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You will be amazed how many things you
can see on the extraordinary 175A Credit
plug in versatility.

You can tailor the 175A to your exact
measuring task with an inexpensive plug
in ... one designed specifically for the 175A.

On the vertical side of the ledger, the
175A has about the same plug-in versatility
as the scope you have been uSing ... except
that we can let you do more with fewer
plug-ins and at lower cost. Once you have
got the basic scope, with its big 6 X 10 cm
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its easy operation and simple maintenance
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Unique with this 175A is the fact that It accepts horizontal plug-ins too - the only high frequency
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X-Y plots of traces appearing on the 175A crt. A time mark generator plug-in is useful for measuring
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perform all its standard functions.

Beyond this remarkable plug-in versatility. the 175A is a scope that will introduce new accuracy
through large screen viewing and elimination of parallax error. It is easy to operate. It offers positive
preset syncing over the entire bandWidth. the easiest and most dependable triggering in a high frequency s,cope.
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SOLE AGENTS FOR

SCIENTIFIC
INSTRUMENTS
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DIVISION

OFFNER
DIVISION

SHARP
DIVISION

Agents for

BERKELEY
DIVISION

Beckman®

INSTRUMENTS INC., U.S.A.

INSTRUMENTS GMBH. GERMANY

INSTRUMENTS LTD., SCOTLAND

Colorimeters model C, pH meters and pH elec
trodes, various models, spectrophotometers uv,
visible, infrared, gas chromatographs, megachrom
preparative gas chromatograph, mercury vapour
meters, potentiometric recorders, electrolytic
hygrometer, solution metering pumps, laboratory
oxygen analysers, automatic titrators, aquameters,
air comparison pyknometers

Preparative and analytical ultracentrifuges, amino
acid analysers, electrophoresis diffusion instru
ment, continuous electrophoresis apparatus,
analytro, ultramicro analytical system, spectro
colorimeter, spectrochrom analyser, medical gas
analyser, physiological gas analysers, column
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Radioactive counting systems like low Beta and
wide Beta planchet counting systems

Counting frequency and time measuring instru
ments, digital voltage measuring instruments,
line regulators, system components digital and
analog data systems

For technical details contact:

TOSHNIWAL BROTHERS PRIVATE LIMITED
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FOR QUALITY AND SERVICE

• QUICO • Model SC:BW,l

WATER BATH
• Different types like: Electric or Gas working, having concentric

rings or rectangular working chamber, of copper, aluminium or

5.S., temperature controlled, etc.

• Self-ejection type heaters to avoid burn-outs in case boiling pan

works dry.

* Heavily tinned or dull N.? inside to resist corrosion.

• Working on a.c. or a.c./d.c. supply, painted hospital white or
pale cream colour, complete with pilot lamp, constant water
level arrangement. stand. thermometer holder, etc.

Please contact:

UNIQUE TRADING CORPORATION
SPECIALIZED IN LABORATORY EQUIPMENT

221 SHERIFF DEVJI STREET, BOMBAY 3
Gram: UNILAB

Gram: GLASSCO, BOMBAY 2

'SAM CO'

Phone: 32561 I & 3234B9

Phone: 30761

THE TRADE MARK OF
QUALITY & SERVICE
TO THE LABORATORY

& INDUSTRY

We specialize in manufacturing:

GROUND GLASS JOINTS, STOPCOCKS, STANDARD

JOINT ASSEMBLIES, AUTOMATIC BURETTES It ANY

OTHER APPARATUS MADE TO SPECIFICATIONS

SCIENTIFIC APPARATUS MANUfACTURING CO.
255/3.C Mangaldas Road, Bombay 2
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(2-Phenyl-l: 3-indanedione)

In oral anticoagulant therapy

BINDAN

Thrombo'sis
A development in the treatment of coronary

thrombosis and deep venous thrombosis

has been the introduction of

Coronary
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New CSIR Publications

LOW TEMPERATURE CARBONIZATION OF NON-CAKING
COALS AND LIGNITES AND BRIQUETTING

OF COAL FINES

Symposium: Volume I

Price Rs 35.00 Sh. 72 $ 11.00

In India, with large resources of weakly caking coals and limited resources of good quality
-caking coals which have to be reserved for essentially metallurgical purposes, there is urgent
need for the establishment of large-scale low temperature carbonization (I.t.c.) briquetting
and gasification plants at different coalfields. Realizing this need, two pilot plants have
been in operation: one since 1954 at the Regional Research Laboratory, Hyderabad, and
the other since 1961 at the Central Fuel Research Institute, Jealgora.

The Regional Research Laboratory, Hyderabad, organized a symposium on low tempera
ture carbonization of coal during 20-22 November 196\ in order to take stock of the
results of the pilot plants and plan the futvre programme of investigations. A wide
-cross-section of research scientists, coal technologists and industrialists and representatives
from several leading coal processing firms in UK. West Germany. and Japan took part
in the deliberations.

The papers contributed to the symposium covering the two main heads. Briquetting
()f non-caking coal fines and Low temperature carbonization of non-caking coals and
lignites, along with the discussions held during the symposium have been brought together
in the present volume.

Symposium: Volume II

Pages 348; Royal 8vo Price Rs 35.00 Sh. 72 $ 11.00

The second volume of the symposium on low temperature carbonization of non-caking
<:oals (I.t.c.) has been published. This volume contains papers and discussions on two sec
tions: Utilization of products of low temperature carbonization, and Survey. economics and
statistics of I.t.c. products. Of the total of 38 papers included. 32 relate to the utilization
of products of I.t.c. and the rest to survey. economics and statistics of I.t.c. products.

Both the volumes will be of great value to all those interested in the progress and
development of the low temperature carbonization and briquetting industry in the country.

Can be had from

THE SALES & DISTRIBUTION OFFICER

PUBLICATIONS & INFORMATION DIRECTORATE, CSIR

HILLSIDE ROAD, NEW DELHI 12
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Announcing another
THE FLORA

CSIR publication
OF DELHI

by

OR.•1. K. MAHESHWARI
Cenlral National HerbariuTll. Indian l10tanir Canll'n, Ililwrah

A flora of Delhi has long been dcsircu. What has been pillticularly uesirnl is a lInra which should C:l.tcr

not only to the needs of rh:.: taxonomists but should also hl: usahlc by studcllls ,\IlJ allY onc intcn:stt.:J ill the study

of the plants of Delhi. Several attempts 'Were maue but none hefon: this was carried Ihr()ll~h 1.0 succ~ss and no
comprehensive flom of Ddhi was published. The :tuthor has made a surVl'Y IIf the l]owl'ring plants of Dt..:Ihi and

its environs, ami has incorporated the results uf his exhaustive studies in this book. Ninl: hunJn:J and forty-two

species of indigenous, naturalized anti cultivated plants undcr 549 gCl1l:ra helonging to Il0 families have been
described; Bcnlh~m and I lookcr's order of families has been followed and b()t~lI1ical n:1tllCS hay\.: hel:n hrought up

to date in accordance with the latest Int.:rnational Code of Botanical NOl11cnclalUrl', I'eys, based on easily observed

characters, have been providl-d to help identification of pbnts; Ic)('al and English n:UllCs anti uSes of the more

common plants arc given,

The Flora of Delhi is a reference manual for the idcntification of flowering plants of Ddhi. It is invaluable

to students, boranists and laymen alike.

Printed on offset paper, royal 8vo, full rexine bound
PRICE Inland: Rs 28.00 Forei~n: Sh. 56 or $ 8.00

Can be had from

THE SALES & DISTRIBUTION OFFICER
PUBLICATIONS & INFORMATION DIRECTORATE, CSIR

HILLSIDE ROAD, NEW DELHI 12

SCIENTIFIC INSTRUMENTS . APPARATUS . APPLIANCES

for

CHEMISTRY * PHYSICS * BOTANY * ZOOLOGY * ENGINEERING

MILK TESTING * PETROLEUM TESTING * MEDICINE

AND FOR ALL OTHER RESEARCH

LABORATORI ES

*
Please contact:

RATIONAL SALES ASSOCIATES
381·83 LALli NATHU BUILDING, TELANG CROSS ROAD 1

MATUNGA. BOMBAY 19

AS

Phone: 325382 & 327617 Grams: CREAMWOVE, Bombay 2

SP/RSA/I
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JOURNAL OF THE

INDIAN INSTITUTE OF SCIENCE

A quarterly, containing papers on original research

carried out in the laboratories of

the Indian Institute of Science, Bangalore 12

SUBSCRIPTION

(Post Free)

Country

India

U.K.
U.S.A.

Other countries

Annual

Rs.24

£ 2/5

S6.50

Equivalent of
Rs. 30

Indian currency

61 per cent discount to Agents

Single Issue

Rs. 7

Sh. 14

S2.00

Equivalent of
Rs. 8

Indian currency

AIO

Cheques should be made payable to the Registrar, Indian Institute of Science,
Bangalore 12

All communications should be addressed to:

THE ASSOCIATE EDITOR

JOURNAL OF THE INDIAN INSTITUTE OF SCIENCE

BANGALORE 12, INDIA



METRIMPEX
THE HUNGARIAN TRADING COMPANY FOR INSTRUMENTS

P.O.B. No. 202
BUDAPEST 62- HUNGARY

LABORATORY INSTRUMENTS,

EX-STOCKS and Incoming Consignments

Colorimeters, Photometers. Spectrophotometers, Flame Photometers,
Refractometers. Crystalloscopes, Stirrers, pH Meters, Neo-Thermostats,
Flash Point Testers, Centrifuges of various types, Polarographs, Shaking
Machines. Automatic Titrimeters, Extinctiometers. Microtitrators. Electro
Iysers. Penetrometers, Oscillotitrators, Electrophoretic and Chromato
graphic Apparatuses, Rotary Oil Pumps,lnfra-red Heaters, Conductometers.
Calorimeters. Viscosimeters.

AVAILABLE AGAINST RUPEE-PAYMENT

Analytical Balances. Incubators. Vacuum Drying Cabinets, Muffle Furnaces.
Derivatograph, Gas Analysers, Microphotometers. Cell Respiration
Apparatuses. laboratory Refrigerators. Ball Mills, High Pressure Autoclaves,
Ultra-Centrifuges, Mercury Diffusion Pumps and Complete Turn-Key
laboratories.

ARMSTRONG
Contact

SMITH LIMITED
P.B.I85
Bombay
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P. B. 787
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P.8.1618
Madras

P.B.670
New Delhi
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BOMBAY 59

Contact Sale Selling Agents:

(DEALERS IN LABORATORY EQUIPMENT
OF EvERY DESCRIPTION)

Gram: • Esvijack'

•

PEERBHOY MANSION

460 SARDAR VALLABHBHAI PATEL ROAD

BOMBAY 4

INDIA SCIENTIFIC TRADERS

ANALYTICAL BALANCES &

WEIGHTS

'LAB-CHEM'

for

INDUSTRIAL, RESEARCH & COLLEGE

LABORATORIES

Phone: 76336

Manufactured by

LAB-CHEM BALANCE WORKS

THE INTERNATIONAL
CHEMICAL INDUSTRIES

103·8. UPPER CIRCULAR. ROAD
(ACHARYA PRAFULLA CHANDRA ROAD)

CAlCUTIA·9
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STERLIZINC • DRYING. INClJBATtNG

335 NADESHWAR
VARANAIiI CANTT.

Phone: 3282

OTHER TYPES OF

or f,om their agents

are obtainable from the

manufacturers

Improved models of

PROJECTION TYPE MICRO,

SEMI-MICRO, APERIODIC,

CHAINOMATIC AND

LABORATORY STORES

k!!Y BALANCES

Keroy (g{eVa~~ Ltd.
3J LATAFAT HUSSAIN LANE

CALCUTTA 10

Phone: 35-5065

SEW
SO
UNIVERSAL
OVEN

1I"lon'.'.( T""'p"'.lu',, COflI,ol
Wuhoul Conl.(C 'U."U

S"""C".I, & T",..,p. Un,'o..m,I,
!O.5' C 10 !I C

UNIVERSAL OVENS

8ein. luccell(ully uled in the laboratories or :

• Indian Standards Institution. Muhura Road.
Ne.... Delhi' Central Electro Chemical Research
Institute. Karaikudi J • Haffkine Institute, Pared.
Bo~b;J,y • U,niversit;e:s of Lucknow, Rajasthan
(j;J,lpur), Udaipur and many other Industries

tuB HlA~ KAI>lAIlON ~Y\Tf'"

It, All II'> IOIAILT (OV[II[O

.~~'l___ IdAnK'. If~ IlOTlOM & Sl()[S

I

@E ,...."',,"'...
TEMPERA-TUR£ SCI (N T I riC (0 U I' M (N TWO R I< s

CONTROL ''',. '''''0''0' ... 0_ '- "....

GLASS COATED
CHEMICAL EQUIPMENT

Reaction Kettle. steam jacketed. Evaporator.,
Distillation Unit complete, Condenser., Filters
and all accessories such as Stirrers anchor type.

Impellers, Thermowells, etc.

IIE~AIII WOIIK OF FOIIEIGN EQUI~MENT

CAIIIIIED OUT ~IIOMP'TLT

DR. RAO'S LABORATORY
~atel Compound. Near Nair Hospital

BOMBAY.

3A Ripon Street
Calcutta 16

Phone: 4+1338
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Al4

GLUCOSE SALINE BOTTLE

A SPECIALITY. NI)_

CAN TAKE UP THE

FABRICATION OF ANY

TYPE OF WHITE BOTTLES.

o
aOMaAY Offl(£

(o.operative Insurance aldQ..
2nd floor. Sir P. Mehta Road.

aombay I

PlJone : 251791
aram : NUTllALGLA5

MANUFACTURERS OF

r_: 88/311
fAorw: 881312
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PLANTS
(f~<trl{ol &

Non-Electricol Model.

Efficit!nt, Economic
Cleon & Hygienic

fOR INDUSTRIES - T~xti1~. GI....

Engln~~rlng .nd .11 oth~r industri~. for
controll~d & .fflci~nt h~.ting.

FOR PLANTATIONS-Drying .nd
Roosting 01 T~•. C"ffc~ and C.,h~w Nun.

FOIt LABORATORIES·
College. R"earch, Industri.l.

LABORATORY
GLASS

APPARATUS
•

Sole Selling Agents:

GHARPURE & CO.
P-36 INDIA EXCHANGE PLACE EXTN.

CALCUTTA I

Gr.m: MEENAMO • Phone: 22·2061
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FOR HOME AND CANTEEN ETC.
Cooking & h~.ting in Kitch~ns.

Dormitories. Hospitals & Hotels.

Molters & DesIgners of: Cds Burners, Laboratory
Equlpmtnt, Worer Stills. Wottr 8oths, 5hokers,

Ovens and Incubators, Equipment for handling and
J(orint lsoropes. Stainless Steel f(Jbricotion.

Ore Oreuinr Equipmem.

SCIENTIFIC GLASS
A'P'PARATUS
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CSIR PUBLICATIONS

ENCYCLOPAEDIA

Wealth of India: Raw Materials

*Vol. I (A to B)

·Vol. II (C)
Vol. III (D to E)

Vol. IV (F to G)

Vol. V (H to K)

Vol. VI (L to M)

Wealth of India: Industrial Products

Part I (A to B)
*Part II (C)

Part III (D to E)

Part IV (F to H)
Part V (I to L)

BOOKS & MONOGRAPHS

Aquatic Angiosperms - A Monograph by K. SUIJRAMANYAM

Coir: Its Extraction, Properties and Uses

Foundry Moulding Sands of India

Flora of Delhi by ]. K. MAHESHWARI

Glossary of Indian Medicinal Plants by R N. CHOPRA, S. L. NAYAR &
I. C. CHOPRA

Gnetum - A Monograph by PKOF. P. MAHESHWAIII & Ih V[~ILA VASil.

