhibitor in other green plants. The present

500

investigation was, therefore, undertaken
with a view to test various vegetables for the -
presence of trypsin inhibitor and study their
behaviour.

Experimental procedure

Sixty-five vegetables were examined for
the presence of the trypsin inhibitor. These
included 16 root vegetables, 5 stem vege-
tables, 13 leaf vegetables, 2 flower vegetables
and 29 fruit vegetables. Three samples
of each vegetable purchased from 3 different
local markets were used in each case.

The edible part of each vegetable ( 100 g.),
was washed to remove adhering dirt parti-
cles, cut into small pieces and blended with
100 cc. of 0-05N hydrochloric acid for 2 min.
to give a uniform suspension. The suspen-
sion was transferred to a 250 cc. beaker and
kept at room temperature for 1 hr., with
occasional stirring, for the extraction of the
inhibitor. At the end of 1 hr., the suspension
was squeezed through muslin cloth. Five
cc. of the suspension were taken and after
adjusting the pH to 7-7 was diluted to 15 cc.;
3 cc. of the diluted suspension were used for
the experiment.

The formal titration method was followed
for the detection of the inhibitor. The
reaction mixture consisting of 4 cc. of 5
per cent gelatin solution + 3 cc. of the dilut-
ed vegetable extract+ 1 cc. of 2 per cent
trypsin solution after adjusting the pH to
7-7 was incubated at 37°C. for 1 hr. Controls
without the test extract and those to which
neutral formaldehyde was added before the
addition of the enzyme were run, side by
side. At the end of 1 hr., the reaction was
stopped by the addition of 1 cc. of neutral
formaldehyde. These reaction mixtures were
titrated against 0-05N sodium hydroxide
using phenolphthalein as indicator. The
presence of the inhibitor in the extract is
indicated when the reaction mixtures with the
vegetable extracts gave a titre value lower
than that obtained without the test extracts,
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Of the 16 root vegetables investigated,
kone, sweet potato, taro roots and turnips
contained the inhibitor. Among the 5 stem
vegetables investigated, potato contained
the inhibitor. Of the 29 fruit vegetables
examined, the inhibitor was found in Bengal
gram, cowpea, double bean, field bean, Goa
bean and red gram. It was absent in leafy
and other vegetables.

In the case of turnips, the inhibitor was
found to be present in the crop grown during
October, November and December months,
and was absent in crops grown in other
months of the year.

The tender legumes of field beans, Goa bean
and cowpea did not show the presence of the
inhibitor.  However, when the legumes
mature and the seeds are formed, the in-
hibitor makes its appearance. The inhibitor
was found to be present only in the seeds
and was absent in the outer coverings of the
legumes.

Concentration of the inhibitor — The hydro-
chloric acid extracts of the vegetables ob-
tained after squeezing through muslin cloth
were centrifuged for 15 min. at 2,000 r.p.m.
The supernatant was treated as follows:
Ethyl alcohol or acetone was added to the
hydrochloric acid extract in the ratio 5: 1
by volume. The precipitate obtained was
centrifuged for 5 min. at 2,000 r.p.m. The
precipitate was taken up with distilled water,
the volume taken being equal to the original
hydrochloric acid extract. The suspension
was filtered and the filtrate tested for in-
hibitor activity.

Solubility of the alcohol precipitated inhibitor
in_trichlovacetic acid — The precipitate ob-
tained after treating an aliquot of the extract
with alcohol or acetone was treated with 2-5
per cent trichloracetic acid, the volume of

the acid taken being equal to that of the
original hydrochloric acid extract. The
precipitate was mixed with trichloracetic
acid and the flask containing the mixture
kept in boiling water bath for 5 min., filtered
and the filtrate tested for inhibitor activity.

Dialysis — The hydrochloric acid extract
was dialysed overnight in a cellophane bag
under running tap water. The supernatant
liquid and the precipitate were separately
tested for the inhibitor.

The purification of the inhibitors achieved
by these methods is shown in Tables 1 and 2.

Estimation of inhibitor activity— The activ-
ity of the inhibitor is expressed in terms of
the trypsin inhibitor units described by
Borchers et al.®.

The activity of the inhibitor was estima-
ted as follows: The reaction mixture consist-
ing of 5 cc. of 5 per cent skimmed milk + 1 cc.
of the test extract -1 cc. of water +1 cc.
of 2 per cent trypsin solution was adjusted
to pH 7-7 and incubated at 37°C. for 10 min.
Immediately after the addition of the enzyme
1 cc. of the reaction mixture was pipetted
out and added to 10 cc. of the 2:5 per cent
trichloracetic acid solution, the rest of the
reaction mixture being incubated. After
10 min. incubation, the undigested protein
was precipitated with 10 cc. of 2-5 per cent
trichloracetic acid. Controls were run side
by side. The reaction mixtures were al-
lowed to stand for 30 min. and then filtered.
To an aliquot ( 0-4 cc.) of the filtrate 10 cc.
of 0-5N sodium hydroxide solution was
first added and then 3 cc. of phenol reagent
of Folin and Ciocalteu® ( diluted 3 times)
was added to give a blue colour with the
liberated tyrosine. The test-tubes in which
the colour was developed were allowed to
stand for 10 min. and the intensity of the

TABLE 1 — CONCENTRATION OF INHIBITORS BY PRECIPITATION WITH ALCOHOL OR ACETONE
( Activity expressed in inhibitor units X 10-%/mg. of dry weight of the material )

VEGETABLE HCl ALcoHOL
EXTRACT PPT.

Bengal gram 45-4 490-1
Cowpea 72-7 145680
Double bean 77-1 192-8
Field bean 80-2 535-6
Goa bean ( Psophocarpus tetra- 126-6 5807

gonobolus DC.)
Kone 451-6 2640-0
Potato 337-6 nil
Red gram ( Cajanus cajan Linn. 995 1074-0

Mill sp.)
Sweet potato 212-3 nil
Taro roots 159-1 12680-0
Turnip 71-6 510-2

AvrcoHoL ACETONE ACETONE
ppT.+ CCl,COOH PPT. ppT. +CCl,COOH
640-4 146-1 221-9
ni 388-7 207-7
2121-0 209-2 2832-0
787-9 226-9 266-2
381-7 2643-0 875-1
1426-0 883-3 560-8
nil 3886-0 nil
469-9 667-9 296-8
nil 5967-0 nil
763-7 2075-0 768-3
1817 4883-0 706-0
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TABLE 2— CONCENTRATION OF INHIBITORS BY
DIALYSIS

( Activity expressed in inhibitor units X 10-%/mg. of dry weight
of the material )

VEGETABLE. HCl DIALYSED EXTRACT
EXTRACT —
Supernatant Ppt.
Bengal gram 1443 2372-0 nil
Cowpea 31-2 1400-0 .
Double bean 170-6 433-4 nil’
Field bean 750 1465-0 nil
Goa bean ( Psophocarpus 279-7 1484-0 nil
tetragonobolus DC.)
Kone 270-2 5529 nil
Potato 602-2 2523-0 t
Red gram ( Cajanus cajan  249-7 7731-0 nil
Linn. Mill sp.)
Sweet potato 138-8 10170 nil |
Taro roots 977 5054 nil
Turnip 159-4 7741 nil

*About 129, activation of trypsin.
tAbout 21% activation of trypsin.

TABLE 3 — EFFECT OF HEATING AND
AUTOCLAVING ON THE ACTIVITY OF THE
INHIBITOR

( Values expressed in percentages of the original activity )

VEGETABLES % DESTRUCTION AFTER HEATING FOR
min.
r 2 N
15 30 45 60 Auto-
claved
Bengal gram 21-4 50-0 64-8 85-7 90-4
Cowpea 47-1 52:9 58-8 64-7 83:3
Double bean nil nil nil nil nil
Field bean 3-8 3-8 3-3 33 31-4
Goa bhean 1-0 1-0 1-0 2-1 610
Kone nil nil nil nil 66-7
Potato 97-8 97-8 97-8 97:8 100-0
Red gram nil nil nil nil 83-3
Sweet potato 72-7 100-0 100-0 100-0 100-0
Taro roots 83-3 83-3 86:7 90-0 100-0
Turnip nil nil nil 3:2 1000

colour compared in a Klett-Summerson photo-
electric colorimeter using a green filter.

Separation of the inhibitor by saturation
with ammonium sulphate was carried out with
a view to find out the saturation of ammo-
nium sulphate at which the inhibitor is
precipitated. Three saturations, namely half,
three-fourth and full saturation, were tried.

The inhibitors from Bengal gram, double
bean, Goa bean, kone, potato, sweet potato,
taro roots and turnips are precipitated at
half saturation, that from field bean at three-
fourth saturation and those from cowpea
and red gram at full saturation of ammo-
nium sulphate.

Stability of the inhibitor towards heat —
The different extracts were heated in a
boiling water bath for different intervals and
the percentage trypsin inhibiting activity
of the heat-treated extracts was measured.

In another set of experiments the original
hydrochloric acid extract was autoclaved at
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15 Ib. pressure for 30 min. and the autoclaved
extract tested.

The percentage destruction of the inhibitor
by heating in the water bath and on auto-
claving is given in Table 3.

Discussion

It is clear from the results given in Tables
1-3 that the inhibitors from different vege-
tables differ in their properties. Inhibitors
from all the vegetables with the exception
of those from potato and sweet potato are
precipitated by alcohol. The activity of the
precipitated inhibitor from different vege-
tables was 5-80 times the original activity
of the extract. On treating the alcohol
precipitated inhibitor with trichloracetic
acid, the activity of inhibitors from different
vegetables, with the exception of those from
Bengal gram, double bean and field bean,
shows a decrease. This might be due either
to partial destruction of the inhibitor or its
low solubility in trichloracetic acid. Acetone
appears to be a better precipitating agent
than alcohol for the inhibitor present in
double bean, Goa bean, potato, sweet potato
and turnip. The activity of the precipita-
ted inhibitor from these vegetables was
enhanced 20, 12, 28 and 68 times respectively
of the original activity of the extract. In
all these cases, however, a decrease in the
activity of the inhibitor is observed, except
in the case of double bean, on treating the
acetone precipitated inhibitor with trichlor-
acetic acid. In the case of potato and sweet
potato complete absence of the inhibitor is
observed.