Indian Scientific and Technical Publications - A Bibliography

Indian Essential Oils - A Review by A. K. MENON

Marsilea - A Monograph by K. M. GUPTA

Kinetics of Electrode Processes and Null Points of Metals
by L. I. ANTROPDV

Problems relating to the Development of Internal Combustion Engine in
India

Essential Oils and Aromatic Chemicals

Cellulose Hesearch: Vol. I

Cellulose Hesearch: Vol. II
Antibiotics - Their Production, Utili7.ation and Mode of Action

Chemical Process Design - A Symposium

International Geophysical Year: Vol. I - Symposium Proceedings

International Geophysical Year: Vol. II -- Symposium Procef'rliugs

Plant Embryology -- A Symposium

Low Temperature Carboni7.ation of Non-caking Coals and Lignites and
Briquetting of Coal Fines - A Symposium: Vols. I and II each

-Denotes out of stock

Can be had from

J<s 20.00 Sh 40 $ 6.00

J<s 30.00 Sh 60 S 9.00
J<s 22.00 Sh 44 $ 6.60

J<s 25.00 Sh 50 $ 7.50
I~s 30.00 Sh 60 $ 9.00
I~s 40.00 Sh 110 $ 12.00

Hs 10.00 Sh 20 $ 3.00
I{s 20.00 Sh 40 $ 6.00

J<s 25.00 Sh 50 $ 7.50
I{s 25.00 Sh 50 $ 7.50

Hs 30.00 Sh 60 $ 9.00

I{s 20.00 Sh 40 $ 6.00

Rs 6.00 Sh 12 $ 1.75
Rs 15.00 Sh 30 $ 4.50
J<s 28.00 Sh 56 $ 8.00

Hs 1l.00 Sh 16 $ 2.50

Rs 20.00 Sh 40 $ 6.00
Rs 25.00 Sh 50 $ 7.50

Rs 7.00 Sh 14 $ 2.00

Rs 16.00 Sh 33 $ 5.00

Rs 5.00 Sh 10 $ 1.50

Rs 12.00 Sh 24 $ 3.50

Rs 10.00 Sh 20 $ 3.00
I{s 6.00 Sh 12 $ 1.75

Rs 12.00 Sh 24 $ 3.50

Rs 15.00 Sh 30 $ 4.50

Rs 18.00 Sh 36 $ 6.00

I{s 18.00 Sh 36 $ 6.00

Rs 18.00 Sh 36 $ 6.00

Hs 20.00 Sh 40 $ 6.50

Rs 35.00 Sh 70 $ 11.00

AI6

THE SALES & DISTRIBUTION OFFICER

PUBLICATIONS & INFORMATION DIRECTORATE, CSIR

HILLSIDE ROAD, NEW DELHI 12
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CSIR

REPORTS & SURVEYS

PUBLICATIONS

Report of the Dyestuff Exploratory Committee

I{eport on the Selection of a Site for the Location of a Rayon Factory in
India by DIl LAv(;! THoluA

MISCELLANEOUS

Adapted Processes for the Manufacture of Box Sides by B. M. DAss &
S. N. HOSE

Adapted Processes for the 1\'1anufacture of Glazed Kid by B. M. DAss &
J. C. DEB

Austenitic Grain Size Control of Steel by B. R. NI]HAWAN & A. B.
CHATTEH]EE

Cottonseed and Its Products by M. N. KHISHNMlURTHI

Directory of Collections of Micro-organisms and List of Species Maintained
in India

Geological Time

Index to Flora of the Upper Gangetic l'bin and of Adjacent Siwalik and
Snb-Himalayan Tracts

Indian (;raphite - Its lkneficiation and Uses by J. C. GHOSH,
H. BA~EH]EE & :It H. ASW.HHA NARAYANA

I ndian Vegetable Oils as Fuels for Diesel Engines by J. S. AGGARWAL,
H. D. CHOWIlHllllY, S. N. MlJKEH]EE <'i: LAI. C. VEIlMAN

Indian Vegetable Oils as Lubricallts in Internal Combustion Engines

Manufacture and Application of Liqnid Gold by AnlA RAM, KARIMUI.LAH
& LAL C. VEIlMAN

Patented Inventions of CSIR

Pa ten Is for II1\'entions

Re 1.00 Sh 2 $ 0.30

Re 1.00 Sh 2 $ 0.30

Rs 2.00 Sh 4 $ 0.60

Hs 2.00 Sh 4 $ 0.60

I{s 3.00 Sh 6 $ 1.00

Hs 2.00 Sh 4 $ 0.60

I~e 1.00 Sh 2 $ 0.30

Re 0.50 Sh I $ 0.25

Rs 2.50 Sh 5 $ 0.75

He 1.00 Sh 2 S 0.30

Re 1.00 Sh 2 $ 0.30

Hs 4.00 Sh 8 • 1.20

He 1.00 Sh 2 $ 0.30

Rs 15.00 Sh 30 S 4.50

Hs 5.00 Sh 10 $ 1.50

National Register of Scientific & Technical Personnel (Indians Abroad)

Series E. Engineers
E I to E 17, E Ill, 1964

Series 1\1. Medical Personnel
:11 I to M ll, 1\1 ':I, 1':163

Series ST. Scientists &: Technologists
ST I to ST 17, ST lX, 1':164

Series B &: A. Bllsiness Administrators & Accountants
B & A I to B <'i: A 3, B &: A 4

He 0.50 per part
Re 0.75 for parts £16-

E 18 & E 2, £ 13,
E 14

Re 0.50 per part
He 0.75 per parts M 8

&M9

Re 0.50 per part =
Re 0.75 per parts 5T 2

& ST 14to ST 18

He 0.50 per part

Can be had from

THE SALES & DISTRIBUTION OFFICER

PUBLICATIONS & INFORMATION DIRECTORATE, CSIR

HILLSIDE ROAD, NEW DELHI 12
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RESEARCH ELECTROMAGNET
TYPE NP-53

ullieo 1
Oi--'----~J~ o.~o,,;;-.

The magnet provides reasonably uniform fields and an air gap continuously
adjustable from zero to 10 cm. The pole pieces are 10 cm. in diameter. A pair of
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METROHM pH-METER E 350

Technical Data

Measuring range: 0 ... I.. I'll. 500 ...
o ... ! 500 IllV.

Hy dispb"ing lilt' r,,'f/) point, till' mV.
ral1g~' f;tll he ('x1!'IHh'c! til 0 ...

I 1000 In\'.

Length of scale: abont 110 mill. rOY H pH

nnits

Graduation of scale: 0.1 pH, 10 m\'.

Accuracy of reading: 0.05 pH,S IlIV.

Absolute accuracy: 0.1 pH, 10 IllV.

Temperature scale: 0, , . 100 C.

Main voltages: 110.,. 125 and "'200 .
240 \"olh, 40, . , 60 c.p,s.

Weight: 5.7 kg., indllding standard "'1uip
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'H)IIA~TY: A~:\E.\LlN(; OF I(!\D!ATIO:\ D.\\IAGE IN SOLIDS

Fig. 7·_· Annealing of irracliation-inducl'd (:hanges in the
density of vitreous silica IA, 300'; B, 450"; t', 550"; D, 650';
E, 725 ; F, 800"; (;, 900'; H, 1000"C. (aftef l'rimak and

Szymanski'i")]

Fig. X - lnitial distrill1dioll of <knsity changl's O\"(.'f activa
tioll ('Twrgv from thl' annt'alillg data in Fig. 7 (1\, ;\', 300°;
H. 11',450'; C, C', 550'; I), D', 650'; E, E', 725"; 1", 1",800°;
G. V, 900"; H, H', 1000"('. (alkc I'rimak and Szvmanski")]
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a random distribution of non-interacting interstitial
vacancy pairs, is very complex. The complexities
arise from several factors. In the first place, there
is a spread in the separation of the interstitial from
the corresponding vacancy, depending on the energy
transferred in the displacement collision and the
crystallographic direction of the recoiling interstitial.
In close pair recovery, the specific inter;;titial-vacancy
configuration is of importance7o. The lattice defor
mity near a defect renders migration of other defects
ani;;otropic in consequence of which the activation
energy for migration varies inversely with the density
of defects. Moreover, it is likely that some freely
migrating interstitials escape to dislocations or grain
boundaries, thus affecting the kinetics of recovery31.
In such an event, subsequent to the annihilation of
all the free interstitials by recombination, the excess
vacancies diffuse to dislocations and grain boundaries
with higher activation energy, The rate of diffu
sion-limited annihilation of excess vacancies has been
calculated by Penning7l . There i;; also the possibi
lity of the formation of groups of interstitials, and of
vacancies, which only break up with high activation
energies'2. Annealing in certain systems depends
upon the charge state of the radiation defects, and
the interaction of the defects with impurities present
in the crystals4o ,45,'". Clearly, further theoretical and
experimental work is needed before the problem of
damage recovery can be unravelled in its entirety.
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where 1/ is a eonst:lnt. Thus, although a plot of In I
:Igainst liT obtained at a fixed N is linear as in the
simpho cas<' of discre!<' :Ictivation energy represented
I,y Eq. (29), the "ariabl,' activation energy manifests
itself in a systematic change of the slopes of these
lilH's as a function of the amount of recovery at which
s i, being de!<'rmilH'd. Moreover, a small change
in E with S results in a larg,' change in the time scale
for a gi"('n i,otll('rmal recovery. It is also signi
ficant that a recovery process of a low order Y and
variable s is very similar in charactl'r to one of higher
'( and of discrete s.

The Vand-Primak treatment has been invoked in
the annealing of chemical recoil and radiation damage
by Harhottle and Sutin"o, Shankar and coworkers(;7-u",
Cost"a"1 and by Mohanty and Upadhyay (un
published work). The plots of 1'0(80) against
I/kTldpjd(ln IlJ are similar to those shown in Fig. 8.

Conclusion

The foregoing considerations show that annealing
in even the simple;;t form of radiation damage, viz.
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~
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z
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?lO
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Spectroradiometric Methods for Daylight Studies
V. D. P. SASTRI

Kational Physical Laboratory. New Delhi 12

I T is a matter of common experimce that coloured
objects in daylight under different conditions
of weather appear diffen'nt as the energy con

tent of daylight at different wavelengths in the
yisible region yaries with weather conditions. As
these \'ariations are so frequent and subtle, it is
necessary to develop some artificial standard of light
having some suitable colour distrihution of day
light as its basis so that matching of coloured objects
may be done properly. Also. because of the wide
use of fluorescent dyes in coloured materials as well
as white fabrics it is necessary to take into account
the normal ultraviolet content also of daylight when
choosing the artificial standard of daylight. A
study of the spectral energy (listribntion of day
light, i.e. spectroradiometry of daylight, in the
ultraviolet and visible regions will make available
valuable material for developing a suitable standard
for artificial daylight. In addition, such a study
will throw light on the various processes operating
in the atmosphere which arc responsible for the
yariations. TIle general methods of spectroradio
metry and the different assemblies developed by
different workers for studi.,s on daylight are briefly
surveyed in this article.

General Methods of Spectroradiometry

To evaluate the spectral quality of a luminous
source one requires a means for separating the light
from the source into narrow spectral bands and for
mea·;uring the energy in these bands. For spli tting
the source into narrow spectral bands either filters
or prisms or gratings are made use of. With mono
chromatic filters the readings can be obtained only
at selected wavelengths depending upon the filters
chosen. On the other hand, using a monochromator
with either a prism or grating, one can separate
quite narrow spectral regions and scan the whole
spectrum continnously. If a single monochromator
is t:s"d errors are introdncetl hecause of instrumental
scattered light. A douhle monochromator is, there
fore, preferred.

For measuring the energy iu the spectral range
studied a radiation detecting device is necessary.
These devices can be either non-selective receivers
like bolometers, thermopile, etc., or selective receivers
like photocells, photomultiplier tnhcs or photo
graphic plates. In spectroradiometry it is con
venient to use a sensitive selective receiver like a
photomultiplier tube or a fast photographic plate
after calibrating the systelll point by point with a
standard comparison source of known spectral
quality. The output current from the photo
clectl ic d('vice can either bt: noted manually with
the help of a sensitive galvanometer or recorded
on a strip chart recorder. In tht: first case the energy

, can be measured at definite intervals of, say, 100 A.,
whereas in the latter the energy can be measured
continuoo-Iy if the wavel<:ngth drive of the mono-

chromator is coupled to a suitable motor provided
with a gear system. This gives the fine structure
of the spectral distribution curve which sometimes
is very valuable.

Spectroradiometry of Dayli~ht

For the spectroradiometry of daylight either filters
or prism or grating may be used. When using
monochromatic interference filters for daylight
sunlight or skylight - one should see that the
incident radiation on the filters is as nearly perpendi
cular to the filter surface as possible to avoid altera
tions in the filter spectral curves at oblique incidence.
When the average shape of the spectral curve alone
is of interest without any details, one can perhaps
use the method of filters for the study of daylight.
On the other hand, the use of a prism or grating
monochromator is more convenient even when mea
suring the energy at selected intervals of wavelengths,
as one has a greater control over the choice of wave
lengths. The errors due to scattered instrumental
radiation would be very serious in the ultraviolet
region as the energy in the ultraviolet region in
daylight is very low. Hence it is definitely advan
tageous to use a double monochromator in the
ultraviolet region.

If the measurements required are on direct sun
light a heliostat or siderostat may be used to follow
the path of sun and reflect the light on to the slit of
the monochromator. It would, of course, be neces
sary to use neutral filters to reduce the intensity of
sun's radiation. If the study is on sky radiation a
mirror may be used to take the light from a chosen
part of the sky. In both cases it is desirable to
introduce a magnesium oxide block in front of the
slit of the monochromator such that the light reflect
ed by the mirror is again reflected by the magnesium
oxide block into the slit. This keeps the mono
chromator optical system filled at all times, thus
avoiding any error due to non-uniformity of the
transmittance of the prism across the aperture. In
the case of direct sunlight which is followed by a
heliostat mirror, the plane of polarizOltion would be
continuously changing relative to the monochro
mator. This can be eliminated by the introduction
of a magnesium carbonate block or may be corrected
for in terms of the air mass a~ was done by Stair
et aP in their work on spectral distribution of
energy from the sun.

Because of rapid changes in the spectral quality
of daylight due to changes in the atmosphe:ic
contents like dust, clouds, ozone, carbon dioxide,
etc., the energy measurements have to be made
in an appreciably short time over the entire visible
and ultraviolet regions if the ultraviolet region is
also included in the study made. When the mea
surements are taken manually with a sensitive
galvanometer, readings could only be faken at
sufficiently l'lIlg intervals of wavelengths to cover
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Fig. 4 - Schematic diagram of the assembly used at the
National Physical Laboratory, New Delhi, for stlHlying

spectral (·nergy llistrihutioll

unit with the energy measurements manually
recorded at suitable intervals of wavelengths still
gives valuable results on the spectral \'ariation and
colour of daylight. Taylor and Kerr" used such a
unit for studies on skylight and evaluated the colour
telllperatures of daylight under different conditions.
They took about 15-30 min. to cover th6 rcadings
at intervals of 100 A. in the region 4000-7000 A.
and introduced corrections for the variations in sky
conditions during the time of observation in terms
of the energy variations at wavelength of 5600 A.
and the total illumination measured separately.

In a recent study on the spectral energy distri
bution and colour of daylight, Henderson and
Hodgkiss· were able to get the intensity distrihution
in thc range 3000-8000 A. in ahout 10 min. from
readings taken at 100 A. intervals. Their results
show that while it is a definite aovantage to use a
continuously recording unit, e'Jually good results
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on the ('valuatiun of Clllour of c!aylight may bc
obtained evcn with a non-reCllrding unit.

Summary

The need for c!eveloping an artificial standanl
of light having some suitahle colour distribution
basco on that 'of c!aylight is pointed out and tbe
necessitv to take intu aCCllunt the ultraviolet con
tent of' daylight is stn'sse(!. The general methods
adopted in studying the ('Iwrgy distribution at
diffen'nt wavelengths of c!aylight (spectroradio
metry) and the different instrUlllents used for this
are described brieHy. Special features of a newlv
designed instrument at the ;l!ational Phvsical
Laboratory, New Iklhi, are c!('scril",c! amI' dis
cnssed. It is concluded lIlat while it is a detinite
advantage to USt' a continuously recording unit,
e'1nally good results on the evaluation of cnlotIr of
daylight may be obtained ('wn with a non-recording
1I1ltt.
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Recent Advances III the Chemistry of the Cotton Plant*
A. S. SADIKG'·

.\eadclII)" of S('il'I1CCS, l:l.uck Soviet Socialisti..: I{cpuhlic, Tashkent

ASYSTE~I.'\TIC shl<h· of the various products
obtained from the' cotton plant ((;ossYPilllll
spp.) has not I)('('n earri('d ont nntil recentlv.

\0 compll'l(' data are availahle on the presence of
varions compoull<ls in till' dirr..rent SflPcies of the
plant and tlll'ir variation with the climatic and
l'daphic conditions, ;lIul the period of ,·egetation.
Beside,; cellulose and oil, there are many other
important componnds in the mtton plant, ,·iz.
organic acid,;, h~·drocarbons, polvph,'nols (goss~'pol

and its deri,·ati\"('s, fla,·onoids and tannins, antho
c,·anins, etc.), sterols, Il'rpel1<"S, ,·itamins, organic
compound,; oi nitrogl'n and phosphorus amI other
substances which, (',·identh·, pla~· an important
roJ<: in till' life-histon· of the plant. However,
the cotton plant as a SOUHT of these compounds
has not been exploit,'d. The phvsiological role
of the compoun(1s in the life-history of the plant
is not known, due to lack of chemical, physiological
and hiochemical studies. For example, the root-bark
of the plant, which is descrihed in pharmacopoeias as
having styptic properties, has hardl~' heen studied.
Since 1954, a comprehcnsi'·e programme of study
has been in progress in our lahoratori,'s with a ,·iew
to separating and establishing the structme of the
chemical snhstances present in the cotton plant,
finding possible practical applications for them and
studying the formation, distribution and the dyna
mics of accumulation of some of the substances
which play a significant role in the life processes
of the plant. fn this re,·iew some of the results of
work carried out in om laboratories on the sub
stances separall'd from the various parts of the
cotton plant arc discussed.

Gossypol

The polyphenol, gossypol, which is a coloured and
poisonous pigment of the cotton plant, was first
separated from raw cotton oil by Marshlevoskv in
1899. (;ossypol is pn'sent in the seed-kernels and
root-bark wlwre, along with otlll'r pigments related
to it, it is localized in the special morphological
structures called the pigment glandules. The.
chemistry of gossypol has b,'('n studied by Zami
shlyae,·oya, Kozhevnikovaya, Markman, Rzhehin,
Seshadri and coworkers, Clark, Adams amI co
'I"Orker;;, and others. Smirno,·, Yarosh, Rautl1l'r
and others have studied the hiochemistry of gossypol.
Howe,·er, investigations on the dynamics of accu
mulation and variation of gossypol concentration
in diffprent parts of the plant with particular
refen'nce to the variety and hahitat of the plant
arc few. The derivatives of goss~'pol, which proviele
interesting data on the hiogenesis of polyphenols
in general and of gossypol in particular, have not
been studied at all.

-Lcl:lurc deliv('rcd in Hllssian .It tIl(' Ad\';IIH'l'c1 Ct'ntr(' iur
thl' Chemistry of Natural Products, Delhi l;ni\'t'rs!tv, and
lran~lalc<..l by (.Mrs) Paullla \'asudc\':Ln .

The study of the formation, distribution and
dynamics of accumulation of gossypol in the various
parts of the plant is of special importance for know
ing the role of gossypol in the plant. The solution
of this problem depends largel~· on the availability
of an exact method for the estimation of gossypol
in the various parts of the plant. The methoels
available in the literature are applicable only for
the estimation of gossypol in the seeds and in
the products obtained on processing it. A new
method which can be used for quickly estimat
ing gossypol in all parts of the plant has now
heen developed in our lahoratorv. The method
is based on the farls that gossypol i;; most stable
in borax solution; the properties of gossypol do
not change on dissolving it in borax and borax
does not dissolve other weaklv acidic !;ubstances.
The method consists in extracting the material
with ether, dis;;oh-ing gossypol in borax, extracting
gossypol from the acidified solution of borax with
chloroform and measuring the colour intensity of
the product obtained by reacting gossypol with
antimony trichloride.

The ci\'l1amics of accumulation and variation of
gossypol·in the various pai·ts of the industrial variety
of the cotton plant have been investigated in our
laboratories. The data obtained have enabled us
to arrive at important conclusions. Contrary to
the views found in the literature, it has been shown
that gossypol is formed from the first day of the
growth of the cotton plant and exists in all the
vegetative and reproductive organs. The root-bark
is richest in gossypol. Maximum accumulation of
gossypol occurs at the end of the vegetative period.

In the seeds, there is intensive formation of
gossypol between the 30th and 50th day of develop
ment of the bolls. The gossypol content in root
bark varies from 0·56 to 2·05 per cent and in the
seeel-kerneis from 0·33 to 2·4 per cent.

From studies on the gossypol content of root-bark
and seed-kernels it has been concluded that the
presence of gossypol in the root-bark and seed
kernels varies widely depending on the species and
variety of the cotton plant. Gossypol has not been
detected in the seeds of other genera of Malvaceae.
This shows the specificity of gossypol for the genus
Gossypium. The root-bark which is rich in gossypol
can be used as a raw material for the preparation
of gossypol. A method for preparing gossypol from
the root-bark has been worked out in our laboratorv.

Adams and coworkers have proposed 2-2'[1,6,7
trihydrox~'-3-methyl-5-isopropyl-8-alelehydo]binaph
t hyl (I) as t he structure for gossypol. This structure
has heen confirmed by the synthesis of gossypol
and from a study of its decomposition products,
apogossypol and desapogossypol.

With a view to preparing physiologically active
substances baseel on gossypol, a number of conden
sations involving its aldehyde groups have been
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carried out. The thiosemicarbazone (amizon) and
isonicotinoylhydrazone (ftivaziek) of goss\'pol ha\'e
attained considernblc importancl' as antitubercular
drug-s, In these substances, the alekhn!e compo
nents are derivati\'es of amino- and hvdrox\'lwnz
aldehyde, Starting from these consideratiOlls, and
as gossypol is an aldehydophenol, it was suggest
ed bv us that the thiosemicarbazone and isonico
tino):lhydrnzone of gossypol can also have anti
tubercular acti\'ity, Nine deri\'atives of gossq)ol
(II-X) having antitubercular activity han' been
synthesized,

In analogy with the lVork of Seshadri and co
workers, who effected condensation of gossl'pol
with malonic and acetoacetic esters, deri\'atives of
gossypol with barbituric acid have been synthesized
in our laboratory, A numlwr of estt>rs and deri
vatives of gossypol h,1\'e been found to be water
soluble, The pharmacological activity of these
compounds is under investigation,

(;oss\'pol has also been found to react I"ith
(;rignard's reagent to form compounds of the type
(XI),

Oxidation of goss\'pol is an intcrrsting reaction,
but so far it has I,,'('n fonnd rather dillicult to Sl'pa
rate til<' products of oxid'llion and ddermine the
('Ours<' of oxidati\'(' decomposition of gossq)ol.
A knowledge of till' products of oxidatiH' d,'composi
tion of goss\'pol, forme,1 during rdining of the oil,
is important 'Illd is likel\' to form tll(' basis of a pro
cess for their sqlaration, Tilt, produl'ts of oxidation
or gosS\'pol in alkalilH' solntions with moil-cular
ox\'gen h,\I'" been stndit'd in onr IaboratOlY, ,\fter
Illethylating the product I"ith diazonwthane, it ha,;
heen possible to separatc a lTI'stalline suhstanre,
This substance is nnsaturatcd, contains two Illethoxv
groups and does not n)lll,lin any free cachox\'l ell'
phenolic groups, On tilt' !>asis of this and c1lt'mical
analysis, till' stntctnn' (XII) has !>u'n proposed for
the oxidation product,

OH OH CH= N- R

OH

OH

XI R

II, R= - NHCSNH2

III, R= -NHC0-oN

IV, R= -C 6H4 S0 2 NH 2
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Tannins

The tannins pn'sent in the different parts of
the cotton plant, \'iz, seeds, lean's, bolls and fJowers,
haw been inVl'stigated, The results of the studi,'s
on th(' d\'nami('s of accumulation of tannins in s('('ds
(Fig-, I, A), holls (Fig-, I, H) and "'a""s (Fig-, I, C) of
th,' \'ariely 101l-F han' shown that the tannin con
tent decreases with the growth of the plant with the
exc('ption of the holls (Fig, I, B) in which the tannin
content increas,'s t,m'anls the ('n,1 of vegetati\'e
period, The f1o\\'l'rs contain 5-6 per cent of
tannins, the root-hark and sll'ms 3-4 per cent and
Il'<\n's 4-10 per n'nl. From the wood" part of the
root and sterns no tannins could he isolated,

The separation of tannins has IWl'n effected hy
extracting the Il'a\'('s with elhd acdate, A mixture
of tannins in the form of a light amorphous powder
is ohtained and it has hel'n oshown hv qualitati\'e
read ions that the tannins from cotton Iwlong to
tIll' p\Tocatechin g-ronp, Employing- paper partition
chromatograph\', th,' pn'S('n(,I' of li\'e catechins in
the holls and root-hark, \'iz. (-1. )-c:lll'chin, (:t. )-gallo
catechin, (- )-l'pig-allo('atechin, (I )-catechin, and
(- )-l'picatechin, has hl'('n l'stahlislll'd,

lu the mdaholism of the ('Olton plant, the tannins
underg-o considerahl,' ('hanges hoth qnantitatin'lv
and '1nalitatin'I,\', Using partition chromatog-raph)'
on a column of silica g-l'1, it has I)('('n possible to sepa
rate th,' mixtur(' of tannins and ohtain two of the
catl'chins in the IT\'stallin,' form, One of these
has heen identifi"d :is (-1 )-catechin and the other
as (- )-gallocall'chin, Thus, it has heen shown that
th(' tannins consist mainly of (-j )-catechin and
(- )-g-allocatechin,

The changl's in the '1uantttative anrl CJualitative
composition of tannins iu the coltou plant affecll'd by
wilt ha\'e also beeu ill\'estigated,

Flavones

Flavones of the colton plant had heen studied
earlier by Perkiu and hy Seshadri amI coworkers.

A
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Fig. 1 . Change in the tannin conh'nt: A, in the seeds
with tht.' g'rlJwth of the bolls; B, in the t\eql and folds with
tilt: gnl\\"th of tlw holls; and C. in the It'aves with the growth

of the plant .
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Fig. 2 -- Change in the flanlllcs content of the leaves with
tht, period of \Ocgetatillll

These workers separated five glycosides from the
flowers of the cotton plant, viz, herbacitrin, querci
meritrin, isoquercitrin, gossypitrin, gossypin and
one aglucone quercetin, The dynamics of accumu
lation of f1a\'ones in the leaves of the cotton plant
during its growth hm'e been investigated in our
laboratory, The results, Riven in Fig, 2, show that
f1avones are formed in the leaves right from the
first day of growth, They arc present to the maxi
mum extent in tender lea\'es and to the minimum
extent in tlw mature lea\'es.

Employing paper chromatograph~·, it has been
shown that the flowers and leaves of the cotton
plant contain six and three f1a\'ones respectively,
From the f1avones in the flowers it has also been
possihle to separate an aglucone, quercetin, in
crystalline form, One of the glycosides has been
identified as quercimeritrin; another identified as
quercetin-3'-glucoside (XIII) has not been reported
earlier.

Neutral Substances

Twenty neutral substances from the leaves, bolls
and f1owc'rs of the cotton plant have been isolated
and identified, These substances include: (a) hydro
carbons: tetracosane, hexacosane, octacosane, tri
acontane, dotriacontane and hexatriacontane; (b) al
cohols: hexacosanol, octacosanol, triacontanol and
dotriacontanol; and (c) phytosterols: r,-sitosterol
(XIV) and sitostanol. Sitostanol occurs in the
plant as a fatty acid ester (XV). Of the triterpenes,
r~-amyrin, which has also been found to be present
in the plant as r,-amyrin montanate (XVI), has
been separated and identified,

Vitamins

The leaves of the cotton plant are rich in vitamins
such as ascorbic acid, nicotinic acid, riboflavin,
inositol and vitamin P and especially the provitamin
a-carotene. Further, the leaves are rich in protein,
the amino acid composition of which is not inferior
to those of proteins from the leaves of leguminous
plants, The use of the cotton plant leaves to replace
cut hay (source of carotene) in animal husbandry
is worth a trial.
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I'KO.\I (:(JTTO~SEI.~I) OIL

"ci,k Th,'s,' fatt\· acid, "n' pr",;"nt in the plant
in the form of pho,;plll,lipids, trigh'n'rid",;, esters
"'ith sterols and in th,' fn'l' state. :\'ot all parts of
the cotton plant conl;,in lipids of all rla"'e,;. Thus,
trig-Iyceride,; arc detected only in flowns and roots,
and in wry ,;m,,11 qu"ntiti,-s in the holls. The
triglycerides of (he boll,; resemhle the gilTerides
from cottonseed oil in their compo,;ition and glyce
ride fractions of different polarity hut diff"r some
what from them by the hig-her conlt'nt of palmitic
arid and pre,;ence of small '1nantities of linolenic
acid.

The gll'Ceridl's from the root and f1om'rs differ
considl'rabh' from till' glln-rid,'s of ('ottonseed oil.
Of all the widl'!y distrill1ltt'd fath' "cid,; pre,;ent
in cotton fihre,;, p"lmitic "cid occurs in largest
amount folloll'ed bl' linoleic, linolenic "nd oleic
acids. Palmitic ariel ocrurs chi,-RI' in the form of
phospholipids and est!'rs of st('rol, In all parts of the
plant. Oleic acid is chiefly present as lipids of the

1 l'almilodilil1olcin
2 Trilinlllcin
3 Pallllitooicolinoll'in
4 Oh':,dilil1l,kin
5 Dipaimillllilloicin
() Dipallllitlilein
7 Diolcolinolcin
8 Pallllitlldio!t·ill
9 Stcarodiliuolein

10 Stcaropalmit1llillolt'in
1t Stcarool('olinlllt'in
12 Stcaropalrnillll.h-ill
13 Triolein

Fatty Acids and Glycerides

The unsaturated fatty acids reported to occur in
cottonseed oil arc stearic, palmitic, oleic, arachiclic,
linoleic and myristic acids. Another unsaturated
acid, palmitoleic acid, has recently been isolated
in our laboratory from the oil obtained from the
seeds of a special variety (108-1") of cotton. During
a study of the triglycerides contained in the oil,
the presence of 13 triglycerides ('rable I) has been
reported by us for the first time.