The inhibitors from Bengal gram, cow-
pea, potato, sweet potato and taro roots
are destroyed, partially in the case of cow-
pea and Bengal gram and completely in
the case of others, on heating in a boiling
water bath for 1 hr. The inhibitors from
double bean, field bean, Goa bean, kone,
red gram and turnip are not affected. On
autoclaving, the inhibitors from field bean,
Goa bean, kone, red gram and turnip are
destroyed to the extent of 314, 61-0,
66-7, 88-3 and 100 per cent respectively.
The inhibitor from double bean is extremely
stable.

The inhibitors from all the vegetables
examined are found to be non-dialysable,
since on dialysis the activity of the inhibitor
is retained in the supernatant. Bowman?
showed that the trypsin inhibitor of navy
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bean is quite distinct from the crystalline
soyabean inhibitor of Kunitz?. Tauber et al.10
isolated a trypsin inhibitor from lima beans
which was shown to be a globulin and re-
sembled somewhat the soyabean inhibitor
but differed from it in its complete thermo-
stability. The double bean inhibitor studied
by us appears to resemble closely the lima
bean inhibitor. Lineweaver and Murray!?
and Fredericq and Deutsch!® crystallized a
trypsin inhibitor from egg white and showed
it to be different from soyabean inhibitor.
The presence of two inhibitors in soyabean,
one which can be extracted with 60 per cent
alcohol and precipitated with acetone and
the other which can be extracted with water
and precipitated with 60 per cent alcohol,
has been demonstrated by Bowman*. Las-
kowski (Jr.) and Laskowski® crystallized
the trypsin inhibitor from colostrum and
Laskowski (Jr.), Mars and Laskowski?® dif-
ferentiated it from the inhibitors from soya-
bean and egg white. Green and Work?
isolated two inhibitors from pancreas, which
can be differentiated from each other, one
being dialysable and the other non-dialysable.
From the results presented in Tables 1-3 it
appears that the inhibitors from potato and
sweet potato are similar. The inhibitor
from double bean forms a group by itself by
its extreme thermostability. The inhibitors
from field bean, Goa bean, kone, red gram
and turnip resemble each other in respect
of their complete thermostability at water
bath temperature and partial thermostability
on autoclaving.

Summary

1. Trypsin inhibitors are found to be
present in the following 11 vegetables:
Bengal gram, cowpea, double bean, field
bean, Goa bean, kone, potato, red gram,
sweet potato, taro roots and turnip.

2. In leguminous vegetables, the inhibitor
is located only in the seeds. The inhibitor
is absent in legumes in which the seeds are
not developed.

3. The inhibitor in turnips shows seasonal
variation; it is present only in some months
during the year.

4. The inhibitors are precipitated by
alcohol except in the cases of potato and
sweet potato.

5. Acetone is a better precipitant than
alcohol.

6. All the inhibitors isolated are non-
dialysable and the inhibitory activity is
retained in the supernatant.

7. Inhibitors from Bengal gram, double
bean, Goa bean, kone, potato, sweet potato,
taro roots and turnip are precipitated at half
saturation of ammonium sulphate, from
field bean at three-fourth saturation and
from cowpea and red gram at full saturation,

8. Inhibitors from Bengal gram, cowpea,
potato, sweet potato and taro roots are des-
troyed by heating at 100°C. for 1 hr., whereas
the inhibitors from double bean, field bean,
Goa bean, kone, red gram and turnip are
stable. Autoclaving destroys most of the
inhibitors with the exception of double bean
inhibitor,
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The Metabolic Products of
Penicillium fellutanum®

V. C. VORA?

Department of Biochemistry, London School of Hygiene &
Tropical Medicine, London

Four acidic mould metabolic products,
which are derivatives of tetronic acid, have been
isolated from the metabolism solution of
Penicillium fellutanum. The cultural methods
for the production of these substances, the
chemical methods used for their isolation and
purification and their general properties have
been described.

HE mould Penicillium fellutanum, when
T grown on Czapek-Dox solution, makes

the culture medium strongly acid,
reduces potassium permanganate instantly
in the cold and gives an intense orange-red
colour with ferric chloride. In view of
similar observations recorded for Penicillium
charlesis G. Smith! from which five tetronic
acid derivatives were isolated, it was of
interest to investigate the metabolic products
of P. fellutanum.

Experimental procedure

The organism used in this investigation
was a strain of Penicillium fellutanum ( TRL
1014), received from Timber Research
Laboratories, South Africa, and identified
in the Department of Biochemistry, London
School of Hygiene and Tropical Medicine,
by Mr. G. Smith. The mould was grown
on Czapek-Dox medium.

Cultivation of P. fellutanum in the routine
metabolism investigation — Fifty 1 litre coni-
cal flasks were inoculated with the spore sus-
pension made from P. fellutanum cultures
grown for 2-3 weeks on beer wort agar
slopes.

The flasks were incubated at 24°C. for
28 days, when practically all the sugar had
disappeared from the culture medium.

Isolation of metabolic products — At the
end of 28 days of incubation the metabolic
solution was filtered. The metabolic pro-
ducts were separated into a number of frac-

tions which were later examined individually.
The general scheme of this fractionation is
shown in the flow sheet.

Results

After the removal of polysaccharides by
precipitation with an excess alcohol, the con-
centrated metabolism solution was first
extracted with ether and then with chloro-
form. From the ether extract of the meta-
bolism solution three crystalline products
were isolated. The identity of these pro-
ducts was established by their general chemi-
cal properties and by melting point and
mixed melting points with the correspond-
ing authentic samples as:

(A) Carolic acid (m.p. 132°-33°C.; reset
m.p. 113°-14°C)) (I, R= —CH; X =
—CO.CH,.CH,.CH,0OH )1.2

(B) Carlosic acid (m.p. 179°-80°C.; reset
m.p. 179°-80°C.) (I, R = —CH,COOH;
X = —CO.CH,.CH,.CH, )18

(C) 1-y-Methyl tetronic acid (m.p. 114°-
15°C.) (I, R= —CH;; X = H)*

The chloroform extract of the ether ex-
tracted metabolism solution gave two crys-
talline products. These were also identified
by their general chemical properties, melting
point and mixed melting points as:

(A) Carolic acid (m.p. 132°-33°C.; reset

m.p. 113°-14°C.)

(D) Carlic acid (m.p. 174°C.; reset to a
gum) [ hydrated form, (I) R = —CH,.
COOH; X = —CO.CH,.CH,.CH,0H]'3

HOC = CX
rtn o
Sl
0

The yields obtained were: carolic acid,
23-0; carlic acid, 2-8; carlosic acid, 0-16;
and 1-y-methyl tetronic acid, 19 g.

*The work reported forms a part of the Ph.D..thesis presented to the University of London, 1951,
tPresent address: Central Drug Research Institute, Lucknow.
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Metabolism solution (about 15 1.)
concentrated iz vacuo at 45°-50°C. to
350 cc. Allowed to stand at 0°C.

!

l
Mother liquor precipitated with
alcohol ( 4 vol.)

I

Mother liquor concentrated at 40°-
50°C. to 250 cc., HCl added and
extracted with ether (250 cc.x10)

!
Separated gela-
tinous material

|
Crude carbohydrate
fraction

J
Ether extract

(29-67 g. of brownish

yellow syrup )

Discussion

From the biochemical point of view it is
interesting to note the resemblance between
P. charlesit G. Smith and P. fellutanum which
belong to two different strains of Penicillia
monoverticillata®. As compared with P.
charlesii G. Smith, carolinic acid was found
to be absent in the metabolic solution of
P. fellutanum. A series of acidic mould
metabolic products each of which is a deri-
vative of tetronic acid (I, R=H; X = H)
has been obtained previously from P. char-
lesii G. Smith!, P. ferrestre Jensen® and
P. cinerascens Biourge’.

The synthesis of tetronic acid by the pre-
sent strain of P. fellutanum is not surprising
in view of the fact that carolic acid and
dehydrocarolic acid have been previously
isolated from P. cinerascens Biourge. Al-
though P. cinerascens is listed as a separate
species by Biourge, Thom states that it ap-
proximates very much to P. fellutanum with
distinct morphological differences which
could be found in different strains of any
particular mould. From this point of view
it may prove even more interesting to inves-

|
Mother liquor extracted with equal
vol. of CHCly x10

|
| |
CHCl, CHCl,

I
Mother liquor

extract 1 extract 2-10
(1037 g.) (41g)

tigate the various other strains listed by
Biourge as separate species but which ac-
cording to Thom are very similar to P. fellu-
tanum.
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A New Method for the Determination
of the Bleach Index of Lac

Y. SANKARANARAYANAN & PRAFULLA KUMAR BOSE
Indian Lac Research Institute, Namkum, Ranchi

The bleaching characteristic of any sample
of lac is generally expressed in terms of its
bleach index or bleachability. In the different
methods currently in use for determining the
bleach index or bleachability of lac, the lac
samples are treated with the required amount
of bleach liquor so as to result in * complete ™
bleaching and the volume of bleach used up is
noted. In the new method described, the same
amount of bleach liquor is added to all samples
of lac and the degree of bleaching effected in
each case is determined from the colour of the
bleached solution ( filtered free from wax ) in
terms of N/1,000 iodine.

The advantages of the new method over the
existing ones are: (1) no standard seedlac is
required, (2) repeated additions of small
quantities of bleach liquor ( from time to time )
and repeated filtrations and testings are avoid-
ed, and (3) the necessity of different procedural
details for different grades of lac is eliminated.
The comparison of the colour of the bleached
lac solutions is simple, quick and accurate,and
the results obtained are independent of mode-
rate variations in laboratory temperature.

LEACHED lac is one of the major
B forms in which lac resin is put into

practical use. Large quantities of
bleached lac, both regular and refined, are
annually manufactured in foreign countries,
especially in the United States, United King-
dom and Germany. America alone is esti-
mated to be manufacturing over 7,000 tons
of bleached lac annually. The chief raw
materials used are shellac and seedlac. The
latter is finding increasing favour as this
material is invariably free from orpiment
and rosin which are sometimes mixed in
certain grades of shellac for better appear-
ance and flow and which are very detri-
mental for bleaching purposes.