Little information is available in tl'l(' literature
on the formation of oil in cotton seeds and when the
oil begins to appear; some workers have noted the
presence of oil in seeds which are 21 da~'-old and
others in the seeds from 25 day-old bolls. Rut
none of them has estimated the fatty acids in the
oil. Keeping this in view the dynamics of accumu
lation of the oil and variability of the fatty acid
composition of the seeds in the ontogenesis of the
cotton plant have been investigated by us. The
fatty acids have been separated by paper chromato
graphy and estimated. The resnlts suggest that the
oil and fatty acids make their appearance during
the first few days of formation of the cotton seeds
and the amount of oil increases with the growth of
the seeds. In the initial phase, the content of
saturated acids is more than in the final phase, and
derending on the degree of ripening, the content
of unsaturated acids increases.

The fattv acids contained in the roots, stem,
leaves, bolls and Rowers of the cotton plant have
been separated hy adsorption chromatography on
aluminium oxide, inverse-phase distribution and
gas-liquid chromatographI'. The following IS acids
have been detected: lauric, myristic, palmitic,
palmitolcic, palmitolinoleic, palmitolinolenic, stearic,
oleic, linoleic, linolenic, arachidic (eicosanoic), eico
sadienoic, eicosatrienoic, behenic and d('cosadienoic
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axial organs and linolt-nic acid ;IS lipids in il'aves,
The I"aq's diff"r from most of th" vegetative and
n'productin' organs in the alN'ncc of triglvcerid"s,
Thl' f]o\n'rs show comhiu"d hiochemical indications
of hoth the axial organs and leaves by their high
conknt of oleic and linol"nic acids, Linoil'nic acid,
which predominaks over all other acids in the cotton
secd oil, s<'idom exceeds 20 Ill'r cent in the vegetative
and reprodnctive organs with the exc"ption of bolls,
where it forms triglycerides similar in composition
to the ones in cottonseed oil. Myristic acid in the
lipids of I'cgdali,.,· organs reacill's'np to 12 per cent.
The otll<'r fatty acids are present in very small
amount~.

From lhe various vegetalive organs of the cotton
plant, il'an's and film's, till' following organic acids
have so far been detected: citric, m;llic, oxalic,
ascorbic, lactic, tartaric, succinic, fumaric, pyro
ran'mic, fonnie, valt-ric, salicl'lic, acetic and glutaric
acids, The conknt of organic acids in the cotton
plant varies witll til(' soil and climatic conditions,
ngdalin' pl'riod and ag" of til,' vl'gl'lative parts
and ('('productive organs of the plant. The rcsults
of estimation of the toLd acid contl'llt of citric and
malie acids in til(' It'a""s of til<' colton plant from the
5th dav to 60 to 70th da\', from two levels anrl at
t\\'O gi'owtll periods of til(' crop indicate that a
sharp increase in the citric acid conl<'nt occurs ill
the leal'es of the first len·1 from the 15th to the
20th dal', The amount of ('itric acid accumulation
is found' to be maximum at the end of the vq;etative
period of till' plant.

The accumulation of malic acid is at its maximum
(up to 4 per cent) in 40 day-old leaves and then it
decreases, The nature of the change in the content of
total acids is (juite different. However, in general
the accumulation of organic acids with the growth
of the leaves is the rule,

The total acid content of leaves is 10-14 per cent of
which the titratable acid is only 0·78 per cent. The
citric acid content towards the end of the vegetative
period is 5-7 per cent and that of malic acid 4-5 per
cent. Accumulation of citric and malic acids in
consid('rable quantities in the lcavcs at the end of
thc vegetative pcriod indicates that the leaves of the
colton plant can be used as a raw material for these
acids, As a mattcr of fact, the leaves are being
exploited on an industrial scale for these acids.
With the aim of preparing physiologically active
substances based on citric and malic acids, more
than 20 new compounds have been synthesized and
arc under pharmacological testing.

Thus, at present, from the various vegetative
parts of the cotton plant it has been possible to
separatc and study more than 40 individual com
pounds of different classes, some known and some
isolated by us for the first time. The study of the
chcmical structures of the compounds separated,
and solving the biochemical problems connected
with the clarification of the role and changes of the
various groups of compounds which accumulate in
various vegetativc and reproductive organs of the
plant, will make it possible to reach definite gene
ralizations of theoretical and practical value.
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Synergic Extractions
ANI!. 1\, DE

Department of Chcmistr~", Jal1avpuT University, Cakutta 32

I N solvent extraction of metals by a mixture of
two organic solvents the system may behave in
one of the three ways: (I) neither solvent particip

ates in the extracted metal complex (e.g. extraction of
indium from hydrohromic acid with henzl'ne-i-cyclo
hexane), (2) one of the solvents participates whereas
the other is an inert diluent (e.g. extraction of chloro
auric acid by tributylphosphatc+xylene), or (3) both
the solvents participate in the complex formation
[e.g. extraction of uranium (VI) by thenoyltrifluoro
acetone+tributylphosphate]. The last type repre
sents the most interesting case. The distribution
coefficients may be higher by a few orders of magni
tude than those exhibited by eitlwr of the solvents
alone. This phenomenon of greatly enhanced extrac
tion was first termed' Synergism' by Blake ct al.' in
1958. It opened up a new area of solvent extraction
which has attracted considerable attention in recent
years.

The solvating solvent, tributylphosphate (TBP),
has been employed in many extraction proceSSl'S and
it was observed as early as 1949 that the acid hydro
lysis products of the reagent, mono- and dibutyl
phosphoric acids themselves were also effective
uranium extractants. Blake et al.' reported tha t
when a dialkylhydrogen phosphate, (IW),PO.OH,
was used in conjunction with certain neutral organo
phosphorus reagents, e,g. (RO)3PO, where I{ =n-Imtyl,
the extracting power of the mixture exceeds the sum
of the extracting powers of the components. Accord
ing to Blake et al., the synergic extraction seems
limited to uranium and to dialkyl-phosphoric acid
neutral organophosphorus ester. This was too sweep
ing an inference since, later on, the phenomenon has
been observed in a number of systems. Earlier
Cunninghame et al.' reported that a mixture of
thenoyltrifluoroacetone (1TA) and tributylphosphate
(TBP) extracts neodymium and praseodymium from
nitrate solutions much better than either solvent alone
and suggested an explanation based on mixed complex
formation.

Extraction with Solvent Mixtures
Goble and l\laddock3 investigated the extraction

of protoactinium from hydrochloric acid by mixtures
of diisopropyl carbinol with ketones, nitro compounds
and nitriles. The extraction curves show pronounced
maxima. A mixture of strong donor solvent and a
solvent of high basicity is a better extractant than
,either of the pure solvents. Limited extraction
occurs with the pure donor solvent alone because of
the unfavourable electrostatic free energy of transfer,
whereas the high dielectric constant solvent alone has
limited donor power and hence limited extracting
ability. If one solvent in a mixture contributes high
basicity and the other a high dielectric constant, the
,distribution coefficient would be higher than in either
,of the solvents. Mottola and Sandell' made similar
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observations whih' extracting hismuth iodide with
mixtnn's of isoamyl ;dcohol and acetate.

Maxima in the extraction curves arc ge,wrall\"
attrihuted to positiVI' dl'\'iation from !{aoult', law
for the solvents". In soml' cases mixed sol\'atcs Illa\'
form which are more stabh- tI,an the purl' sol\'atl:s
leading to higher distribution codlicient. \'do\'('nko
and cowork,'rsl; ,S made such an observation in tilt:
extraction of nitric acid, uranyl nitrate and other
nitrates with mixtures of dieti,yl ether and an'to
phenone, isoamyl alcohol and methyl-isohutyl k('(0lll',
or of dibutyl 'ether and [1,r,'-dicidorodietf,vl ('(Ill'r.
When diluted with an illl'rt sol\Tnt like bCllzene, cacll
solvent was found to form a disolvate. In the
mixture a mixed solvate is presumahly formed
resulting in increased extraction.

Syneq~ic Systems
The most intensively studi"d synergic systems

(H X-S) are those involving: (I) a chelating agc'nt snch
as TTA (HX) and a solvating soh'ent such as TBP (S)
and (2) a dialkyl-phosphoric acid (HX) and neutral
phosphorus ester (S)".

Systellls illl'ot7 1illg II dletlltillg IIgent lind a soll"tljlll;
solvent - With TTA-TBI' and TTA-TBI'O (tributyl
phosphine oxick) mixture as extractant for urauium
(VI), Irving and Edgiugtou'" " found synl'rgism of
till' order of 10" aud 10' n·spectivdy. The extracte,1
species were given as U02X,.TBP and UO,X,.TBPO
respectively from isopiestic as well as infrared
m,'asnn'nwuts. The studil's w('n' later on eXll'ndeu
to plutonium (VI), americium (II I), europium (Ill)
and thorinm. The following spl'cies were identified:
l'uX".2TBI', AmX".2TBI', AmX.(XO:Jl,2TI1PO,
AmX".TBI'O, EuX3.2TBI', EuX".TBPO, EuX,(:"O,,),
2TBPO, ThX,,(NO,,).T1W and ThX(NO"),,.TBPO.

Irving and Edgington!:' postulated that the cOlHli
tions for synergic extraction an': (i) one of the active
solvents (HX) should be capable of nentralizing the
charge on the ml'tal ion, prdnahly by forming a
chelated complex, (ii) the s('cond active solvent (S)
should be capable of displacing any residual co
ordinated water from the neutral metal complex
rendering it less hydrophilic, (iii) the second solVl"nt (S)
should not be itself hydrophilic and coordinated
less strongly than HX, and (h') the maximum co
ordination number of the metal and geometry of the
ligands should he favourahle. This explanation was
satisfactory for uranium (VI) but invalid in the case
of trivalent lanthanides and actinides which were
apparently coordinativcly saturated.

Healy" stndied synergism for uranium (VI),
thorium, rare earths, actinides and alkaline earth,s
employing TTA in conjunction with different organo
phosphorus esters such as TBI', TO1'O (tri-n-octyl
phosphine oxid,,) and TPP (triphenylphosphate). "l'he
extracted species have been found to be UO,(TTA),S,
UO,(TTA"S., Th(TTA),S, Ca(TTA)2S, I'm (TTA),S"
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Tm(TTA)3S, Am(TTA)):;, and Cll1(TTA)"S" where S
reprl'sents the neutral or~anophosphorus ester. As
the solvating solvent, TBP was replaced by ,'sters
van'ing in basicity from TOPO with its highly polar
1'....0 bond to the wry \\'('"kly basic '1'1'1', the synergic
effcct w"s found to incre"se with incre"sing basicity,
i.e. in the orekr TOPO>TBP>TPP.

An inten'stin~ plll'nollH'non in this n'spect is the
influl'nce of the so-c"lIed inl'rt dilnents on synergic
",tractioll. Jn the synl'rgic sysll'ms M 1"jHTTAjSj
dillll'nt, the ""tr"ct<:d sp,'cies is tl", same, M(TTA)"Sx,
which is indl'jll'nd"nt of tI", dihll'nt but till' (hstri
bution ratio \'ari,'s over "'\','r,,) pow,'!"s of kn, depend
ing on till' diluent used. TIll' synergism inere;IS<'s
in till' following order of dillll'nts: chloro[orm<hl'n
Zenl' < c"rbou tl'lr"chloridc < h,'x;lllt' < cyc!olll'xanc.

Snbse'lllt'ntly, Irving and Edgington '" showed that
thl' uranvl-TTA complex with TIH'O is n'pITSl'nted
by l.:O,X"jTI~PO,H,O. wlll'l" uranium is octa
cllllrdina!t'd, They predict that svnl'!"~ism is possihk
with tri-. penta- and lll'xa\'aknt ions of the octa-co
ordinatell lanthanid,'s and actilli'ks. since here water
displac,'ml'nt is fl'Clsibk, bnt nllt with tdnl\'aknt iuns
wlll'rl' the bi,!<-ntat" clll'lating li~ands will occupy all
the coordination positions, In support of this, tlH'Y
han sllolVn that pIntonillln (V I) extracts as Pu(TTA),,
TBP and neptunium IV) as H:--IpO,ITTA),TIW,
If the clll'latin~ li~and is partly replaced hy a simpk
anion sucil as nitratt', tll{'11 only ~Yll('rgislll is OhSl..'rVl'd

for thorium, neptunium (I V) and plutonilun (I V), Th,'
thorium spl'cics is l'Xpn'ssl'd asThITTA),(l\'O,,),TBP.
Th(TTA),(!\( ),,),TIII'() ;lIlt! TII(TTA),(:\( ),,),.2TBPO.
Thl's(' art' diffl'rent from those reported hv Hmly,
viz, Th(TTA),TIH' and T]I(TTA),TOPO, This dis
agrcl'mcnt is probably dUl' to the stron~l'r compil'xing
of thorium by nitrat" (Irvin~) than by chloridl'
(HealY),

Alt;'rnatives to phosphorus l'st,'rs for prodllcing
syncr~ism ha\'" hel'n fOllnd among certain kl't'lIles,
a'!cohols and amidl's sucll as n-dl'cyl alcohol, ethyl
llexyl alcohol (EHA), ml'thyl-isopropyl ketone,
l\'-h'utylacdauilid" (IIAA), de"'. The extracted
spl'cil's l,a\'" h"en ,!t'scril)('d as Th(TTA),EHA,
Am(TTA),,(EHA)2' I'Il1(TTA)"II~HA)" Am(TTAh·
I~II K)"J'm(TTA)~(;V11K)"Th(TTA),HAA,l\,I(TTAh·
(11.-\:\), and UO,(TTA),HAA. Two altl'rnatiYl's to
TL\ ha\'(~ bel'n tried, \,i{;. X-hydroxyquinoline and
cupferron , hnt both of these sllOwed only limite,l
synergism with THP.

Systems in7'CI/7'illg a dialkyl-plwsplwI'ie acid and a
nellll'al pl/Clsphoms (stC}' - Thl' important systems
in this calt'~ory are generally represented by acid
phosphate (HX)-neutral phosphorus ester (S). Some
examples of this category are: di-2-ethylhexyl-pllos
phoric acid (J)EHPA)-TBP,,1I1,17, n1ono-(2-ethyl
hexyl)-phosphoric acid (H2MEHP)-TBplH, dibutyl
phosphate (J)BJ')-TBl"" and dibntyl phosphate
TOP020 DEH PA-TBP was the first reported case
of synergic extraction.

The position of maximum synergism dl'pends on
the nature of the nentralest,~r (S). The effectiveness
of S incrl'ases in the SlTil's:

(Hl lL,I'( 1< H(Hl '),1'0< 11,(I{o)!'l l< 1(,1'0 ,
pho~Jlhalt~ pho~pholl;l!l: ptlO~ldllllal'· Jlho~pll1ll(' OXIde

which is also the onllT of increasing basicity of the
phosphoryl oxygen'l Synergism has been observed

with plutonium (IV) and (VI) and uranium (VI), but
not with uranium (IV), vanadium (IV), aluminium,
molybdenum, iron, titanium and thorium. The
distribution coefficients in each case rise to maximum
with increasing concentration of S and then decrease.
The latter has been attributed to the increasing
interaction between the acidic and neutral extractant
through hydrogen bonding.

:\Iason and coworkers" studied synergic effects
in the extraction of lanthanides anrl actinides by
mono-(2-ethylhexyl)-phosphoric aci,1 (H2YIEHP) in
combination with a synergist, vir.. n-decanol (DOH),
THP or TOPO. The extraction curves reveal a
region of enhanced extraction in the case of thulium,
yttrium, europium and americium, the maxima
becoming progressi\'c1y more pronounced as the
synergist was varied from n-decanol to TBP to TOPO.
Ylarked differences were observed for lanthanides (III),
thorium (JV) and uranium (VI).

I~l'cl'ntly, Sato l ' reported synergic effect of TBP
in thl' extraction of uranium (VJ) from sulphuric
acid by DEHP. At low acidity (O'I5M) ami
J)EHP concentration <O·03J1;I, the synergic effect is
reversed.

Mechanism of Synergistic Action
Although consirlerable amount "f work has bl'en

,lone to explain the mechanism of synergism, it has
yet to be clearly elucidated. The complexity of the
problem is due to the fact that there arc a large
number of complicated factors involved such as the
role of water, inert diluent, possible change in co
ordination and solvation. In certain cases there may
hc changes in tile self-association in one of the solvents
or there may he more favourable dielectric constants
on the introlluction of a second solvent. In other
cases there may he specific solvation of the species
extracted by the chelating solvent by the second
solvent. It still remains to be ascertained how this
solvation operates.

Irving and Edgingtunl",I:l assumed that the synergic
effect with uranium (VI) depends primarily on a
mechanism whereby water attached to a formally
neutral chdat"d complex MX" (HX=TTA, a bidentate
ligand) is replaced to some extent by a less hydrophilic
group, S (second solvent):
}!X,,(:\ -2n)I 1,0 f,xS~}IX,,(N-2n-x)H,O,xS+xH,O ,.. (1)

wIlt:re N represents the maximum coordination
number (LN,) for the n-valent cation, :'11, and x is the
bidentate ligand. So long as n<Nj2, synergism is
possible, th" maximum number of neutral groups
which could be attached being N -2n. If n=Nj2
synergism will not be possible by the above mecha
nism. Of course, it might still occur by some other
fOute, as pointed out earlier, viz. by partial displace
ment of the chelating groups by simple anions such as
nitrate. These postulates have heen substantiated
by experiments with plutonium (VI), neptunium (V),
thorium (I V), neptunium (IV), plutonium (IV),
plutonium (I II), americium (JlI) and europium (III).
The following are typical reactions for hexavalent
plutonium and tetravalent cation:

l'uO;i'''I) -I- 21IX(o) +TBI'(o)"'PIIO,X,.TI3I'(ol -I- 211iaq) ... (2)

~I(,~ql -I-4HX(o) +"H XO, +"S(OI",:VIX'-n(N03),,·nS(O)
+/HX(o)-I-4H+ ,(3)
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If ollly nlllllllllt-niak TTA \\.,.rl' in\'uh'ed, C.~, for
(II) wmileII1\' 7 and ,'o,I\'dillati\,<' ,atmation \\'ould be
reached by coordinatioll with I 1I10lecnie of watl'r.
Hut this is rllll'd ont since SYIll'rgic coll1plt'xt's arc
inyariably anh\·drons.

Hlakl' :uld hiS gfllllpl Wt'rl' till' lirst to suggl'st the
following lI1l'chanisnl for till' S\slJ'lll HX-j THP,
wherl' HX is til\' dialkylphosphall':

I'l)l' I 2(11~), .. 'I·(),X,.21IX-1 211' ... 15)

t·, ),X,1211 Xl I I{al'l :'>1 I(),X,.211 X ()<--I'I{" .. ·16)

This ill1l'lit's incrl'aSt' in thl' coordination numher
of the uranyl ion.

Kellncdv'and D,'aI1l'" han' shown that dialkd
phosphoric acids, HX !X =(I<O)2P()O), are dinll'ric' ill
inert tliltll'nts so that the prohahk "xtraction medla
nisms for HX-S sysklll arc:

I'();',,,,,)+(II X),,"I I 2St",""(" ',x,.2St,,) ! 2Ht~,,) .. ·Ii)

l;()~'-I 2(IIX),- S""1I0,X,.IIX.S-j i(IIX), I 211' ... (Xl

These can explain tIll' formatiun of the spccit's,
U02(DHI') •. HDHI'.TOI'O as wl'll as U02(DIW)2'
2TOPO. A probable structure for UO.(J)l:\P),.
2TOPO (CN, for U = 6) is:

Further ill\"'stigations I,,\v,' poilllt'd to tht: possibi
lity of replacillg l'itllt'r onc or two of the solvating
HX moh'clllt,s h\ S, the soh-alt' coll1position dqlcnd
ing on tIll' strl'ngt" alld COlln'nlration of St,,20.
Thus, with S= THP and HX -- dihlltylphosphate,
U02X,.HXS i,; lomml ill carbon tetrachlnritk2\
but with HX - di.unylphosphatC', U02X2S and
PuX4S arc found in xyknt,25. Again with S =
phosphine oxide, 1I0.X2S2 is fOllnd in carbon tetra
chloride l '.

Accordiug to ~tasou d liP', till' original t'xlractant,
A, mOllo-(2-dh~:Ihl'x\'I)-phosphoric acid (H.MEHP)
s! converted hy the synergist into an adduct, H, which

struelmes of UO.crTA);rHI' (('.1\,- 6) (I) anll
UO.(TTA).3TBI'O (CN, X) (II) arc suggl'stl'd as:

S = '1'111'0S = TBl' 0" TIlI'O

U01'-j-2HTTA-I.rS = l'(),ITT.-\),S" L2J-1+ ... (4)

on the basis of log l\n (distribution coefficient) versus
log (HTTA) or log (S) keeping two of the three
nriables (H"). (HTTA) and (S) constant at a timt'.
Thus the extracted species aTe \.jO.(TTA).TBP alll]
U02(TTA).(TBPOh According to Healy, probably an
aquo-metal-TTA complex such as U02crTA)2(H20).<
is rendered less hydrophilic by the substitution
of a neutral ester for the H20 group such as
U02crTA);rBp. The neutral ester is probably
attached through 1'=0 bond to T1'A. This is sUF
porteel by the i~olation of water-insoluble crystalline
white thorium and yellow uranium solid complexes
with the expected MITTAITBP ratios.

Later on, Healy and Ferraro'3 isolated stable solid
synergic complexl'S - M/1'1'A/S - from the orga
nic phase and confirmed the formulae by ultra
violet, visible and infrared spectral measurements.
The complexes isolated and identified were:
U02(TTA)2TRP, U02(TTA);roPO, U02(1'TA)2'
(1'01'0)3' U02(TTA)2BAA,Th(TTA)4THP, Th(TTA)4'
TO1'O and Th(TTA)4BAA. From infrared stl\(li,'s,
the reaction of neutral organophosphorus estC'r with
metal-1'TA complexes to form MITTA/S complexes
was found to lead to splitting of the single peak
in the 1600 cm,-I region (coordinated carhonyl,
(=0, , M vibration) into two peaks. One peak
was found at higher frequency and its position varied
with the metal. This means that there is some
uncoordinated (free) 'ITA-carbonyl. The second
peak was observed at the same position as that found
in M/TTA complexes, showing that in the MJTTA/S
complexes part of 1'1'A is still bonckd as in the simple
ITA compounds. Thus, the complexes contain TTA
both as a monl,r"'ntak and bidentatl' ligand. Typical

It appears til at Ol)\' or more molt-cules 01 the
chdating agent are displaced from an already co
orclinatively saturall'tl complex hy nlll" or mnre mo\«
cules of thc neutral donor cnmponent .-- an cquiva\«nt
numher of anions are at the same time coortlinatC'd
to preserve elC'ctroneutrality.

Healyl4 suggested that the rmclion between
uranium (VI) and TTA phIS TBP or TBPO occurs as
follows:

The value of 11 in Eq. (3) increases as the donor
power of S increases and as the stability of the
meta\-TTA complex decreases.

In the case of MH, the octa-coordina1l'd complexes
MX 3(N03)S and MX.(N03)..2S arc represen1l'd as:
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in turn is converted hy furth"r intl'raction with
sYIH·rgist into adduct, C.

The association product, H, (H2MI~HP).(THP)2

lias Iwl'll identifil'd by infran'd and iSflpi('stic nll'asurc
ml'llts2/i ,

III III (1I,\IEIII')(Il'"1)
(1l-tllTan f ,l)
Till' (11,\11':111'),('1'1\1'),

A. (II,\IEIII')< SYlll'r~~1 __)- J~ Srl1~~ r .. (9)
(IWln' dil-din) (I(Oa:-t dT,,!·tiw)

))m.tulnh'(1 fClrl1lulatieln..:
II C

(I I,M Ell 1')(1l01'1),

(I1,MEIII'),(TBI')

pium and promethium give complexe.; of the type
M(TTA)3(THP)2 which are diffcrcnt from other rare
carths such as thulium which givcs ~'!(TTAlaTBP.

Thc \"ast scope for variations in extraction pm~cdures

opened up by synergic and antisynergi: phenom~na

holds many potcntialities for separation techniques.
So far, no gcneral explanation ha'; been givcn for the
phenomcna il1\'ol\"\'d and synergism poses a challeng
ing problem. Considerablc exploratory work is
necessary beforc a satisfactory explanation can
cmergc.
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hwlrogen bonding.

Antisynergism

The fl'vcrs(' phl'IWl11l'1l011 of syllergism, viz. anti
synergism, was notl'd by I1lakl' I't al. for high con
centration of S in HX-S (alkylphosphoric aeirl
organophosphorus ,'skr) sysklll. This was probably
the result of increasing in!l'raction hctwl'l'n the acid
and ncutral extractant through hydrogen hondilig.
II"h"rehy the concl'ntration of th .. fn'" chelating agent
is redncl"] h-ading to smaller distribution cOl'ltb\'nts.
Peppard I't af.27 obs\,rv(·d similar effects in the ('xtrac
tion of Il('ptunium (I V) and thoriulll by H2MEH I'
on the addition of THP. In tIll' TTA-THP system
antisyncrgism was r\'porl\'d by HI'"ly I'! al. 15 on the
addilion of excess TI1P. It is bdi('\w\ that exce;s
of the donor ,,',,"ent n'ducl';; TTA-enol activity and
favours the formation of kl'\ohydratc structure which
in turn lowers the' distribution coefficient. tbe f('sult
ing compl,'x Iwiug nllm: hydrophilic.
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process and the author has successfully condensed the
results of years of research and experience available
in this field without loss of information or clarity.
The author has also given lucid explanations of
complex problems involved in the process, this being
specially true with the chapters dealing with the
mechanism of bonding. As many as 117 popular
technical articles and research papers on the subject
have been condensed and the matter enriched with
the author's own personal experience to make this
book highly informative and useful.

The work on high temperature properties of carbon
dioxide sand has been dealt with exhaustively in
cluding various factors contributing to fettling pro
perties of the sand keeping in view both academic and
practical interests. In addition there are chapters
detailing practical aspects of the process including one
on ' Choice of binder'. The author has spared no
pains while analysing the various aspects of the pro
cess, the areas where further research work is required
for a better understanding of the process.

This book can safely be recommended as a source
of reference to both practical foundrymen and
students alike.

R. M. KHISHNilN

VEHICLE E~lISSIO"S (Selected SA E Papers) (Society
of Automotive Engineers Inc., Kew York), 1964,
Pp. 321. Price £4 lOs.

The word' smog' appears to have been coined during
the London Public Health Conference in 1905 and
is a contraction of the words 'smoke and fog'.
This type of air pollution is known as particulate and
consists of particulated matter suspended in moist
air and occurs mostly during the overcast winter
months and continues day and night while it
lasts.

As contrasted with this, there is the photochemical
smog which is due to the reaction between sunlight
and unsaturated hydrocarbons or olelines with
nitrogen oxides in air. It occurs on sunny, warm
periods during the daylight hours and may last over
5-7 hr.

Photochemical smog causes eye irritation, general
discomfort, poor visibility and plant damage. This
kind of smog is found to he common in southern
California and in particular Los Angeles area where
a combination of photochemical effects of high local
concentration of ozone on excessive hydrocarbon
emission from dense automotive traffic and freCluently
occurring intensive inversion layer due to the topo
graphic and very low normal wind wlocity, have
caused acute smog problems. Both governmental
and non-governmental agencies are working hard
to find ways and means of combating this nuisance.
Diesel fuel (0,12 million gallons) and gasoline (4,5
million gallons) are burned each day in Los Angeles
county. From these figures it is obvious that gaso
line-driven vehicles arc more likely to cause air pollu
tion. ConseCluently, most of the studies are directed
to gasoline vehicle emissions. The book under
review is a compilation of 22 selected papers dealing
with the activities of many organizations which are
engaged in combating the problem of photochemical
smog for more than a decade. The presentation of
the matter in this volume falls into four groups.
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The first group of four papers hrings out the
following facts: Ozone is a suhstantial part of the
oxidant characteristic of smog and automoti\'e ex
haust gas is capable of forming O7.0ne in air ,'ither
by irradiation or by photoclH'mical process in pre
s('nce of N02• Shortly after sunrise the oxidants
start rising amI reach a pl'ak at about midday and
fall off towards til(' l,,'ening and 'Ire practically absent
during nights. Smog occurs in the early after
noons on days when the traffic concentration is ,'ery
intense. During this period, modnate eye irritation
is felt.

A study of driving habits of motorists shows that
IS per cent of the driving time i,; spl'nt on idling,
16 per cent on cruising at about 30 m.p.h., 37 per
cent in accell'rating to 22 m.p.h., and 32 per cent in
decelerating. Most of the tim(', operation is at part
thrott"'. Th('se ar(' rl'sponsihle for (,xcl'ssive hydro
carbon ('mission. An allempt has b('cn made at
drawing up st<lndards for ,'('hiele operation such that
undesirabl(' l'xhaust emissions <In: minimized.

The second group of live papers dmls with the
evaluation of exhaust ('missions. For this purpose
the following up-to-date instruments an: used:
(i) Infrared ga,; an,llys('rs and rl'corders for continuous
estimation of hydrocarbons, CO2 and CO. (ii) Cas
chromatography forestimation of non-oxidized hydro
carbons. (iii) Viscous flow air mekrs, electric-cum
dectronic kmper<ltnre and pressure indicators and
multi-channel recordns uSl'd both in the laboratory
and on the road for a detailed stndy of the exhaust
products.

The findings of the third group of II papers pertain
ing to the influenc(' of engin,', fud and lubricant on
exhaust ('mission arc as follows: Pollution of tht:
fresh charge with residual gas is th(' major fact
causing slow combustion under light load conditions.
Also during d('c(''''ration too much of fuel would be
admitted into the engine. These two an' responsible
for emissions of unburned hydrocarbons. flame
quenching and fud cond('nsation on combustion
chamber walls occur und('r certain operating condi
tions which lead to ('xcessive hydrocarbon emission.
Lean mixtur('s and rdard,'d timing lead to less
hydrocarbon emission, hut the form('r gives heller
and the latter \\'orse fnel ,'collOmy. The comhustion
chamber deposits also incr('ase the I1ydrocarbon
emission. 1'<lrti,d o"i,l<!tion of th('se hydrocarbons
may occur in till' e"h'lIlst pipe if exc,'ss air or oxygen
arc mad(' availahk or if the exhaust is made Cluite
hot by rdarding spark timing. Carburdtor vent
loss('s, sonll'tinll's '"11Ounting to 10 p('r cent of fuel
used, add to the hydl'Ocarbons ,'sc<lping into the
atmosphere'. V.'nt los,,'s arc incr('ased by slow speed
driving in city an'as.