Crude lac, in its natural form, contains two
colouring matters. One of them is a water-
soluble dye known as laccaic acid! and the
other a water-insoluble but spirit-soluble
dye called erythrolaccin?2. When crude lac
is refined into seedlac by crushing and wash-
ing with water, with or without the addition
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of mild alkaline reagents such as sodium
carbonate or triethanolamine, practically the
whole of the water-soluble laccaic acid is
removed. Seedlac and shellac are, therefore,
practically free from this dye. The material
that imparts to shellac and seedlac the
familiar pale yellow to deep reddish brown
colour is erythrolaccin. The methods used
in the bleaching of lac aim at eliminating or
destroying erythrolaccin. This dye can be
removed by physical methods such as treat-
ment with decolourizing agents or it can be
transformed into colourless derivatives by
reduction or oxidation. Reductive processes
lighten the colour of shellac solution which,
however, darkens on exposure to air due to
reversion of the quinol to quinone system in
the dye®*. Oxidative bleaching of lac
includes both chemical®-¢and electrolytic!?-18
methods. The most widely used bleaching
agent in commercial practice is sodium
hypochlorite.

The bleaching characteristics of different
specimens of seedlac and shellac differ widely
depending upon a number of factors and are
of considerable importance in grading lacs
for purposes of bleaching. There is appa-
rently no definite relation between the depth
of colour of lac and its bleachability.

Bleaching characteristics of lac are ex-
pressed in terms of ‘‘ bleach index ” or the
recently introduced term ‘‘ bleachability .
‘“ Bleach index ” is usually determined by
treatment of an alkaline solution of lac with
sodium hypochlorite (3 per cent available
chlorine ) under definite conditions. The
number of cubic centimeters of sodium °
hypochlorite required to bleach a solution
of the lac to the desired end-colour is the
bleach index. Bleachability is assessed by
adding specific amounts of standard sodium
hypochlorite to the alkaline lac solution
and by comparing the end-colour with that
of standard samples of seedlac bleached
under the same experimental conditions.
Bleachability is categorized into four groups
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requiring 80, 100, 115 and 140 cc. respectively
of bleach liquor for 30 g. of the lac to produce
a shade equal to, or lighter than, the shade
produced by standard samples under iden-
tical experimental conditions?®,

The bleach index methods?® used or advo-
cated, although basically similar, differ in
procedural details, particularly in regard to
(1) particle size of the test sample, (2) method
of dissolution of lac, and (3) determination of
end-colour.

Particle size — The degree of fineness of
seedlac samples influences the consumption
of bleach liquor??2, Finely ground samples
enhance the solubility of nitrogenous matters
present in seedlac and thereby increase the
demand for bleach. Fineness of samples
currently recommended for bleach index or
bleachability determination is recorded in
Tables 1 and 2.

The need for a uniform particle size of the
samples is obvious from the data presented
in Tables 1 and 2. As a result of a series of
experiments carried out by us it was found
that samples ground to pass through a 10-
mesh sieve gave uniformly satisfactory and
reproducible results. No advantage appears
to be gained by grinding the sample finer.
This particle size has the additional advan-
tage of being more in line with the actual
works practice as seedlacs are not generally
powdered fine for use in the manufacture of
bleached lac.

Extraction — All the existing methods
specify approximately 10 per cent anhydrous
sodium carbonate on the weight of seedlac
taken. But in respect of other details, there
is some divergence of opinion. These are
brought out in Table 3.

Seedlac samples were extracted under
all the conditions detailed in Table 3.
It was found that when the extraction
was carried out at 65°-4 2°C., the volu-
minous froth accumulating over the surface
of the extract did not subside within 1 hr.
Further, most of the wax was left over
as residue during subsequent filtration.
When the extraction was carried out at the
temperature of boiling water and with
mechanical stirring, the frothing in the initial
stages was so uncontrollable that the solution
often overflowed the sides of the beaker
vitiating the experiment. Hand-stirring
while extracting at the temperature of boil-
ing water was found to be quite convenient
and dissolution was complete within half an

TABLE 1 — PARTICLE SIZE OF SEEDLAC FOR
BLEACH INDEX DETERMINATION

PARTICLE SIZE OF SAMPLE
R

Baisakhi

MeTtHoD

Kusmi

To be used as such

if free; to be
ground to pass
through 10 mesh
sieve, if blocked

Angelo Bros., Calcutta To be used as such

if free; to be

ground to pass

through 10 mesh

sieve, ifj blocked
o

Indian Lac Research do
Institute ( ILRI {
United States Shellac 40 mesh 40 mesh

Importers’ Associa-
tion ( USSIA )

TABLE 2 — PARTICLE SIZE OF SEEDLAC FOR
BLEACHABILITY TESTS

MeTuop PARTICLE SIZE OF SAMPLE
" Grade 1 Grade II |
A and B A and B
mesh mesh
USSIA 40 40
Indian Standards Institu- 40 10
tion (ISI)

TABLE 3 — DISSOLUTION OF SEEDLAC

MEeTHOD TeMP, MopeE oF DuURATION

STIRRING hr.

Angelo Bros., Calcutta  656°+2°C. Mechanical

ILRI Boiling Manual 1

water

USSIA ( bleach index ) do do 1

USSIA ( bleachability ) do Mechanical 1

IsI do do t

hour. Extraction for a longer period ( say,
1hr.) is, therefore, unnecessary and only leads
to further darkening of the extract.

Preparation of bleach liqguor — The usual
methods recommended are: (1) treating a
suspension of good quality bleaching powder
with sodium carbonate solution and filter-
ing off the precipitated calcium carbonate,
and (2) direct chlorination of sodium hydro-
xide or carbonate. Since it is not always
easy to obtain bleaching powder of the
required quality, method (1) is not always
convenient. Again, a stable bleach liquor of
3 per cent available chlorine is difficult to
obtain starting from sodium carbonate.
Preparation of bleach liquor by chlorination
of sodium hydroxide is free from these
limitations and a bleach liquor of approxi-
mately 5 per cent available chlorine can be
conveniently prepared by passing chlorine
gas through ice-cooled 1:5N solution of
caustic soda. The associated sodium car-
bonate that is invariably present in caustic
soda has no deleterious effect on the stability
or efficiency of the bleach liquor.
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Free alkalinity of bleach liqguor — The
stability of a hypochlorite solution is directly
proportional to its free alkalinity while its
bleaching efficiency is just the reverse. For
the bleaching of lac what is required is a
bleach liquor of reasonable stability and high
bleaching efficiency. This means that the
bleach liquor should contain only the mini-
mum amount of free alkali. As a result of a
series of experiments carried out by us it
has been found that a sodium hypochlorite
solution with a free alkalinity of 0-02-0-04N
serves quite well for the purpose. A higher
amount of free alkali increases the bleach
consumption and reduces the bleaching rate
while with lower amounts the liquor is rather
unstable. A bleach liquor containing this
range of free alkali may be conveniently made
by controlling the degree of chlorination
by the following simple test. Approximately
1 cc. of the solution is transferred periodically
to a test-tube and treated with one drop of
0-5 per cent phenolphthalein solution. Chlo-
rination is continued up to the point when a
distinct pink colouration is noticed and
which persists for not more than 5 sec.
Several batches of sodium hypochlorite
solution were prepared according to this
procedure and all of them were found to
have free alkalinities within the range of
0-02-0-04N. These were found to be quite
satisfactory for bleaching and for use in the
determination of bleach index of lac. The
stability of a typical sample of bleach
liquor so prepared and preserved in glass
stoppered brown bottles, both in a refri-
gerator (3°-5°C.) as well as at room tem-
perature, is indicated in Table 4.

Influence of free alkalinity of the bleach
liguor on the resulls of the bleach test — 1t has
been recognized that excessive alkalinity in
the bleach liquor introduces errors in bleach
tests. But no attempt appears to have been
made to fix the permissible range of alkali-
nity. The presentinvestigationshaveconclu-
sively shown that bleach liquors of free
alkalinities within the range of 0-02-0-04N are
quite satisfactory. In order to determine
the variation in the values of bleach index
with the free alkalinity of the bleach liquor,
the bleach index of the same sample of
seedlac was determined using bleach liquors
containing different amounts of free alkali.
The results are given in Table 5.

By plotting the bleach index values against
the free alkali content of the bleach liquor
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(TABLE 5 ), a curve ( FiG. 1) is obtained from
which it is clear that practically constant
values for bleach index are obtained up to a
maximum free alkalinity of about 0-04N,
and above this figure, the value of bleach
index rises rapidly with increase in free
alkalinity.

End-point of bleaching — No uniform
procedure is followed for fixing the end-
point of bleaching nor is there any agreed
standard for the end-colour of bleached lac
solution.  This is partly because a uniform
reproducible shade cannot be ensured for
every type of lac to be bleached, and con-
sequently the value of bleach index or
bleachability has often to be supplemented

TABLE 4 — STABILITY OF SODIUM HYPOCHLORITE
SOLUTION OF FREE ALKALINTY 0-032N

TIME OF STORAGE

AVAILABLE CHLORINE IN SAMPLE KEPT IN
months 2

Refrigerator Room temp.
( 8°-5°C.) (20°-30°C.)
o %
Freshly prepared 6137 6-137
1 6-095 5-813
2 6-061 5-449
6 5-954 4-815

TABLE 5 — BLEACH INDEX OF THE SAMPLE OF
SEEDLAC USING BLEACH LIQUORS CONTAINING
DIFFERENT AMOUNTS OF FREE ALKALI

NormALITY OF
FREE ALKALI

COLOUR RATIO BLEACH INDEX

0-0144 1-800 100

0-0296 1:960 97

0:0353 1-990 96

0-0642 1-725 101

0-1534 1-180 113

0-3602 0-340 145
160

120

BLEACH INDEX

100

1 1
02N
FREE ALKALI

1
03N 04N

F16. 1—FREE ALKALI CONTENT OF BLEACH LIQUOR
VS. BLEACH INDEX
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by remarks on the shade or colour of the
bleached lac solution eventually obtained.

In the method used by Messrs Angelo
Bros. Ltd., Calcutta, the speed of absorption
of bleach liquor is made use of in ascertaining
the end-point. A sample is considered to
have been fully bleached when 5 cc. of stan-
dard bleach are not consumed within 90
min. under the given conditions. In Sen'’s
modified method?, bleaching is assumed to
be complete when the colour of the wax-free
solution matches that of N/2,000 iodine
solution.

In the United States Shellac Importers’
Association (USSIA) method for bleach
index the comparison of end-colour is made
with the suspended wax particles against
that of a standard seedlac bleached simul-
taneously. For these tests, therefore, stan-
dard seedlacs are essential.

In the recently introduced bleachability
test of the USSIA, the sample is treated with
a definite volume of bleach, namely 80, 100,
115 or 140 cc., depending upon the grade of
seedlac used, and the end-colour is compared
with that of standard seedlacs which are
simultaneously bleached under identical con-
ditions.

The bleachability test is an improvement
over the existing bleach index methods, but
it still suffers from two shortcomings:
(1) standard seedlac samples are needed, and
(2) the results are relative and are expressed
in terms of ‘““ equal to” or * lighter than”
or “ darker than " the standard.

The object of the present investigation
was to modify the bleachability test in such
a way that (1) the use of standard samples
could be eliminated, and (2) the bleaching
characteristics of all samples of seedlac, irres-
pective of grade, could be determined by a
single uniform method and fairly accurately.
This latter point is of importance to the
industry. These objectives have been ful-
filled by employing the modified method.

In the modified method, lac samples are
extracted and treated with a definite volume
of bleach (80 cc. of 3 per cent available
chlorine for 30 g. of the lac ) under standard
conditions and the resulting solution is fil-
tered. The transparent filtrate is then match-
ed against N/1,000 iodine in a Dubosque
(cup and plunger type) colorimeter. The
ratio of the readings is noted and by refer-
ence to the curve ( Fic. 2) the bleach index
of the sample is found out.

Procedure — Seedlac is coarsely powdered
so as to pass through a 10-mesh sieve and
rolled on paper to ensure uniformity. Seedlac
(3754 0-1 g.) and anhydrous sodium car-
bonate ( 3-7 4 0-1 g.) are weighed into a 400
cc. tall beaker and mixed up with 110 cc. of
hot water at 70° 4- 2°C. The beaker with its
contents is then quickly transferred to a
boiling water bath. The contents of the
beaker are kept stirred with a glass rod by
hand, vigorously at first, till the initial
frothing is over and thereafter only occa-
sionally. After exactly half an hour the
beaker is removed from the water bath and
25 cc. of hot water (70°42°C.) are run
down the sides of the beaker. The extract
is then well mixed and immediately strained
through a copper or brass 100 mesh wire-
gauze filter into a 500 cc. graduated cylinder.
The beaker and the residue are washed with
hot water at 70° 4- 2°C. taking care that the
filtrate (including washings) does not ex-
ceed 250 cc. The extract is then cooled to
room temperature in a stream of running
water and made up to 280 cc. with distilled
water. It is then drained into a 400 cc. tall
beaker and mixed with 95 cc. of bleach
liquor having an available chlorine content
of 34 005 per cent. The solution is occa-
sionally stirred with a glass rod during the
next half an hour and then allowed to stand
overnight in a dark place, preferably at about
27°42°C. Next morning the wax collecting
on the surface is cautiously stirred into the
solution by means of a glass rod without
disturbing any sediment present. Exactly
300 cc. of the sediment-free supernatant
solution are then measured and poured into
a 400 cc. beaker and treated with an addi-
tional 4 cc. of the bleaching agent. The
solution is mixed well and allowed to stand
for half an hour. A small portion is then
filtered, through a dry filter paper, the first
1 or 2 cc. of the filtrate being rejected,

- as this is likely to be cloudy. The colour of

the subsequent clear filtrate is then deter-
mined by matching against N/1,000 iodine
in potassium iodide solution in Dubosque
colorimeter.*

*1t has been ascertained experimentally that no
change of colour takes place during filtration of the
wax and that the results of colour comparisons of
bleached lac solutions are practically the same irres-
pective of whether the comparisons are carried out
visually in the presence of the full complement of
wax or colorimetrically after filtering off the wax.
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F1G. 2 — COLOUR RATIO VS. BLEACH INDEX

The ratio of the length of the column of
the filtered bleached solution to that of the
column of the iodine is indicative of the
bleach index of the sample. For example,
with seedlacs of a bleach index of 80 cc. this
value is found to be between 3 and 3:6.
Obviously for any sample, the bleach index
of which is higher, this ratio will be smaller
because the solution would have been only
partially bleached in view of the insufficiency
of bleach. Conversely, for a sample of a
bleach index lower than 80 the ratio will be
higher as the sample would have been over-
bleached.

From this simple relationship the bleach
index of any sample is easily determined.
A number of seedlac samples of known bleach
indices were examined under the above con-
ditions using a total of 80 cc. of bleach liquor
for 30 g. of the sample. A curve (FiG. 2)
was drawn by plotting the colour ratio
against the bleach index of the respective
samples. To determine the bleach index of
any unknown sample, it is only necessary to
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determine the colour ratio under the con-
ditions described above. The bleach index may
then be directly read from the curve. The
procedure is universal and applicable to all
types of seedlac irrespective of grade. This
method combines simplicity with economy of
time and enables one to use the bleachability
method with the same accuracy as bleach
index method. It also avoids the use of
any ‘‘standard” seedlac and makes use
of only N/1,000 iodine solution as the
standard.

The particular volume of 80 cc. bleach
has been chosen because it corresponds to
Grade 1A of USSIA bleachability test. Any
other value near about 80 cc. might also serve
the purpose but the standard colour ratio
( and consequently the location of the curve )
would be different. With standard Grade
1A seedlac the eventual colour ratio after
treatment with 80 cc. bleach was found to
be between 3 and 3-6. Therefore, this value
has been taken to be the standard for an ade-
quately bleached sample.
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Verification of the accuracy of bleach
index curve — It was realized that the
reliability of this method depends entirely
upon the accuracy of the bleach index
curve. In order to verify the accuracy of
the curve, a number of samples of seedlac
were examined under the above conditions
and their bleach indices read from the curve.
The same seedlacs (37:5 g.) were then ex-
tracted with sodium carbonate solution
(3-7 g.) as usual and the extracts made up
to a volume equal to 375—x cc., where

bleaching index — 4
X = r X

Bleach (x cc.) was then added and, after
allowing to stand overnight, 300 cc. of the
solution were treated with a further 4 cc. of
the bleach and allowed to stand for half an
hour. The colour ratio of the bleached
solutions after filtration was then deter-
mined in terms of N/1,000 iodine. If the
curve is accurate, this ratio should be between
3 and 3-6. The results of a number of
experiments are shown in Table 6.

The values in column 4 (TABLE 6) are
not very wide off the expected range 3-3:6
and may be considered to be within the
limits of experimental error.

Reproducibility of the results — Many seed-
lac samples were examined by the above
method using the same as well as different
batches of bleach liquor. Concordant re-
sults were obtained as shown in Table 7 for
two typical samples.

Effect of temperature — Temperature has
considerable influence on the speed of hypo-
chlorite bleaching. It was, therefore, con-
sidered necessary to determine how far the
results obtained by the improved method
are affected by the temperature at which
bleaching is carried out. With this end in
view, the determinations were carried out
on a number of seedlac samples, the solution
in contact with the bleach liquor being
allowed to stand overnight (1) at the labo-
ratory temperature (30°-35°C.), (2) in a
refrigerator at 3°-5°C.,and (3) in a thermostat
at 35°C. The colour ratios of some of the
solutions before the addition of 4 cc. of
bleach were also determined. The results
obtained are given in Table 8.

It is evident from the figures in Table 8,
columns 4, 5 and 6, that varying the tem-
perature from 3° to 35°C. has no appreciable
effect on the results obtained in the bleaching

5.

TABLE 6 — VERIFICATION OF THE ACCURACY OF
THE BLEACH INDEX CURVE

SampLE  COLOUR RATIO BLEACH INDEx COLOUR RATIO
No. OBSERVED FROM CURVE AFTER TREATMENT
ccC. WITH VOLUME
OF BLEACH SHOWN
IN COL. 3
A 3:95 73 4:01
A 3-84 74 3-94
B 625 56 3-82
B 6:52 55 3-42
C 2:45 92 3:92
C 2:50 92 3-64
D 1-40 109 3-70
D 1-40 109 2-96
E 1-64 105 3-09
E 1-64 105 3:42
F 0-87 120 3-34
F 0-64 127 3-62

TABLE 7 — COLOUR RATIO AND BLEACH INDEX OF
SEEDLAC SAMPLES USING DIFFERENT BATCHES
OF BLEACH LIQUOR

BLEACH INDEX
FROM CURVE

COLOUR RATIO

Sample 1
0-26 150-0
0-28 148-0
0-25 150-0
0:25 150-0
0-29 148-0
0-28 148:0
0-30 148-0
0-29 1480

Sample 2
7:69 51-0
6:66 54:0
6-58 54-5
6-59 54:5
673 54:0

TABLE 8 — COLOUR RATIOS OF DIFFERENT
SEEDLAGC SOLUTIONS

} HR. AFTER ADDITION OF
FINAL 4 CC. BLEACH

SAMPLE BEFORE ADDITION
OF FINAL 4 CC. OF
BLEACH

e e W o A =
30°-35°C.  3°-5°C.  80°-35°C.  3°-5°C. 35°C.
P 4-30 4:56 5:64 5-32 —_
Q — 2-61 3:12 2:64 —_
Q 0-81 2-91 2:77 2:94 —_
R 1-24 3:48 4:27 4-27 —
S 0-51 1-05 1-39 1-41 —
S 0-45 1-22 1-25 1-44 —_—
S 0-56 1-40 1-47 2:19 —
T 224 6-24 8:84 8:90 —_
T 1-98 7-44 898 8-94 —
A = — 3-40 3:49 3-40
B — —_ 3-35 3:49 3:37
C — —_ 2:74 3:06 2:75
D —_ —_ 0-95 0-88 0-80
E — — 3:00 3-48 3-52
F —_ — 317 3:24 3:00

experiments. This observation may, at first
sight, appear to be surprising, but the fol-
lowing considerations provide a satisfactory
explanation.