The last group of Ii,'" papers ("'als with the folio\\'
ing methods for till' coutrol of \'('hide ('missions.
Ventilating crankcas<' into the air inl.,t n'duc('s emis
sions from th(' .'ngin('s. Induction "acuum limitiog
devices reduc(' t IH' rich mi"tur(' flow dming d('c,·I,·ra
tion, but it "'ad,; to difliculti.,s \\'hi'" idling.

Th(' ('"haust gas In'atnwnt by catalytic oxida
tion or hy afler-bmn('r,; will r(,duce till' emission of
hydrocarbons. Ilowl'v.'r, life of such devic('s is
limit('d and t Ill' cost "f installation :lnd mainl<'uance
is high.



REVIEWS

Each one of the papers contains valuable informa
tion on modern instrumentation or refined experi
ml'ntal techniqll('s and then' is an exhaustive biblio
graphy in the body as well as at the end of the
\·oh1m!'.

This volunlf' has succeeded in drawing the atten
tion of till' read!'r to the fonnidabil' nature of the
problem of sm0l( ",hich is sure to aH"ct many more
communities in the futun' on account of very fast
ri,,(' in automoti",' tratlie. It has also brought out
clcarlv the enormous amount of work that has
alread~, gone into understanding and solving this
problem. Though thl'r!' was no workable solutIOn
in tlu' year 1962, as a result of continued effort, four
successful exhaust emission control devises for new
cars and onl' for used cars arc now available (SA/;' jt.,
August 1964). There is also a fund of information
useful to the enginel'rs and scientists who are engaged
in the basic studies of combustion in Ie engines.
This volume will be a valuable addition to the scienti
fic and engineering libraries and laboratories.

M. H. K. HAo

FOOD DEHYDRATION: Vol. 2 -- I'IWDUCTS AND TECH
NUI.(J(;Y edited hy W. B. Van Arsdd 8<. M. .I. Copley
(AVI Publishing Co. Inc.. Westport, Connecticut),
1964. 1'1'. xi+721. I'ric!' $ 24.50

Vol. 2 is th" second of the pair of books dl'aling with
food dehydration. Vol. 1 is devoted to discussion
of thl' underlying scientific principles involved in
dehydration.

Drying of foods in onl"r to preserve llH'm in seasons
of surplus for nse in times of scarcity is an ancient
art. The modern !'ra in food dehydration is con
sidered to have begun ahout 1900. Preservation of
foods by dehydration assnmed great importance
during World War II because of space and
",eight saving reatur!'s of dehydrated foods. The
chemistry of the deteriorative changes in stored dehy
drated foods was not well understood at the time and
se\'eral products came into severe criticism. Scienti
fic and technical advances in the latcr years of World
War II and the post-war years add('d much knowledge
in the field of chemistry and ll'chnology of dehydra
tion. Because of improvements in the flavour, tex
ture and shelf-life of dehydrated foods processed by
modern m!'thods, thl'y have regained popularity in
civilian markets. Several n!'w techniques such as
freeze-drying, puff-dryiug and foam-lIlat drying have
been developerl in the last decade. With this back
ground of the development of the induslry, it became
necessary to present the scientific, technical and
engineering achievements in food dehydratiou in a
consolidated manner and this object has been served
by these two volumes on food dehydration.

\'01. 2 is organized into two major sections, one
dealing broadly with principles and practice of food
dehvdration and the other with individual food com
modities. It contains 12 chapters, contributed by
23 collaborators; the chapters are numbered serially
with the 9 chapters of Vol. 1. The te~t contains
77 tables and 21 I illustrations.

Introductory Chapter 10 is a summary .,talt:nwut
of the scientific principl,'s of dehydration. more or
less a recapitulation of sonw of the snbj!'d mattl'r
of Vol. 1. Cbapter II d"als with drying n1l'tl",,1>; and

equipment. Mechanical features of driers, instru
mentation, various types or driers indicating their
special features, anrl evaporators used to pre-con
centrate liquid foods prior to drying are discussed.
Chapter 12, titled' Dehydration plant operation "
contains information which should be of much use to
the operating personnel as it covers various aspects
of material handling, processing and inspection.
Various types of e(]uipment used for preparative
purposes arc ",ell illustrated.

Chapter 13 describes briefly the dehydration of
several vegetables; flow sheet for some of the vege
tables and data on the characteristics of principal
commercial varieties in USA are included. Chapter
14 deals with dehydration of potatoes in various
forms; preparation, processing and quality evaluation
are discussed. Chapter IS gives a brief description
of the processes for the manufacture of instant coffee
and tea; product quality variables in production are
referred to. .

The fast devl'ioping industry of dry soup mixes
forms the subject matter of Chapter 16; quite a few
recipes of dry soup mixes and the pertinent military
specifications have been included. Chapter 17 deals
with sun-drying and dehydration o[ fruits with
special reference to apples, prunes, raisins and cran
berries; post-drying treatment of dried fruits and
their shelf-life arc abo discussed. Chapter 19 de
scribes the dehydration of meat, poultry and sea
foods: emphasis is laid on freeze-drying as having
distinct advantages over conventional air-drying.
Chapter 20 summarizes the scientific and techno
logical progress in the debydration of milk and its
products; product characte~isticsas influenced by the
heat treatment are discussed. The last Chapter 21
deals with dehydration of liquid eggs into egg white,
whole egg and yol k products; influence of drying on
the physico-chemical, microbiological and functional
properties of egg products have been discussed.

Three appendices at the end of the book are con
cerned respectively with peroxidase test, data on
drying and shrinkage ratios of various vegetables,
and glossary of terminology used in the text of the
two volumes.

Consirlering that the editors have attempterl to
rliscuss the technology of dehydration, both in general
terms and with reference to specific commodities, this
volume is fairly comprehensive. It would be of great
use to the various groups involved in research, quality
control and production of dehydrated foods. The
large number of illustrations increases the usefulness
of this book for the production personnel.

D. S. BHATIA

METHODS OF ENZYMATIC ANALYSIS edited by
H. U. Bergmeyer (Academic Press Inc., New York,
aud Verlag Chemie, GmbH, WeinheimjBergstr.),
1963. Pp. xxiii+I064. Price $30.00

This volume is intended to be a laboratory manual
giving working directions of various methods in
enzymatic analysis described by over one hundred
authors professionally competent in their respec
tive fields. It is divided into four sections. In
Section A, the general principles of a'iSay of
enzymes are described, as also the experimental
techniques such ,lS handling biochemical reagents,
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former as it is capable of a precision of 0·0005 per
cent in chlorinity. The modern salinometers yield
results with reproducibility better than 0,01 0/00 in
salinity. The relationship between conductivity and
density is reasonably linear, but the rdationship
between chlorinity and density shows several times
more scatter.

In 'Gulf Stream 1960', Fuglister summarizes the
results of the studies undertaken by the Woods Hole
Oceanographic Institution during the spring of 1960
on Gulf Stream. The investigations include the
study of the path of the Gulf Stream, observations of
deep currents with Swallow floats, temperature,
!'alinity and oxygen profiles, velocity and transport
studies, etc. (generally accepted value for transport,
70x 106 m.'/sec.).

The volume is attractively produced and would
be a valuable addition to any scientific library.

U. ASWATHANARAYANA

PUBLICATIONS RECEIVED

RADIATION SOU!{CES edited by A. Charlesby (Perga
mon Press Ltd, Oxford), 1964. Pp. vii+268.
Price 80s.

PlllNCIPLES OF OPTICS - ELECTROMAGNETIC THEORY
OF PROPAGATION, INTEllFERENCE AND DIFFRAC
TION OF LIGHT by Max Born & Emil Wolf with
contribution by A. B. Bhatia (Pergamon Press
Ltd, Oxford), 1964. Pp. xxviii+808. Price £ 6

DISLOCATIONS - International Series of Monographs
on Solid State Physics by J. Friedel (Pergamon
Press Ltd, Oxford), 1964. Pp. xxi+491. Price £6

DIGITAL DIFFERENTIAL ANALYSERS by A. V. Shileiko;
translated from the Russian by D. P. Barrett
(Pergamon Press Ltd, Oxford), 1964. Pp. vi+ 111.
Priee 45s.

FLUID DYNAMICS TRANSACTIONS: Vol. I, edited by
W. Fiszdon (Pergamon Press Ltd, Oxford), 1964.
Pp. 397. Price £ 5

INTEGRATION OF EQUATIONS OF PARABOLIC TYPE
BY THE METHOD OF NETS by V. K. Saul'yev;
translated from the Russian by G. J. Tee (Perga
mon Press Ltd, Oxford), 1964. Pp. xvii+346.
Price 80s.
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DIAMOND ABRASIVES AND TOOLS editt-d b\' John
Burls (Pergamon Pn'ss Ltd, Oxford): i964.
I'p. x+127. PriC(' 50s.

SOLAI{ I'LA'lIA (;EOMAI;NETISll ANI) AI;!WIL\ bv
S.\'lhwv Chapman (iordon <'\: Breach Scienc'e
Pnhlishers, New York), 1964. Pp. x ,··141. Price
$ 1.95 (paper); S 4.95 (cloth)

LEC1THES 0:-/ Mi\I;:-/ETIl/OXIC THEOHV bv K. G.
Hudden (Conlon <'\: Bread, Science Pllhlishers,
New York), 1964. I'p. xiv'I-82. Price S 1.95
(paper); S 3.95 (doth)

L'EFI·'E'I' MOSSBAI'EH ET SES AI'I'I.IC.-\TlON AI'I~TL'IJE
ill'S CHAllpS INTEHXES by A. Ahragam (Cordon
<'\: Breach S"i,'!H'" Publisher,;, New York), 1964.
Pp. viii-I-70. Price S1·95 (pap,'r); S3.95 (cloth)

BASIl' TECHNICAl. M.\TI-IElIATlCS WITH c..\LCI·IXS In'
Allyn N. Washington (Addison-Wesl,'.\' Pnhlishing
Co.),1964. I'p. xii'I-595. Price £8.75

NEW TYPES OF METAL l'oWI>E!{ edited bv Henry H.
Hausner (Cordon <'\: Breach Sci,'nce Pnblishc'r.s,
New York), 1964. I'p. ix-I-167. Price S 3.95

bTHOl>lfCTlON TO hFIL\HEIJ ANIJ I<AlI,\X SI'ECTIW'
SCOPY by N. B. Colthup, L. H. Daly t'\: Sll'phl'n
W. Wiberll'v (Al'a,h-mic Press Inc., New York),
1964. I'p. xii+511. Price £ 12.00

PHYSICAl. ELECTlWN(('S bv (;. F. Alfrc\' (\'an
Nostrand Book Co., London), 1964. Pp. 208.
Price 45s.

JHUN METABOLlSll edited bv F. Cross (Springer
Verlag, Ikrlin), 1964. Pp. xi+629. Price 45 D~[

(doth)
!NFUHMAL I'IWCEEIlDl(;S OF THI, BllJlL !:-:TEH

NATIONAl. CONFEHENCE O~ MATEIHAI.S - TIL\XSI
TION METAL CmIPOUNIJS, THANSP()HT AKIl N!.v;
NETIC PIWpEHTIES editcd by E. 1<. Schatz
(Gordon & Breach Science Publishers, New
York), 1964. Pp. vii+ 136. Price $ 5.00 (paper);
$ 9.50 (cloth)

MILLING METHODS 1:-1 THE AMEHIC\S edited bv
Nathaniel Arbiter (Gordon & Breach Scienc'e
Publishers, New York). 1964. Pp. viii+486.
Price $ 7.50 (paper); $ 11.50 (cloth)

BIOLOGICAL CONTIWL OF INSECTS, PESTS AKIJ \VEEDS
edited hy Paul De Bach (Reinhold Puhlishing
Corp., New York), [964. I'p. xxiv+844. Price
$ 22.50



NOTES & NEWSFerroelectric behaviour of ice

In\"l'stigations condllcted at til('
Techlliscke Hochschuh', :l'llInich,
ha\'e gin'n l'\'idenCl' for th,· [erro
('\ectric nature of iCl' for tilt' tirst
time. SlIbstances which contain
hnlrogen bonds bdw""n two ()
atom, (e.g. I~ochelle salt) exhibit
ferroelectric property and tllis is
explained as dlle (0 the proton
jumping frol11 one possible position
het ween the ()-alom, to the ot her.
It i, known lhat ice colltains hydro
gen bonds of the abm'e typ,: and
so it was expected to 1)(' [erroelt-ctnc
in r('\"\'ant lemperature regions.
Bllt till now (here has b,'('n no
e\'idence for th,' ferroelectric natlln'
of icc. In til(' observations made
at :l'lunich, the ferrol'1ectric c1larac
tel' has been obsernd at a wry
low temperature (lOO·'l\.) with a
relaxation time of tilt' order of
hour,. It is dll(' to tilt' large vallie
of ti,l' relaxation time that the
ferrrwiectric prop('rty of ice collid
not he observed earlier. It has
been no\('d that the ferroelectric
behaviour of icc could Iwobtained
onlv if till, wall'r IIsed for till,
cry~tal growth wa, not extremely
pur,·. This shows that foreign
atoms promote the appearancl' of
ferroelectricity. It is not elear
whether this infhll'nce is dill' to a
shorll'ning of the relaxation time
of the ferroelectric polarization or
whether tilt' foreign atoms th('m
seh'es contribute to the cbarge ,lis
placement [/'hys. Lclt., 9 (1'J64),
291].

Element 104

The discovery of a new transnra
nium element, element 104, has
been n'(;elllly reported by the
J<ussian research workers at ti,e
Joint ~uclear Hesear~h Institllte,
Dl1bna. Eleml'11t H)ol. wa, pru
dllced by bombarding plutonillill
232 with heavy particle, of ionized
neon-22. It ha, an atoillic weight
of 260 and a half-life of 0·3 sec.
lIs other physical and chemical
properties an' IInder stlldy [New
Scientist, 23 (1964), 650].

A new chemiluminescent
reaction

A new kind of chemiluminescent
reaction which involves removal
of an electron from the radical
anion of a floureseent species hy

,uitable oxidi7.ing agents promises
to be one of the most general types
of chrmiluminescent reactions
known. The reaction apparently
involves removal of an electron
from the highest bonding orbital
rather than from the anti bonding
orhital.

Potassium diphrnylanthranelide
(K '[WA-), prepared by reacting
slight exccss of diphenylanthracene
with potassium in boiling tetra
hydrofuran, givps a bright blue
chemilumine,cence when reacted
with 9,IO-dichlorodiphenylanthra
cene (DAPCI 2). [n another experi
ment it was found that sodium
naphthalenide undergoes a similar
reaction with DAPCI 2• To explain
these reactions it is suggested that
thc DA PCl radical formed as an
intcrmcdiate can be reduced further
to an excited state (DPA*+CI-) by
a good reducing agent such as
DPA- or C,O H:;. The rapid chemi
luminescent reaction of K+DPA
with chlorine has also been ex
plained on a similar reasoning.
Howcver, bright chemilumines
cence which also accompanies in
the reaction between K' DPA
with other oxidi7.ing agents, viz.
Iwnwyl peroxide, oxalyl chloride,
mercuric chloride and aluminium
chloride, cannot be explained as
involving the intermediate DAPCI
radical. To account for this, it
is suggested that the reaction of a
good quenching oxidi7jng agent
with DPA' can produce singlet
excited DPA; no triplet state is
involved. The nature of the oxi
dant also influences the lumines
cent reaction. For instance, the
acridone ketyl which luminesces
brightly on reacting with benzoyl
peroxide gives no light when
reacted with the analogous lauroyl
peroxide. This might be due to a
difference in the available orbitals
in the two peroxides [Chem. El1gng
News, 42 (35) (1964). 32].