In the bleaching process two factors play
an important role: (1) the speed of bleaching
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(as observed by rate of change of colour of Acknowledgement

the solution ), and (2) duration of the bleach-
ing operations. That the speed of bleaching
is accelerated by higher temperature®® has
been noticed by us also. However, when
practically the whole of the added bleach
has been consumed, a reversion or darkening
of colour of the solution takes place. When
the determination is carried out at the
higher temperature, the added bleach liquor
is consumed ( exhausted ) in a shorter time.
Consequently, during overnight keeping the
reversion or darkening of colour goes on for a
longer period and possibly at a quicker rate
before the addition of the 4 cc. of bleach
next day. Hence the darker colour of the
solution which is maintained overnight at
the higher temperature ( TABLE 8, column 2)
than at the lower temperature ( TABLE 8,
column 3). This would also explain why.
the colour of the sample in the latter case is
closer to the end-colour ( TABLE 8, columns 4
and 5). !

The darkening or reversion of colour on
standing of the fully or partially bleached
lac solution is due to causes other than those
due to the original colouring matter of lac%,
The final 4 cc. of bleach added after over-
night standing helps to discharge only the
colour regained. The solution is thereby
brought back to the same colour which it
had when bleaching was complete and the
darkening had not commenced; in other
words, to the same colour the bleached solu-
tions would have had if there had been no
darkening. This should naturally depend
only upon the amount of bleach used and not
on the temperature of bleaching although
the time required to reach this stage may
be shorter at higher temperatures than at
lower temperatures.

Determination of the bleach index of a
number of samples by the method described
above was made not only by one of the
authors (Y.S.) but also by junior workers
in this Institute and no difficulty whatsoever
was experienced by them in obtaining con-
sistent and satisfactory results.
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Stability of Bleaching Powders

H. C. BIJAWAT & P. K. SARDA
National Chemical Laboratory of India, Poona

The stability of bleaching powders ( Indian
and imported) during storage has been
evaluated. A quality rating for bleaching
powders has been defined and an empirical
equation developed relating stability to meis-
ture and metallic oxides ( R;0; ) in the bleach-
ing powders.

HE causes contributing to the instabi-
T lity of bleaching powders have been
investigated by several workers'12,
Temperature, light, humidity, moisture and
metallic oxides all contribute in some mea-
sure to the loss of available chlorine in bleach-
ing powder. It is difficult to single out any
one agent as the dominant factor. '
Bleaching powders manufactured in India
are often reported to be less stable than
imported ones. Under the tropical con-
ditions of temperature, light and humidity
encountered in most parts of India, bleaching
powder, during storage, is subjected to more
severe conditions than in milder climates.
The bulk of the imported and some of the
indigenous bleaching powders are specially
“ stabilized "’ against tropical deterioration
and are known as ‘ tropical bleaches .
Stabilization consists in the addition of subs-
tances such as calcium oxide, gypsum, etc.,
to the bleaching powders.

Materials and methods

Five samples of bleaching powders (A-E)
from well-known Indian manufacturers and
two imported samples (IF and IG) were
employed in these studies. Two Indian

samples (C and E) and the foreign samples
were of the stabilized variety.

The samples were stored in steel cans
(c. 4in. diam. X 6 in. high) with press lids
which were kept closed during the tests.
This, together with the fact that the cans
were stored in the dark, eliminated the
influence of light on the deterioration of
bleaching powder.

The stability tests were conducted over a
period of six months. During this period,
the average daily temperature and humidity
were as follows: temperature, max. 97°C. and
min. 53°F.; relative humidity, max. 84 and
min. 19 per cent.

The samples were analysed at the end of
every month for available chlorine, chlorate
and chloride. The results of analysis of the
samples, at the commencement of the tests
and thereafter, are given in Tables 1 and 2.

The total chlorine, chlorine as chlorate,
and available chlorine were estimated by
standard methods'®. In the titrations for
chlorate, Zimmermann and Reinhardt solu-
tion was used. Chlorine as chloride was
obtained from the total chlorine by difference.

Metallic oxides (R,0;) and insolubles,
including silica, were estimated by standard
methods using hydrogen peroxide for de-
composing the hypochlorite.

Calcium and magnesium were determined
using the oxalate-permanganate and §-
hydroxyquinoline methods respectively.

The estimation of water in the samples
was carried out according to the technique of
Goldenson and Danner!® with the modifica-
tion that tetrachloroethylene ( b.p. 120-8°C.)

TABLE 1 — ANALYSES OF BLEACHING POWDERS

SAMPLE  AVAILABLE CHLORINE ToraL CHLORINE
No. CHLORINE as ClO, CHLORINE AS CHLORIDE
% % % o
A 25-30 0-28 32-10 6-52
B 27-00 0-08 31-70 4-62
C 24-25 0-20 29-98 654
D 19-00 0:74 21-60 1-86
E 24-80 0-65 36-80 11-35
IF 26-90 055 35-83 8:39
I1G 31-85 0-54 37:60 5:23

SiO, R;0,4 Carcium  MacNEstum  MotsTurRe
o/ o/

% (%l /0 /0 ‘;O
0:30 155 37:00 0-11 4:00
0-32 1-48 36-20 0-16 3-75
1-11 1-84 46-45 0-11 0-75
1-70 2:46 40-50 0-19 1-38
3:24 1-74 34-60 0-16 3-38
0-62 0-77 48-25 0-19 3:88
0-37 0-79 48:25 0-19 1-00
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TABLE 2 —LOSS OF AVAILABLE CHLORINE IN BLEACHING POWDERS

SAMPLE AVAILABLE CHLORINE
No. %
— X
Days: 0 30 61 91 129 150 189
A 25-30 20-30 17-60 1280 810 . :
B 27-00 24-80 21-80 15-80 15-10 1?:7’8 55
c 24.25 23-40 23-40 23-40 2280 2240 2050
D 19-00 19-00 17-15 15-70 15-00 13-50 1200
E 24-80 24-00 19-80 18-80 1810 14-50 11-20
IF 26-90 24-30 2250 20-70 19-50 16-10 12-10
1G 31-85 30-50 30:20 27-80 27-40 26-30 23-40

was used in place of o-dichlorobenzene
(b.p. 180-3°C.). The use of tetrachlorethy-
lene has the following advantages: (1) The
time of estimation is considerably shortened;
(2) bumping, invariably encountered when
using o-dichlorobenzene, is eliminated; and
(3) the results are reproducible and compare
favourably with those obtained with o-
dichlorobenzene (b.p. 175°-76°C.; B.D.H.
technical grade ).

Discussion

Rate of loss of available chlorine — The
available chlorine in different samples has
been plotted against time of storage in
Figs. 1-3. It will be observed that although
all the samples undergo a progressive deterio-
ration, the stabilized samples lose their
available chlorine at a markedly slower rate.

Sample D, although exhibiting fair stabi-
lity, was of poor quality, containing only
19 per cent initial available chlorine. Its
relatively stable nature and low percentage
available chlorine may be due to the admix-
ture of a large quantity of unslaked lime
with it.

The loss of available chlorine ( expressed
in percentage loss per day) in the various
samples was calculated by dividing the total
loss of available chlorine by the duration
of test. The results are given in Table 3.

Quality rating — Besides the rate of loss
of available chlorine an equally important
factor which determines the quality of the
bleaching powder is its initial available
chlorine content. The relative importance
of the factors depends on whether the bleach-
ing powder is to be stored or used fresh.
Any evaluation of the quality of bleaching
powder must, therefore, take both these fac-
tors into account. If L denotes the per cent
loss of available chlorine per day, and C,
the initial available chlorine content, the
ratio C,/L can be considered as a criterion
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TABLE 3 — STABILITY AND QUALITY RATING OF
BLEACHING POWDERS

SAMPLE INITIAL Loss or RELATIVE
AVAILABLE AVAILABLE QUALITY
CHLORINE CHLORINE RATING
% (Ca) 9%/day (L)

A 25-30 0-125 17

B 27:00 0-114 20"

c* 24-25 0-020 100

D* 19-00 0:037 43

E 24-80 0-072 28

IF* 26-90 0-078 20

1G* 31:85 0:045 60

*Stabilized sample.

of the quality of bleach (quality rating).
This ratio tends towards infinity with in-
creasing stability.

The relative quality ratings of the test
samples are presented in Table 3. These
values are based on a value of 100 for the
most stable sample (actual value of C_ /L
for this sample is 1,210). The sample with
the quality rating of 100 is a stabilized bleach
of Indian manufacture. It is superior to the
imported sample IG which comes next with
a relative quality rating of 60. Sample D,
third in quality rating with a value of 43, can
be used to observe the relative importance of
the factors C, and L. The value of C, for
this product is 19-0, showing that it is a
poor bleach. Its L value, however, is 0-037
indicating that it possesses comparatively
good stability. The use of this product
could, therefore, be considered in cases where
the bleach has to be stored over a long
period.

The quality ratings for the unstabilized
products range between 17 and 28.

Stability in relation to composition of
bleach — Ochi® has reported that free and
combined water in the bleaching powder
accelerate its deterioration. He has further
reported that Fe,0; and Mn,O, also render
bleaching powder unstable, while the effect
of ALO, and SiO, is small. Gill” found
that FeO and MnO, in bleaching powder
catalyse the liberation of oxygen. Ste-
panov! observed that traces of iron, manga-
nese, nickel and cobalt catalyse the de-
composition of bleaching powder.

The loss of oxygen from bleaching powder
may be represented thus:

CaOCl, = CaCl,+0O

and it is this reaction that is most likely
catalysed by the metallic oxides present as
impurities.

When the metallic oxides are present
together with water, it is further likely that
the reaction represented by the equation

0Cl, = 0+Cl,

is also catalysed by them.

It is thus reasonable to expect that the
moisture and metallic oxides ( R,0; group)
present in bleaching powder bear some
relation to its stability. Table 4 gives the
percentage loss of available chlorine per day
(L), and moisture plus metallic oxides (x) in
the test”samples.

A semi-logarithmic plot of x versus L is
shown in Fig. 4, where x represents moisture

TABLE 4 — RELATION BETWEEN MOISTURE AND
R;0, CONTENT OF BLEACHING POWDERS AND LOSS
OF AVAILABLE CHLORINE

SAMPLE  MOISTURE R,0, MoISTURE Le
% % + Ry04 (x)
%
A 4:00 1:55 555 0-175
B 375 1:48 5-23 0-114
C 0-75 1-84 2-59 0-070
D 1-38 2-46 3-84 0-037
E 3-38 174 512 0-072
1IF 3-88 0-77 4:65 0-078
1G 1-00 0-79 1-79 0:045

*L, percentage loss of available chlorine per day.

025
0-20

0] ‘\Qo\

0-07

0:05 7 //

-4 0-04

0-03 C ’J/
002 :
|/

001

o I 2 3 4 5 6

X

F1G6. 4 — L0SS OF AVAILABLE CHLORINE IN RELATION
TO MOISTURE AND IMPURITIES IN BLEACHING POWDERS

7 8

515



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

plus metallic oxides content. The graph
obtained is a straight line indicating a rela-
tionship of the type

L = aebx

where a and b are constants. From Fig. 4
the values of a and b are found to be 0-0035
and 0-6370 respectively. Equation (1) may,
therefore, be written as

L = 0-0035e0-63x . ., ., (2)

Equation (2) represents the relationship
between the stability of the test samples
and their moisture plus R,0, content. This
relationship holds good for bleaching powders
of widely different stabilities and qualities.

Magnesium present in all the samples has
virtually no influence on stability. This can
be inferred from the fact that if the per cent
Mg.content of the samples is added to the
value of x in equation (2), the relationship
between L and the new value of x is almost
identical with that of equation (2). Ochi’
has also observed that magnesium oxide
has no influence on the stability of bleach.

It must not, however, be assumed that
moisture and R,0, are the only factors that
influence the loss of available chlorine, al-
though they appear to be the main causes.
When the value of x is zero, L is equal to
0-0035, indicating a slight deterioration even
in the absence of moisture and R,0,.

The presence of carbon dioxide in bleach
due to the poor quality of lime may also
have some influence on stability!* although
this has not been taken into account in
the present study.

A correlation of the type obtained in equa-
tion (2) enables the stability of a bleach to
be calculated from its composition. Knowing
the initial available chlorine content, the
available chlorine present after any interval
can be calculated.

For example, it is required to calculate
the available chlorine content after 100 days
of storage of a sample initially having 26
per cent available chlorine, 2 per cent mois-
ture and 1-5 per cent R,0,.

From equation (2), L =10-0326 when x =
3-5. The loss of available chlorine in 100
days is (0-0326) x (100) or 3-26 per cent.
Therefore, after 100 days of storage, the
available chlorine content of the sample will
have decreased to 22:74 per cent.
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It must, however, be emphasized that
equation (2) is valid only under the experi-
mental conditions employed in the testing
procedure adopted by us. Similar correla-
tions can be developed for other conditions.

The calcium chloride and calcium chlorate
contents of the samples determined, initially
and at monthly intervals, could not be
correlated with the stability of the samples.

Summary

1. Storage tests on five Indian and two
imported samples of bleaching powder showed
that while all the samples steadily lost
available chlorine, the stabilized samples
had a lower rate of deterioration.

2. A quality rating has been specified for
bleaching powders based on the initial
available chlorine content, and the loss of
available chlorine per day. The samples
have been classified on the basis of this
rating. A stabilized Indian bleach was
found to have the highest quality rating.

3. The main causes of deterioration of
bleaching powder are moisture and metallic
oxides of the R,0, group.

4. An empirical equation has been dev-
eloped to express the relationship between
stability and the moisture plus metallic
oxides ( R,05) content of bleaching powders.
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Photomicrographic Study of Leather

B. M. DAS & S. K. MITRA
Central Leather Research Institute, Madras

Photomicrographic studies of pelts at differ-
ent stages of processing, prior to tanning, have
been carried out with a view to explain the
effect of soaking, liming and bating on the
structure of the pelt and on the properties of
the finished leather. These studies have shown
that proper control of the pre-tanning pro-
cesses is of as much importance as the tanning
process for imparting desirable properties to
leather.

of fibrous tissues of hides and skins were
discussed, and it was indicated that the
structure and arrangement of the fibres in
the skins may be altered by chemical or
mechanical treatment. For example, the
collagen fibre bundles can be swollen or
shrunken, the elastin fibres can be digested,
and the reticulin sheath can be ruptured.
It is, therefore, obvious that the structure
and quality of leather depend to a large
extent on the different chemical and mecha-
nical treatments which the hides and skins
receive during the earlier stages of processing
for tanning. The pre-tanning processes are,
therefore, as important, with respect to the
quality of leather obtained, as tanning itself.
The object of this paper is to explain with
the help of photomicrographs the effects of
pre-tanning processes on the fibre structure
of the pelt and the resultant leather.
Soaking — Hides and skins received by
tanners in dry and dry-salted condition have
to be soaked to make them soft and supple.
The hide fibre bundles in their natural state
are more or less wavy, but in the process of
drying, the fibre bundles, due to loss of
water, become flattened and the component
fibrils are glued together ( Fic. 1) by inter-
molecular cross bonds. The interfibrillary pro-
teins, which in the fresh skin are semi-fluid,
get coagulated if the temperature of dry-
ing is high or simply dry up if the tempera-
ture is low. It is well known that unless
and until these coagulated or dried proteins
are removed, proper opening up of the fibre
structure is difficult and the dry hides and

IN an earlier paper!, the characteristics

skins do not get soaked. Substances which
disperse coagulated interfibrillary proteins
are, therefore, used in soaking dry hides and
skins. If in the process of soaking the de-
hydrated fibre bundles do not get soaked
efficiently, they retain this flattened weave
pattern and the result is a disordered fibre
structure with horizontal type of weaving
(F1c. 2). Horizontal weaves with unsplit
fibres are indicative of flat thin leather of
a tinny nature. Over-soaking, on the other
hand, brings about a large amount of opening
up, which may lead to a soft and rather
spongy leather (FiG. 3). Proper soaking
is imperative for the production of good
leather.

Liming — For the production of desired
properties in the finished leather the liming
operation requires careful control. The pro-
perties of a leather depend to some extent
on its fibre structure, which in turn is depen-
dent on the liming process. Though the
primary object of liming is the removal of
epidermal structures, it has other important
functions. The hide fibre substance, be-
cause of its amphoteric nature, reacts with
alkali and the fibres get swollen in alkaline
solutions rupturing the reticulin network.
The fibre bundles open out and are split

F1G. 1 — SECTION OF DRY GOAT SKIN SHOWING
FLATTENED AND GLUED FIBRE BUNDLES X 37
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and the structure of the skin which is appa-
rent in the limed state is to a large extent
reproduced in the finished leather®. The
extent of the splitting of the fibre bundles
into fibres and fibrils gives a measure of the
suppleness of finished leather. Liming for
an unduly long period makes the finished
leather loose and spongy, and reduces its

T1G. 2 — SECTION OF GOAT SKIN UNDER-SOAKED
x 37

I'iG. 4 — SECTION OF GOAT SKIN AFTER PROPER
LIMING X 37

Fi1G. 3 — SECTION OF GOAT SKIN EXCESSIVELY
SOAKED X 37

up into their component fibres and fibrils,
and the interfibrillary proteins are more or
less dissolved, thereby increasing the per-
meability of the skin and offering a much
larger surface for subsequent tanning ( Fic.
4). : At the same .tlmc the: weave patte'rn_ S . 5 — SECTION OF GOAT SKIN AFTER LIMING FOR
reoriented depending upon ‘the composition , | oxs periop x 37 [ *Places where damage to
of lime liquor? and the nature of treatment, hide fibrils has occurred |
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Bating — The function of a bating agent
is to dissolve out all or part of the lime from
the limed pelt and to digest part of the skin
fabric, viz. elastin, to impart to the skin
pliability and smoothness!. The elastin
fibres constitute a very small proportion of
the skin, forming only 1 per cent of the whole
skin substance®. Although partial disinte-

FIG. 6 — SECTION OF GOAT SKIN AFTER LIMING FOR A
SHORT PERIOD SHOWING IMPROPER OPENING UP OF
BUNDLES X 37

F1G. 8 — SECTION OF GOAT SKIN BEFORE BATING,
SHOWING ELASTIN FIBRES IN THE GRAIN LAYER X 105

F1G. 7 — SECTION OF GOAT SKIN AFTER 24-HR. BAT-
ING, SHOWING PARTLY DIGESTED ELASTIN FIBRES
X 105

tensile strength due to too much loss of hide
fibrils causing separation between the fibres
and fibrils (F16. 5). Too short a liming
period, on the other hand, causes inadequate
splitting of the fibre bundles and the pelt
cannot be thoroughly tanned. Such a fibre
structure ( F1G. 6) may produce a hard or

% F1G. 9 — SECTION OF THE SAME SKIN AS IN FIG. 8,
boardy leather with an open weave. AFTER 8-HR. BATING SHOWING GRAIN ELASTIN X 105
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F1c. 10 — GRAIN SURFACE OF BATED GOAT
SKIN

gration and removal of the elastin fibres
were observed under the microscope after
prolonged bating ( Fic. 7), it is difficult to
say with accuracy whether their removal,
even partial, is essential for the production
of quality leather. It is evident from Figs.
8 and 9 that the bating process as normally
carried out by tanners has little effect on
elastin fibres. From the histological studies
it appears that the effect of the bate on
elastin fibres under normal conditions is not
so much of digestion and removal as of
loosening them from their moorings. The
present-day concept of bating is that, besides
removing some lime from pelt, bating re-
moves the keratoses formed by the degrada-
tion of the epithelial tissue during liming
and digest to some extent the cementing
or interfibrillary substance. All these pro-
ducts are forced out of the bated pelt
during scudding operation, thus cleansing
the grain layer of the pelt. The bates,
because of their ammonium salts content,
also largely reduce alkaline plumping of the
pelt.
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Fi1G. 11 — GRAIN SURFACE OF UNBATED GOAT SKIN
SHOWING DARK PATCHES

While it is not known whether the effect
of bate upon elastin fibres has got anything
to do with the pipiness of the grain of the
finished leather, it is the experience of the
tanner that bating has a very important
bearing on the appearance and the feel of
the finished leather. Unless the grain sur-
face and hair follicles are thoroughly cleansed
by bating and subsequent scudding, the
clear, uniform grain and high gloss charac-
teristic of all types of quality leather cannot
be obtained. This cleansing effect of bating
on the grain surface of the pelt is shown in
Figs. 10 and 11.
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Effect of Shortening Consistency &
Added Antioxidants on the
Keeping Quality of Biscuits

M. R. SAHASRABUDHE, D. S. BHATIA & V. SUBRAHMANYAN
Central Food Technological Research Institute, Mysore

The “ free oil ” content in biscuits is one of
the causes of spoilage in biscuits. The keep-
ing quality of biscuits can be improved by
keeping down the ‘ free oil” content by in-
corporating a shortening of higher melting
point ( 41°C.) in the bake.