Nature of the iron-oxygen
bond in oxyhaemoglobin

The structure of oxyhaemoglo
bin (and related haemoglobin com
pounds) has been proposed as (I)

by Prof. Linus Pauling of the
California Institute of Technology,
Big Sur, Calif., USA. The struc
ture (II) proposed earlier by J. J.
Weiss assumes that oxyhaemo
globin is haemoglobin peroxide,
with the iron atom in the ferric
state and the oxygen molecule
present as an O2 ion, which is
then taken up in the coordination
shell of the ferric ion. The dot in
the structure (II) represents not an
electron but some sort of bond.

II

Oxyhaemoglobin is diamagnetic
and the definition of oxidation
number requires that the iron
atom in any diamagnetic molecule
has an even oxidation number.
I t is accordingly not possible to be
described as ferric (oxidation num
ber, 3+). In the structure (I)
proposed by Prof. Pauling, the
iron atom forms a triple bond with
the carbon atom, and the outer
oxygen atom or nitrogen atom has
a negative electric charge. Oxy
haemoglobin and related haemo
globin compounds thus contain
(i) ferrous iron rather than ferric
iron, (ii) their electronic structure
involves essentially the formation
of a double bond between the iron
atom and the nearby oxygen atom
in oxyhaemoglobin (with the iron
oxygen-oxygen bond angle about
120°), and (iii) a triple bond to the
carbon atom in carbonmonoxy
haemoglobin and the haemoglobin
isocyanides (with iron-carbon-oxy
gen or nitrogen bond angle 180T
The iron-oxygen and iron-carbon
interatomic distances in these com
pounds are predicted to have the
values corresponding to these
multiple bonds.

The negative charge assigned to
the outer oxygen atom in struc
ture (I) can be accounted for on
the basis of the structure of myo
globin as determined hy Kendrew.
The structure (I) assigned places a
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Chart 1

F. Gihson !Hiochem.}., 90 (1964),
256] has established the ,tructure
of chorismic acid as the 3-enolpyn:
vic ether of trans-3,4-dihydroxy
cyclohexa-1,5-diene carhoxylic
acid. The barium salt, on warm
ing, was readily converted into a
mixture of prepl1('o;, t(' and 4-hy-

TIll' Inslilute c(·lehrakd its
Colden Jubilee during the year
under n'view. :I1ajor "IUlts of
Ihe Cl'!<'!>ralions wt'l'e a science
symposium, Fifti('th Annin·rsary
J.('cture by Sir John Cockcraft, and
a SlTies of talks presenling the
accounl of the r('searclws carried
out in Ihe Inslitutl'. With a \'iew

Progress Reports

Melloll ltlstitute

the pn'S!'ncI' of an inhihitor like
chioramplll'nicol the hulk of the
lal)('1 appears iu IIIl' 25s and 19s
parlich's and lillIe, if any, in Ihe
30s and 50s suhuuits_ Similarl\',
Ihe pn'S('nCl' of fturouracil re'mlts
in til<' aCClnnulation of radioacti
vity aronndlill' 30s rl'l.;ion It-hich is
actually composed of at least two
dislinct compllll<'nts of 32s and
2Xs and \\-hich contains Ihe 17s and
22-23s IU\A. The' C~I particles'
and Ihe 'FU parlicles' hal'e a
Sl''1Ul'ntial noJatinnship and \\-hen
the inhihitors han' heen remol'ed
and til<' cells incuhated fmther,
the entin' radioacti,-itv from the
inkrnwdiary parlicles -migraks 10
Ihl' 30s and 50s suhunits.

These results ha\'l' I)('en inler
preted to indicate Ihe following
skI'S as the stages in Ihe formation
of rihosomal subunits: (I) the
formalion of fr",:' rihosomal ' IC\.-\
of IIIl' size 17s and 22-23s which is
prohahly th,' first phaS(' of riho
some synllil'sis; (2) the formation
of' CM particles' (25s and 19s) and
Illl'n the' FU particles' (32s and
2Xs) which can also 1)(' ,!<-ll'cled
under normal condilions at dif
f"rent periods of incuhation after
15 sec. and hefore 10 min.; and
(3) Ihe formation of 30s and 50s
subunils, Ihrough till' inlernwdiary
particles 38s and 43s hefore the
clllnpletion of the 50s subunit.

It is helinred that the prolein
moll'ClI!<'s hecome associakd in a
skpwise fashion 10 Ihe rihosomal
I{NA mo!<'cu!<'s which hal'e been
dl'lecled in Ihe fully comp!<-ted
stage at a vny early slage of ribo
sonll' synthesis. Though a prob
ahl,' modification in the secondary
stl'llclnn: of ' rihosomal ' Hl\A has
I",en "nl'isaged at a later stage of
rihosonw synthesis, the formal ion
of ','osonw' or ' untinishe(l pol\'
nnclmtid," as Ihe first sll'p has
I",en contratlicletl.- C_ P,IIJ\LI:"'_-I
BILl:"'

An aggregate of the rihoslllnal
subunits gi\'es rise to polyriho
som('s, which have been implicat<-d
as the actual sites of protein syn
thesis. However, ,wy lill!<- is
known n'ganling the skI'S II'ading
to the formation of the rihosomal
subunits (30s and 50s partic!<-s
containing 16s and 23s ){NA).
An earlier concept IBritten, It J..
McCarthy, H. .J. &. Hoherts, H. B.,
Biophys. .f., 2 (1962). 83J holds
that the formation of ' eosome ' or
free 'unfinished' polynucleotides
is the primary skI' in the origin
of the ribo,omal subunits.

Kono and Osawa [Hiochim. hi,,
pltys. Acta, 87 (1964), 326] have pul
forward certain other e\,idl'net's
to clarify the question of ribosome
formation. Esch. c"li cells in' shift
up' culture, a condition unckr
which there is little messenger HNA
synthesis but where a preferential
synthesis of rihosomal and soluble
HNA can take place, have heen
allowed to incorporate (H")-adeno
sine or _(8-CJ4)-adenine for various
inten'als of time. The incorpora
tion of the label into the I'arious
particles ohtained hy sedinwntat ion
analysis of the cdl extract with
sucrose density gradient centri
fugation has been e\'aluall'd.

The results indicate that afll-r
15 sec. of contact with Ill<' isolope.
two components of ahont 17s anti
22s becoml' lahelled. With increa,,'
in the period of contact with the
isotope, newer peaks appear COlTe:'
pondinl{ to 255, 29s, 32s and 3Xs_
After iD-15 min_ of incubatinn,
the bnlk of the radioactivity can
be detected in 30s and 50s suhunit,;
and some in 4s HN A. It has heen
shown that the earliest lal>l'lkd
particles (17s and 225) are fn'"
'rihosomal' HNA IMitsui, H., Ishi
hava, A. &. Osawa. S.. Ui"chilll.
binphys. Acta, 76 (1963). 401]. lu

Intermediary steps of
ribosome formation in
Esch. coli

droxyhenzoate. UIH!t-r acid con
ditions the prephenic acid was
further converted into plH'nylpyru
vic acid.

The isolation and charackriza
tion of chorismic acid, and ils
enzymatic conversion to sen'ral
aromatic compounlls, is bound to
stimulate acth'e research in the
field of aromatic hiosynthesi".-
V. C. JOSHI

.j.
Tyrosine

1
Phenylalanine-

Shikimic acid-5-phosphate
.j.

3-Enolpyruvyl shikimic acid-S-phosphah'
.j.
COOH
I

/,
II I
"'-/", ",.CH,

I O-C-COOH
OH

4-Hyc}roxy-+-Chorismic acid -? 4-;\ mino-
hen zoic acid 1 1 benzoic acid

Prephenic acid Anthranilic acid
.j..j. .j.

Pht'nylpyrl1- 4-Hyuroxy- Tryptophan
vic acid phenylpyru-

vic acid

These observations suggest that
there is at least one further common
intermediate beyond 3-enolpyruvyl
shikimic acid-5-phosphate.

A new intermediate in aromatic
biosynthesis, named chorismic acid,
has been isolated recently I(;ibson,
M. I. & Gibson, r., Riocltem. j., 90
(1964),248]. This was made poss
ible by the isolation of an auxotroph
of Aerobacter aerogenes (strain 62-1)
which accumulates chorismic acid.
Chorismic acid \ntS also formed
from shikimic acid bv cell-frt'e
extracts of strain 62-1. 'The au.\O
troph also accumulated anthranilic
acid and presumably had a block
in the conversion of chorismic acid
to prephenic acid or prephenic acid
to phenylpyruvic acid. Chorismic
acid has heen shown to be con
verted enzymatically into anthra
nilic acid in the presence of gluta
mine and cell-free extract of ,train
62-1. Chorismic acid was also con
verted enzymatically to prephenic
acid, phenylpyruvic acid and 4
hydroxyphenylpyru\'ic acid by
wild strain of A. aerogenes in the
absence of glutamine. It was also
converted enzymatically to 4-hy
droxybenzoic acid by the strain
62-1. Based on these results these
authors have outlined a pathway
of biosynthesis 01 aromatic com
pounds as shown in Chart I.
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to finding til<' solntion of the mani
fold problems inlwrent in a f.,pidly
el'oh'ing technological socidy, the
Carnegi" Institute of Technology,
the L'niwrsity of Pittshmgh and
Mellon Institnlt' hal'(' tah'n steps
to pool their inklkctnal and
phsical I"<'sonrCl"s. ~1orl" th"n 150
research paper,.; cOHring the fidds
such as theon'tic"l chemistry, or
ganic chemistry, contininnm phy
sics, metal physics and nll'tallnrgy,
hiochl'mistrv, dc., weI"<' pnblished
during thl" year 1')63.

In the following is gin'n brid
account of res"arch stndies carried
out in the lnstitu«'.

Theorclical cltfl1listrv - It has
been found that ;, jurlicions appli
cation of th" principles of mole
cular orbital theory and its simpli
fication, ligand li"ld th('ory, can
yield a striking clarification to the
various coloms exhibited by tran
sition metal ions. The optical
rotatary power of Cl"rtain inorganic
and organic componnds has been
assigned to local field asymmetries
ahout certain centres in these
materials. This assignment has
led to a fruitful and pictorial de
scription of rotatory ability and
also of dichroism. Procedures for
obtaining accnrate solutions to the
molecular Schrodinger equation
hal'e been furthr'r improved with
the incorporation of Monte Carlo
integration techniques and with
the del'elopment of an r'xtrapola
tion method which permits one to
estimate true energy eigenvalue
with exceptional accuracy. Work
on the H; system has been con
cluded and it is noll' possible to
state that this molecule ion exists
in the e<]uilateral triangular con
figuration with a bond length of
1·68 Bohr radii and an energy,
relative to infinitely separated par
ticles, of -1·37 atomic units.
The entire energy surfaces for the
isosceles systems H; and H;+ have
been determined accurately by
calculation.

Continllllm and 1JIoiecIIlar physics
and spectroscopy-In the course of
studies on the axiomatization of
thermodynamics, mathematical me
thods 1I"L';'e developed for finding the
restrictions which the Second Law
places on constitutive equations. A
special frictionless creep instrument
employing a levitated rotor and an
eddy-current drive has he('n de
signed and built for use in ('xplor
ing the elastic component of creep,
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which is normally masked by
viscons flolV in linear amorphous
polymers.

The electron spin ]"('sonance
studies on the structure of free
radicals produced by ionizing radia
tions have revealed that the vinyl
and cyclohexyl radicals undergo
conformational changes at frequen
ciesof 10" and 10" c.p.s. respectively.
The kinetic studies using ESR
methods hOI\"(' been developed to
til(' point where direct measure
ment of the radical lifetimes arc
possible.

A nell' vacuum ultraviolet spec
trophotometer having low disper
sion (8 A.jmm.; resolution ~, 0·12
A.) has been fabricated with a view
to obtaining absorption spectra
of systems which 1,aye electronic
tran~itions of interest lying beyond
the range of most commercial
instruments. It will now be pos
sible to show as to how the elec
trons of ammonia are perturbed
by tile formation of metal-liquid
ammonia solution. The other in
struments for use in spectroscopy
work eithpr completed or nearing
completion arc: (i) ultrarapid scan
ning infrared spectrometer, and
(ii) electron spectrometer for study
ing the scattering of electrons by
molecular gases.

Stmctllre and properlies of -in
organic and organic materials
Studies on the formation of com
plex compounds have given inter
esting results, Infrared study of
11('" metal-nitrosyl derivatives,
lCsH,MnCONOj., [C,HsCr(No),J..
has indicated the presence of
bridging nitrosyl groups, the exist
ence of which had previously been
doubtful. The cycloheptatrienyl
derivatives have also been prepared
which contain a new type of metal
cycloheptatrienyl bond with only
three-carbon atoms of the ring
bonded to the metal atom rather
than all seven as in the previously
reported compounds, CsHsVC7H 7
and C7H7V(CO)3'

In the field of synthetic organic
chemistry, successful synthesis of a
few diterpenes and diterpene alka
loids, cyclononatrienes, strained
systems and certain psuedo-aro
matic compounds have been
achieved.

NIlclear magnetic resonance spec
tnt of a number of olifinic com
pounds have been recorded and
analysed completely in terms of
fundamental NMR parameters,

chemical shift and coupling con
stant. The same technique has
been extended to studies of buta
diene-like compounds. The effect
of ring si7.e on the nuclear magnetic
reson;ll1ce shifts of the saturated
cyclic hydrocarbons from cyclo
propane to cycloheptadecane has
been studied. No correlation could
be found between the carbon and
hydrogen shifts. It was also ob
served that for cyclopropane the
carbon and hydrogen shifts were
quite high compared to other
mrmbers of the series. This fact
has been tentatively ascribed to an
effective ring current in the three
lIlembered ring.

lnvestifiations on polymer systems
-A novel initiator Ol-phenylethyl
potassium has been developed for
the synthesis of linear monodis
perse polystyrene with the proton
end group structure. These macro
molecular polystyryl potassium
compound; react readily and stoi
chiometrically with suitable tetra
functional terminators to form the

'desired monodisperse tetrafunc
tional star molecules, without the
complication of minor side reac
tions encountered in reactions of
polymeric anions with multifunc
tional terminators. The study of
these polymers is likely to yield
valuable insights into the influence
of structure on physical properties,
For the first time, a soluble poly
cyclopentadiene with relatively
high molecular weight has been
obtained using a new homogeneous
catalyst system, which is con
veniently formed in situ. Elucida
tion of the structure of this poly
mer has shown that it is formed
predominantly by 1,4-addition,
This rigid polymer with active
double bonds derived from a
readily available inexpensive mono
lIler could be a valuable inter
mediate for the further preparation
of polymeric substances having
useful thermal and electrical pro
perties. Some of the other prob
lems which are being pursued in
elude: properties of dilute polymer
solutions, crystallization of poly
mers, branched polystyrenes, acry
lic resins, silicones, and ultrapure
polymers.

Tropical Products Institute, UK

The annual report of the Insti
tnte for the year 1963 reveah
that besides the major projecton the
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Gallenham~
FLAME PHOTOMETER
MARK 2

sti II faster - more conven ient

accu rate determ inations
of sodium and potassium

* Accurate readings in 5 sec.

* Sodium 2 ppm full scale

* Potassium 5 ppm full scale

* Tropicalized photocell

* Immediate operation, no warming up

* Operates on town or bottled gas

* Easy servicing and cleaning

applications
Sodium and potassium determinations in:

Biochemical samples. pharmaceuticals. cosmetics, foods

Plant and animal tissues

fertilizers. soils, water, oils

Cement, glass, ceramics and many other materials

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

Potassium S ppm (0.125 mE/I) for full scale deflection

Sample uptake rate: " ml/min.