The shelf life of biscuits can be further
increased by incorporating in the bake a mix-
ture of antioxidants consisting of butylated
hydroxy anisole, propyl gallate, lecithin and
citric acid.

HE keeping quality of biscuits is
T affected by several factors; the type

of packaging and the nature of the
shortening used are two of the more impor-
tant ones. Spoilage in baked foods may be
due to the changes undergone by one or more
of the ingredients in it, and oxidative deterio-
ration of the fat is one of the major causes.
This can be retarded in several ways such as
selection of high grade raw materials, mini-
mizing exposure to air, light and heat, avoid-
ing metallic contamination and incorpora-
tion of antioxidants.

In India, the shortenings commonly used
for biscuits are made from groundnut oil
which generally melt at ¢. 37°C. Our pre-
liminary studies on several Indian biscuits
indicated that the fat extracted from them
melts within a range of 32°-39°C. which is
lower than that of fat obtained from stan-
dard foreign biscuits which are known to
have a longer shelf life.

The ‘“free oil” content of a product
(expressed as percentage of oil or fat in the
product seeping through at a given tem-
perature and interval) is another factor
causing spoilage in biscuits as a result of
development of rancidity. Rancidity ap-
pears to originate in the fat which seeps
and spreads over on the packaging material
thus providing a greater reactive surface

(TaBLe 1). The “free oil " content of a
product depends, apart from other factors,
on the melting point of the fat used.

In the present investigation, the effect of
the melting point ( consistency) on the
keeping quality of biscuits and the * carry
through "’ properties of butylated hydroxy
anisole (BHA) alone and in combination with
propyl gallate and citric acid have been
studied.

Experimental procedure

The “free oil” content of the biscuits
was determined by the modified method of
Landrock and Proctor! and the keeping
quality was determined on the basis of
Schaal’s accelerated oven test by peroxide
and Kreis values and organoleptic evaluation
of biscuits stored at 26°C. ( 79°F.) and 37°C.
(98:6°F.) by a selected panel of judges were
also carried out. A preliminary report on
the results of the Schaal’s accelerated test
has already been reported by us earlier®.
For determining the peroxide value® of fat,
5 g. of the powdered biscuits were shaken
up with 50 cc. of chloroform for 30 min.,
filtered, washed and made up to 60 cc. An
aliquot (20 cc.) was taken for the gravi-
metric determination of fat and another
20 cc. was treated with 30 cc. of glacial
acetic acid and 0-5 cc. freshly prepared

TABLE 1 —PEROXIDE VALUE OF FAT FRACTIONS

( Sample stored in half 1b. pack, containing 20 biscuits in a row,
26°-29°C. for 12 weeks )

FAT EXTRACTED FROM PEROXIDE
VALUE OF FAT
m, eq./kg.
Paper lining 10:5
Outer trimmings of biscuits* 6-5
Inner core of the pack 2-8

*Two biscuits from each end of the pack were taken as a
whole, while others were trimmed all round (1 cm.).
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saturated potassium iodide solution. The
released iodine was titrated with 0-0IN so-
dium thiosulphate, using starch as indicator.
Under the particular conditions of extraction,
chloroform extracted 75-80 per cent of fat
from the biscuits ( the amount of extracted
fat was almost constant for a particular
product ). With each determination of per-
oxide value, the amount of the fat in a given
volume of the extract was also determined.
Kreis value was determined by the modi-
fied colorimetric method of Walters ef al.t
in a petroleum ether extract of the biscuit
powder and is expressed in Klett-Summerson
units ( with a 54 filter ) per g. of fat.
Organoleptic tests — A panel of five judges
(4 men and 1 woman ) was selected on the
basis of (1) triangular difference tests®$, and
(2) grading test. The grading test was car-
ried out to test the ability of the judges for
ranking samples of known peroxide values
ranging between 2 and 20 m. eq./kg.
* A special score card was evolved for
organoleptic tests. A judge was given 4
samples at a time, always between 10 a.m.
and 12 noon. It was observed that after
lunch hour the sensitivity of the judges was

TABLE 2 — CHARACTERISTICS OF EXPERIMENTAL -
SHORTENINGS

SHORTENING  SHORTENING
: 1 1I

M.P, °C. 37:00 41-00
Iod. val. 6320 48-50
‘Thiocyanogen val. 61-00 43-80
Smoke point, °C. 210-00 212-00
Free fatty acid ( % oleic) 0:08 0-04
Fatty acids composition

Saturated, % 27-20 38-45

Oleic, % 72:36 61-43

Linoleic, % 0-44 0-12

reduced. All the selected judges were non-

smokers and were between the ages of 25 and

35 years. The samples were assessed with
respect to:

1. Appearance — (a) Surface, (b) shape,
(c) colour, and (d) texture;

2. Crispness — (a) Feel, (b)

(c) eating quality; and

3. Taste and odour — (a) Rancidity, (b) bit-
terness, and (c) any other undesirable feature.

The assessment of taste and odour of the
samples were made according to the pro-
cedure outlined by Grant et al’. Each
factor, viz. appearance, crispness and taste
and odour, was assigned a maximum rating
of ten.

Keeping quality — Two shortenings pre-
pared from hydrogenated groundnut oil were
used: (I) a proprietary brand commonly used
in India and (II) an experimental emulsi-
fied product containing lecithin and glyceryl
monostearate. The characteristics of the
two shortenings are given in Table 2.

Based on the comparative antioxygenic
activities of several substances® in groundnut
oil and its hydrogenated products, butylated
hydroxy anisole (BHA) at a level of 0-015
per cent of fat and a combination of BHA,
propyl gallate and citric acid (2:1:1) at
0-02 per cent level were used. The anti-
oxidants were first dissolved in a small
quantity of the shortening and then mixed
in the batch.

Baking — Six experimental batches (50
Ib. each) of “ Nice” brand biscuit doughs
were prepared from wheat flour (maida),
sugar, shortening, honey, liquid glucose and
coconut shreds. The ingredients used for

bite, and

TABLE 3 — PEROXIDE AND KREIS VALUES OF FAT IN PRODUCTS STORED AT 26°-27°C.

STORAGE

Barcu No.
PERIOD A -
weeks 1 2 3 4 5 (]
— A o I én ™ A p S o = - o s R A )
Peroxide Kreis Peroxide Kreis Peroxide Kreis Peroxide Kreis Peroxide Kreis Peroxide Kreis
val. val. val. val. val. val. val, val. val. val. val. val.

4 nil nil nil nil nil nil nil nil nil nil nil nil

8 2:5 nil 1-0 nil nil nil nil nil nil nil nil nil
12 5-0 nil* 32 nil nil nil nil nil nil nil nil nil
14 8:5 nil 3:2 5 2:5 nil nil nil nil nil nil nil
16 15-0 5 79 10* 6:8 nil 1-0 nil nil nil nil nil
17 20-5 58 10-2 60 85 nil 3-0 nil nil nil nil nil
18 22:6 25 15-8 25 8-6 nil 35 nil 22 nil nil nil
20 22-6 31 16-5 39 8-9 5* 4-0 nil 2-2 nil nil nil
26 22-8 60 18-2 85 10-5 39 4-8 H* 35 10 1:8 5
30 - 33:5 62 20-5 15 11-2 60 6-2 10 35 10 18 7
36 42:6 68 22:5 105 152 52 10-1 85 86 21¢ 20 nil
40 50-8 100 22-9 100 15-4 50 95 7 82 83 2:0 10
44 56-2 120 32-6 120 18-2 60 10-2 58 99 67 30 6
48 56-2 210 34:8 100 10-5 68 12-3 29 12-5 62 3:6 22
52 —_ —_— —_ — —_ —_ —_ —_ —_ — 86 25%

*Organoleptic detect

ion of rancidity.
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different batches were from the same lot.
Biscuits were baked under factory conditions
in a conveyer belt oven at 400°-450°F. and
packed after cooling in small units of 8
biscuits each.

The details of the experimental batches
were as follows: batch 1 contained shorten-
ing I; batch 2 contained shortening I with
BHA; and batch 3 contained shortening I
with BHA, propyl gallate and citric acid;
and batches 4-6 were compositions pre-
pared as above with shortening II.

The products were packed in grease-proof
paper, butter paper and cellophane paper
cut to a uniform size of 5-5 x 8-5 in. This
sample paper packaging was done in pre-
ference to tin containers in order to obtain
results quickly.

The results of organoleptic tests, peroxide
and Kreis values are recorded in Tables 3-5.

Seepage studies — Three fats, namely re-
fined groundnut oil and shortenings I and II,
were used for studying the effect of melting
point and quantity of the fat on the  free
oil ” content of the baked product.

Doughs were prepared from wheat flour
(maida), sugar and shortening using a
mixture of ammonia and sodium bicarbo-
nates as the leavening agent (0-75 per
cent of flour). The amounts of shortening

TABLE 4 — ORGANOLEPTIC ASSESSMENT OF
BISCUITS STORED AT 26°-27°C.

BatcH COMPOSITION OF SHORTENING SHELF LIFE*
No. weeks
1 A 12
2 S, + BHA 16
3 S, + BHA + PG + CA 20
4 Sy 26
5 S, + BHA 36
6 S, + BHA + PG + CA 52

*Period when the product was adjudged rancid.
1S; and S; denote shortenings I and II.

TABLE 6 — INFLUENCE OF TOTAL FAT CONTENT
ON THE FREE OIL CONTENT OF BISCUITS

[ Values expressed as percentages of fat in the product seeping
through during 48 hr. at 37°C. (90% relative humidity )]

Fat 1N BIscuits, %
A

‘8 12 15 20 30
Reﬁ{xed groundnut 1-02 3-24 5-90 6-80 10-2
ol
Shortening I 0-52 1-06 2-16 4:10 5:0
Shortening 1I 0-10 0-48 0-05 1-12 3-1

TABLE 7 — SEEPAGE OF FREE OIL IN BISCUITS
WITH TIME

[ Expressed as percentage of fat in
through at 45

gl(t:e] product (12% ) seeping

SHORTENING SEEPAGE TIME
hr.