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

Repeatability: I per cent

Ask for Publication 616

TECHNICO HOUSE, CHRISTOPHER STREET

LONDON E.C.2

Accredited Agents

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

SAVOY CHAMBERS, WALLACE STREET, BOMBAY I
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1
DOES THE GREEN FLAG MOVE THE TRAIN P

Nol really, dear p••••ng.rl II onl, signifi•• Ih. fin.1 mom.nt of r••dine•• for action. The
shrill whistle pi.rc.s through the f.mili.r din, the 1I.1t is w.v.d .nd Ih. Ir.in .te.ms out, wilh
you in il. H.v. you wond.r.d wh.t go.s on b.hind the sc.ne., to keep the tr.in moving?

Op.r.ling d.t.il. h.v. to be conv.yed qulckl, 10 m.n.t Headqu.rter. who think on th.ir fe.t.
Difler.nt .t.tions h.v. to be f.d conlinuou.l, with inform.lion .bout train mov.menta.
Good. tr.in. h.v. to be m.rsh.lled .nd, in Ih. case of breaches or c,c1one•• on-Ihe-.pol
communic.lion. h.v. to b•••Iabli.h.d for rapid r••loration of through-running.

For Ihe•• vil.1 I.sk., r.li.ble communicallon n.twork. are indispensable and, Ihe Railways
get from BEL exaclly wh.t th.y want - Multichann.1 Radio links and a range of high qualit,
communication .quipmenl. BEL h.lp. Ihe Railw.ys to help ,ou.

@) iiluiTIiU:ioo;ri'ill~~ lL!lD,
REGD. OFFICE . .JA~HAL.L.I-eANGAL.ORC:
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FERRIC CHlORI~E

.•CAUVERV'brandCHEMICALS
for Indian Industry

Made according to modern methods ... on modern eqUlP

ment ...by fully-trained operating crews.CAUVERY brand

chemlcaJs can always be depended· upon for their" high

Quality and constant uniformity.;' /18\ THE METIUR CHEMICAl & INDUSTRiAl CORPORATION LIMITED
t·, Mettu," Dam 11I.5. Salem Dt. ,

[;.1: .;;,.;_.~~;{ ·_:,::;\r.r.'1>""::.:~notlnt Afe/lu: SESHASAYH BR.OTHERS PRIVATE LIMITED

._~ '"II .. ''' O1\.. ~'"

NEWERA IN GRAPH PAPER INDUSTRY
t

SECTIONAL GRAPH PAPER IN ROLLS
STRIP RECORDING CHARTS
ARE NOW MANUFACTURED

1st TIME IN INDIA

*CHHENNA CORPORATION
P.O.aOX1728 - DELHI-6

Rama Pubs.

ISIR-FEBRUARY '965 A25
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Imagine a world without colour-a light-and-shadow world instead or
our multi-hued universe. Colour implies life, vigour, variety ..•
Prir.1itivc man realised the significance of colour and made it very much
a pJrl 0: his life. He incorporated it in ritual. He used it for adornment or
to make himself fearsome in battle.
Modern man uses colour even mote-to make life varied and joyrul
with bright colour schemes for homes, offices, automobiles- and beautiful
illustrated magazines, multi·coloured rubber and plastic articles.
All these and many others need pigments, ;md more so organic pigments
such as those manufactured by COLOUR·CilEM.
Textile printers use organic pigment emulsions as well as synthetic binder
materials. both of which COLOUR·CHEM were the first to manufacture
in India. With the technical knowledge of Germany's leaders in the ficld- . '"

~.....,
f-"ARRENFAHRIKEN BAYER AG. and rARBW[RKE JlOECIlST AG.- f./?:
and skill born of experience and unceasing research, COlOUR·CIIEM {~;:;
continue to manufacture the finest quality products. t·, "';'

UNQUESTIONABLY~'
. ~n"; ~4N':{:~

X

COLOUR-CHEM
Distributed through.-
• CHIKA LlMLTED. Mehta Chambers, 13, Mathew Road, Bombay-4,
• HOECHST DYES & CHEMICALS LTD..

Parekh Maha!, Veer Nariman Road, Bombay-I.
• INDOKEM PRtVATE LTD., 221, Dadabhoy Naoroji Road, Bombay-I.

ltdMt'ibBI (Backed by 100 years ofGerman experience)
...:..:....d_ COLOUR·CHEM LIMITED

Fort House, 221. Dadabhoy Naoroji Road.
Fort. Bombay-I.
Makers ofPigments'" Bindas

in collaboration with
FARBENFABRIKEN BAYER AG., Leverkusen. West Germany; and
FARBWERKE HOECHST AG., Frankfurt, West Germany.
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S. H. KELKAR & CO. (PRIVATE) LTD.
DEVAKARAN MANSION, 36 MANGALDAS ROAD

BOMBAY 2

(;';0111: 'S.\ClIEWOI(KS·. BO~IIl.\Y-Di\D.\R

Manufacturers of

NATURAL ESSENTIAL OILS, AROMATIC CHEMICALS, RESINOIDS

& WELL-KNOWN •COBRA BRAND' PERFUMES, USEFUL

FOR ALL COSMETIC & TOILET PERFUMES SUCH

AS HAIR OILS, BRILLIANTINES, SOAPS,

AGARBATTIES, FACE POWDERS, ETC.

FOR S:\\IPLE AND PH ICE. PLEASE WRITE TO THE ABOVE :\DDRESS

SETT & DE
16 Ganesh Chandra Avenue

Calcutta 13
Phone: 23-9588

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

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

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

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

for

LABORATORY AND INDUSTRY

OUR SERVICE DEPARTMENT IS ALSO AT YOUR DISPOSAL

'SIR-FEBRUARY 1%5 A27



OPT I C A-I NT ERN A T ION A L

RESEARCH MICROSCOPE

Large and heavy stand with wide body tube suitable
for microphotography

Coarse and fine focussing arrangements

Mechanical stage semibuilt-in type of the latest design

Substage with 2-lens condenser with iris diaphragm
movable by rack and pinion

Three achromatic objectives - lOx, 4Sx and IOOx oil
immersion

Two huyghenian eyepieces - Sx and lOx

Instruments and Equipment for Education,
Research and Industry

INTERNATIONAL
AGENCIES

79 GHOGA STREET, FORT, BOMBAY I

RESEARCH MICROSCOPE Gram: 'SCIENAPP , Phone: 253753

A28

COR NING~AND

LABORATORY GLASSWARE

manufactured by

BOROSIL GLASS WORKS LTD.• BOMBAY

available from ready stock

Please contact
STOCKISTS & DISTRIBUTORS

LABORATORY FURNISHERS
DHUN MANSION, 186C VINCENT ROAD, DADAR, BOMBAY 14

Branch Office: Kapasia Bazar, Ahmedabad 2
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. Pintsch Bamag AG, West Germar~f

Sales Representatives:

MOTWANE
PRIVAT. LIMIT.D
127 M.hal'nI G.ndhi R*. POll BOll No. 1312 Bombay-1
PhOl1': 252337.Gratnl: 'CHIPHONE' .11 oftien· Branch.s al;
New Dtlhi. c.lc:uttl. LUCMow. Kanpur, Mielru"'teI Banlllil1or..

G\\J€.
EFFlC'ENCY

A LIFT WITH

~
lNTSCHBAMAG
MATERIAL HANDLING

EQUIPMENT
..... ~8C.

o Electric Hoists 0 Lifting Magnets 0
Electromagnetic Belt Separators 0 Electro'
magnetic Clutches and Brakes
Experience of the last several years is wedded
to knowledge of foday for Motwane to bring
you the finest in material handling equipment
lor steel, machine tool, shipbuilding, trans·
port, paper, rubber, textile and woodworking
industries. We place this invaluable experi
ence at your service with our wide range of
PINTSCH BAMAG material handling equip
ment of international fame.

JSIR-FEBRUARY 1'165 A29
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80H LABORATORY CHEMICALS AND REAGENTS

KNOWN THE WORLD OVER FOR THEIR EXCEPTIONAL
RELIABILITY AND CONSISTENTLY HIGH QUALITY
• Organic & Inorganic chemicals. 'AnalaR' chemicals. Alfloc solutions. Indlcaton
• Test papen and Indicator papers. Microscopical stains and staining solutions
• Micro-analytical reagents. Testing outfiu

BIIBH-II
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ONLY Variac·
OFFERS YOU
SUCH AGUARANTEE

----"",----------_.,

MOTWAilE VARIAC AUTOTRANSFORMERS
Made under Ii,:.nce from General Radio Company U.S.A.,
Variac Cont:nCMly Adjustable Autotransformer with
Duratrak*Surface is your best answer to ac voltage control for
heat, light, power, speed. Variac is your assurance of years of trouble-free service.

Variac" IS PREFERRED BECAUSE OF

HIGH EFFICIENCY-low-loss VARIAC Auto
transformers de not dissipate large amounts of
power as do resistive controls.

SMOOTH CONTINUOUS CONTROL-
Carbon brush taps off any amount of voltage
applied to winding that is wanted; adjustment
range is 0 to 11710 of line voltage.

GOOD REGULATION-output voltage is sub
stantially independent of current drawn.

@lndianRelisuredTude Mark No. 1892..3

• U. S. Patent No. 2919592

Made in India by:

MOTWANE
PRIVATE LIMITED
127 Mahatma Gandhi Road. Posl BOl No. 1312 Bombay.l
Phone: 2523Jl.GI~ms: 'CHIPHONE' all office5 • Branches at;

Ntw Q.~hi. C.Ic\llt" lucknow, Klnpur, Mldras ilnd Bangalore.

fSIR-FEBRUARY 1965

EXTRA·LONG LIFE - patented DURATRAK
contact surface eliminates brush-track oxidation
problems.

HIGH OVERLOAD CAPACITY - thanks to
DURATRAK, short-term overloads up to 1000%
of rated current can be tolerated by VARIAC
AutotransformE!is.

NEGLIGIBLE WAVEFORM DISTORTION-
VARIAC Autotransformers do not destroy
wave form purify, nor do they adverse:y affect
power factor.

CCI1LoU
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~ In the manifold applicationl:) of
Chemistry from agriculture to zincography.
Sarabhai Merck's fine chemicals ann
laboratory reagents playa vital
role for a better future.

• Sarabhai Merck's special skill
in fine chemical manufacturing
contributes to progress in Industry,
Research and Higher Education.

~ Sarabhai Merck's guaranteed reagents
offer the ultimate standard of purity
and most informative labelling, bearing
intemational repute and guarantee
of E. Merck.

A32
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Extinction Recorder with Integrator" ERI 10"
SALIENT FEATURES

• Double Beam Compensation Method. Automatic Optical Null Compensation. Extinction Curve with
Adjustable Height. Transmitted or Reflected Light Measurement as Selected. Filter for Various
Dyestuffs. Setting of Various Scanning Widths. Integral Curve with a Choice of 12 Integration

Constants. Device for Automatic Elimination of Trailing Defect

(GERMAN DEMOCRATIC REPUBLIC)

VEB Carl Zeiss dENA

Sole Agents in India:

r DGORDHANDAS DESAI PVT; LTD.
\) Equipment and instruments for all branches of science, technology and industry

KERMAN I BUILDING. SIR P. M. ROAD. BOMBAY.! BR

NO.ll. LINGI CHETIY STREET, • P-7 MISSION ROW EXTENTION,. 4/1&,JWAl,A MANSION. ASAF.AU lCIAQ,
I1AD~1 'Atcun" NEW DELHI
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Permanent Magnet Charging
Measurement - Stabilization

Permanent Magnet Charging-Measurement-Stabilization IS a Complete System Approach.

It is all-purpose system for production and engineering usc.

The adjustment of the magnets flux density to within 0.5 per cent accuracy relative to an
~stablished standard is possible.

The complete operation can be performed in a fraction of a minute by non-technical personnel.

The model 2470 is the most versatile unit available for engineering personnel involved in the
design of magnet assemblies.

Its relatively low voltage output (35 to 150 volts) permits safe use of tluickly constructed
wire-wound fixtures.

The operator has complete control of the stabilizing force applied and observation of meter
indication is continuous throughout the stabilization process.

Model 2470 is a versatile impulse type magnetizer rated at 30,000 ampere-turns/inch with an
energy storage of 225 joules, sufficient to saturate up to 2~ lb. of Alnico.

Permanent Magnet Charging-Measurement Stabilization.

For Jllrther particulars, please write to:
SOLE DISTRIBUTORS

THE SCIENTIFIC INSTRUMENT COMPANY LIMITED
ALLAHABAD BOMBAY CALCUTTA MADRAS NKW DELHI

Head Office: 6 Tej Bahadur Sapru Road, Allahabad
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_I.'-1.5_t.1-1.0-0.'

-110
-135

E , YJ SCE
-0.23 -0.49

-081
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m..,t .. unknown

•RECORDING
ELECTRO·

POLARIZER

Nick.l O.OO014M/l

Zinc 0.00051 Mil

Supporting Electrolyte

1M NH.OH - 1M NH.(1

POIOfUol;on Ronge -0.15 to -3 IS

PolOlorOlion R(Ite 30QMVImin.

Se".ili ... ily 10uo lull Icol.

Damping Po.ilion #2

H9 Hend 70 em. Temp 25 ,

Drop Time 3 Sec,

(oppef OOOOIOM/l

CadmiuM 0.00033M/L

-O.J

Developed to give the polarographer the most accurate polarographic circuits available for research, routine
and·student.use.
TWIN POLARIZATION BRIDGE FOR SUPERIOR PERFORMANCE

LDGORDHANDAS
\1 DESAI PVT: LTD.
Equipment and inst,.uments fo,. all b,.anches of

science, technology and indust,.y.

KERMANI BLDG. SIR PHIROZSHAH MEHTA RD.• BOMBAY·!'

'.8. 1251, MADRAS·' • '.8. 328, CALCUTTA·' • '.8. 191. NEW DELHI.1.

SP/GD/IOS
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DYNAZOOMMETALLOGRAPH
A new addition to the outstanding Bausch & Lomb line of \'cr;;atile metallographs is

the new DynaZoom Series. Constructed to the classical im'crtcd microscope principle,

the DynaZoom Series incorporates features of convenience. cas(' of operation, durability,
compactness and an incomparable zoom optical system.

BAUSCH & LOMB "

The DynaZoom Metallograph is a bench type

unit, deSIgned for all general metallurgical

work, whether itl industrial laboratories,

production .line operations or metallography

classes.

(l/lustrat(<l is Model j)lM-J)3/or liri!!.ht field, dark fielel

alld po/ariz"d -il/lllllillatioll)

Main Features

• Rotatina turret with (, apertures for a variety of reticles

• Revolvina aIlde smae with air-cushion action

• Maanitk..tion from 25X to 800X (extended to 3750X
with accessories)

• Built-in vertical illumination provides even, hlahly
intense illumination

• Optical elements enclosed In interchanaeable power
pod housin~

• All optics are hi~hly corrected and Balcoted

• Standard ASTM itra!n size reticles available

• Rotatable Polarizer and Sensitive Tint Plate

For complct( in/ormalion ph'usc ii·riIL. to

SOLE AGENTS

MARTIN & HARRIS (PRIVATE) LTD.
(SCIENTIFIC IlEI'AKnlE"T)

SAVOY CHAMBERS, WALLACE STREET, BOMBAY 1
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