A

2¢ 36
2:0
0-8

48

Shortening I
Shortening 1L

&es
e
S SJ

=13
pe

1
0-

used were calculated to give 8, 12, 15, 20 and
30 per cent of fat in the final product. The
biscuits were baked in a laboratory oven at
450°F. for 8 min. The results are given in
Tables 6 and 7.

Discussion

The results presented in Tables 2-7 indi-
cate the beneficial effects of higher melting
shortening on the keeping quality of biscuits.
The products baked with shortening II were
found acceptable even after 26 weeks as com-
pared to 12 weeks in the case of shortening I
(TaBLE 4).

The use of BHA alone results in a slight
improvement, the shelf life being about 1}
times that of the control. The protective
effect of BHA is further enhanced when it is
used in combination with propyl gallate and
citric acid. The antioxygenic activity of the
combination appears to be more pronounced
with shortening II than with shortening I.

TABLE 5 — PEROXIDE AND KREIS VALUES OF FAT IN PRODUCTS STORED AT 37°C. (98'6°F.)

STORAGE Batcu No.
PERIOD — A \
weeks 1 2 3 4 5 6L
C A =% r A N = A e . THE A R (o Al
Peroxide Kreis Peroxide Kreis Peroxide Kreis Peroxide Kreis Peroxide Kreis Peroxide Kreis
val. val. val., val. val. val. val. val. val. val, val, val.
4 2:6 nil nil nil nil nil nil nil nil nil nil nil
8 10-1 10* 1-2 nil 2:0 nil nil nil nil nil nil nil
12 10-2 10 8-4 nil 46 6 19 nil nil nil nil nil
16 295 29 10-1 20 62 10* 1:6 nil 1:5 nil nil nil
13 352 45 15-3 48 6-5 9 45 nil nil nil 1-2 nil
20 36-1 150 25-6 120 8:6 20 6:6 8* 36 nil 1:6 nil
22 32-8 108 27-2 100 205 100 8-6 6 6-2* nil 2:8 6
24 30-2 220 28:9 100 32:0 80 10-2 29 5-2 10 30 10*

*Qrganoleptic detection of rancidity; all biscuits had an objectional flavour after 24 weeks.
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The shelf life of biscuits is increased from
26 to 52 weeks in the case of shortening II
and 12 to 20 weeks in the case of shortening I.

A correlation between the rate of seepage
of fat and the shelf life of the biscuits is
observed; the amount of fat oozing out
being directly proportional to the amount
of fat incorporated (ranging from 8 to 30
per cent).

In a similar study on ration biscuits,
Grant ef al.” and Lips ef al.® have shown that
the type of the shortening used has a more
pronounced effect on the keeping quality
than fat concentration or plant practice.
Stabilized hydrogenated vegetable shorten-
ings (m.p. ranging between 37-3° and 41-9°C.)
were more stable in biscuits stored at
43-4°C. than animal-vegetable shortening
melting at 49°C.

In the light of observations made in the
present investigations, it is evident that

shortening of m.p. 41°C. is more stable in
biscuits than shortening melting at 37°C.
This finding is of special significance consider-
ing the tropical conditions obtaining in India.
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Letters to the Editor

STEADY-STATE TEMPERATURE
DIFFERENCES BASED ON THE THEORIES
OF THE PSYCHROMETER & OF THE
EVAPORATION OF DROPLETS

EXPRESSIONS BASED ON THE THEORIES OF
the psychrometer and of the evaporation of
droplets have been derived for evaluating
the steady-state temperature difference, 3,
between a drop of a solvent and that of a
unit molal solution suspended in a chamber
saturated with the vapour of the solvent.
It was shown'? that for the case of water
at ordinary temperatures both theories lead
to similar values of 3. This apparent iden-
tity is now shown to be due to a fortuitous
numerical coincidence of certain factors
which, in effect, renders the two expressions
almost identical.

A comparison of the two expressions® for
3 reveals that the condition for identity is
given by

KRT _ 105 _ hMaP,
M2pDL ~ 3189 ~ kM?p'L
K'RT _ 105  hMaP,

o H Xz~ k@
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Since

RT x 105 o MaP,,
3189 — d
where d is the density of air, equation (1)
reduces to

kK h
ﬁaZE.."-‘....(Z)

Now i}g’ the ratio of the heat and mass

transfer coefficients, is given, according to
the Arnold’s® psychrometric theory, by the

expression
- n
{143}

=sX-—— "=

=)

where s, v, d and k' are the specific heat,
viscosity, density and thermal conductivity
respectively of air, and D is the diffusion
coefficient of the vapour concerned in air.
The factor r has been defined by Arnold as
the ratio of the fluid velocity at the outer

W
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boundary of an assumed film around the
liquid surface to that in the main fluid
stream.

For the case of water . is nearly equal

Dd
to ]i—f‘ with the result that ll—: approxi-
mates tos. Itisin fact due to this approxi-

mation that the adiabatic cooling lines of
the conventional humidity charts are used
for the interpretation of wet and dry-bulb

temperatures. Thus, for water
h_ _K
k ° Dd

which in fact is the condition [ cf. equation
(2) ] of equality of the expressions based on
the two theories under consideration.

For the case of other liquid-air systems for
which s # k'/Dd, it is seen that the identity
given by equation (2) is true only if r—1
[ equation (3) ], which means that there is
negligible convection. In fact, one of the
fundamental assumptions in the derivation
of the expressions for the evaporation of
droplets in air is that convectional effects
do not existt. This assumption is justifiable
for sufficiently small enclosures, whereas
for bigger enclosures Langstroth et al.4
actually observed a higher rate of evapora-
tion than that predicted by the simple theory
neglecting convection effects. On the other
hand, when r-0O (convectional resistance
being a controlling factor) For the

5 1—(—»5
usual organic solvents the diffusion coeffi-
cient “D” is of such a magnitude that s <k’/
Dd, whence 8, as given by the theory of
evaporation, is less than that evaluated by
the psychrometric theory.

The above equations pertain to the case
of negligible heat loss by radiation. If,
however, radiation effects are appreciable
the heat loss per unit time due to radiation
is given by

=cgeA (T*—T%) ..... 4)
where ¢ is the emissivity; ¢, the Stefan-
Boltzmann constant; A, the area of the drop;
T, and T, the ambient and drop tempera-
tures respectively. For the small tempera-
ture difference (T—T,) involved in the
present case, equation (4) reduces to

Qe = 40A€TSAT = hAAT

where h; is the coefficient of radiant heat
transfer.

Thus the total heat loss according to the -
theory of evaporation of drops becomes

q = 4nk'SAT +4nha2AT . . . (5)
where a’ is the radius of the spherical drop
and “S” is a shape factor. Proceeding
similarly as in the previous derivation?, “3”
is now given by
5 = 10 .. (6)

{k’ RTx10-%(1+ha’/k’)/M*Lp’Dx 3'189}+L/RT'

The factor due to radiation is ha'/k’.
According to the psychrometric theory the
total heat loss is given by
q = hA AT4+hAAT=h.AAHL . . (7)

where A is the surface area of the drop; A,
the average area involved in heat and
mass transfers; AH, the difference be-
tween the absolute humidity corresponding
to saturation at the temperature of liquid
surface and that of ambient air; and L, the
latent heat of vaporization of the liquid
in cal. g.

Starting from equation (7) and proceeding
as before!, “3” is now given by

5= 10~ ... (8)
{hMaP,, (1 +h,A/hA) kMp L]+ L/RT?

the radiation factor being h,A/hA. A
comparison of equations (6) and (8) shows

h ¥
that despite the fact that - “=Dd
the values of “3” evaluated by the two
theories do not agree with each other unless
hA/A=k'[a’, which happens only under
conditions of negligible convection as shown
below. According to Arnold the heat transfer
coefficient is given by

CGIR)

(sn/k'+1—1r)
where “B”’ is the film thickness.

for water,

When con-

’

vection is negligible r-~1 and hence h =]§I§'

441:k’aa lil.“
(a—a’) B

4=k’ AT

—I dx/x?

Now q =

where B=(a—a) and A =4rnaa’, a and a’

525



J. SCI. INDUSTR. RES., VOL. 13B,

being radii of the enclosure and the drop
respectively.
Si , hA K y 4maa’ Kk’
nce a' <<a, K = a—a %alz =3
making equations (6) and (8) identical.
Thus, when radiation and convection are
appreciable (r<<1), the two equations
give different values of ‘3" for water. The
effect of radiation is indeed quite appreciable
when the size of the drop is considerable and
also when convection is small. For a drop
of radius 2 mm., assuming negligible convec-
tion, it is found that
since hy = 4 0 €T? = 4x09x1:37x 1012
X (303)3
= 1:37x 10 cal./sq. cm./
. sec./°C.
and k' = 5-7x10-® cal./sq. cm./
sec./°C.[cm.
s ha'[k’ = 0-48
which is appreciable as compared to unity
in equation (6).
B. R. Y. IYENGAR

National Chemical Laboratory

of India
Poona
12 April 1954
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THE SHIFT IN THE “ THRESHOLD
POTENTIAL ” DUE TO CHANGE IN THE
NATURE OF THE ELECTRODE SURFACE
AS A FUNCTION OF THE GAS PRESSURE

MOHANTY! HAS RECENTLY SHOWN THAT THE
“ threshold potential ”’ V,, in silent electric
discharge shifts by an amount AV, due to
change in the nature of the electrode surface,
and, therefore, in the coefficient? y. That
AV,, is an inverse function of the gas pres-
sure p.is seen from Fig. 1. Thus, AV,, due
to a film of sodium chloride on the glass walls
ofan oxygen-filled Siemens’ tube was 0-15 kV,
(rms, 50 ~) at 50 mm. $0O,, and diminished
progressively to 0-05 kV. at 450 mm. Neu-
man?, and Ehrenkrantz¢ found that AV,
the change in the sparking potential V,
with cathode material, was similarly less
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pronounced at higher values of $3, § being
the electrode separation. The above obser-
vations arise from the circumstance that
for low values of X/p, where X is the field,
af/p (« is the first Townsend coefficient ) is
sensibly an exponential function® of X/p.
Hence, setting a/p = A exp (BX/p), one

obtains
V= B l log 5 log

an equation identical in form to that for V,
so that V,, as in the case of V,, is very
little dependent on changes in y.

Grateful thanks of the authors are due to
Prof. S. S. Joshi for his keen interest in the
work.
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