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THE EFFECT OF SOLVENT - SOLUTE INTERACTIONS 
ON UETRAVIOLET SPECTRAL BANDS 

1 AZHAR h4. SYED* and M.A. QUDDUS 

1 P. C.S.I.R. Laboratories, Kczrachi 39 

I (Reccived April 26, 1969; revised October 7, 1969) 

A study of the shift of the absorption n~axiina of the n - t z *  absorption band for lllcsityl osidc (i~nsatnratcd kctonc) 
and ~netliyl ethyl ketone (saturntcd kctone) 113s be-n innde in n range of solvcnts. Spccific solvcnt-solute itltcraction5 
have bccn found to occur throughout the rangc of solvents irrcspectivc of thcir hydrogen bonding ability. A similar 
behnviour has becn found for thc r+a* absorptiou band of mesityl oxidc and the i l i n *  absorption band of mcrl~yl 
iodide. 

Ultraviolet studies of the electronic spectra of 
liquids and solutions have provided important 
rvidence that in a considerable numl~er  of cases 
tile spectral absorption bands are affected when 
molecules are transferred from gas phase to a 
solvent environment. This is due to the unequal 
p~rturbation of the ground and excited states of the 
moiec~~les. Such perturbations depend on the 
naiure of the solvent-solute interactions in the 
tso  states. Although the phenomena directly 
connected with the structure of the perturbed 
electron clouds have a more complicated behaviour, 
a very simple formula was indicated by Baylissl 
\rlio assumed' that the frequency shift is propor- 
tional to the solvation e n e r n  of a classical oscillat- 
inqdipole in a continuous dielectric medium of the 
solvent. From this assumption Bayliss arrived at  a 
formula similar to ICBM2 expression in the case of 
\.ibrational spectra ; 

\~.hercf=oscillator strength of the optical transition 
in the absorbing solute molecule; a =poiariza- 
bility of the solute active molecule; ;l=refractive 
index of the solvent; C=a constant. 

'This equation predicts only red shifts and a I dependence of shift on only one property of the 
solvent (the refrective index or the d-lectric 

I co~istant). Rayliss ancl McRae3 suggested that 
I tlic l~lue shift (e.g. n--,.rr* transition) might arise 
; \\.lien there is a decrease of the dipole moment of 

the solute during the transition. Ito et 01.4 have 
shown that the blue shift phenomenon in the 
!I-:* thnsition is due to cooperating effects of both 
electrostatic and hydrogen bonding interactions 

*i\'ow at P.C.S.I.R. Laboratories, Peshawar. 

on solute molecule. McRaes derived an ox- 
pression for the solvent-induced frequency shift, 
from the second order perturbation theory, t a k i n ~  
into account all the types of interactions suggestecl 
earlier. This equation failed to accou~lt for the 
results in hydrogen bonding solvents. 

Several worlcers have attempted to generalize 
the effect of solvents on spectra in an empirical 
manner. Kosower6 has proposed that the transi- 
tion energies in kcal/mole (<-values) be adopted 
as empirical measures of solvent polarity. This 
treatment is not applicable in all cases because 
as the solute molecule increases in size, correlation 
of electronic transition with z-values become less 
precise. 

I n  the present work it has been considered that 
the specific solvent-solute interactions are of major 
importance and that such studies on simple systcms 
are needed. 

Experimental 

Mnteria1s.-Mesityl oxide (B.D.H.) was frac- 
tionated ancl the middle fraction (11.p. I 27-1  28'C) 
was used. Methyl ethyl ketone (E. Merck) was 
redistilled (b.p. 79.6"). Acetone (B.D.H.) was 
dried and its water content was chcckecl l~eforc use 
by I R  spectra. Methyl iodide (B.D.H.) was 
used as such. Only those solvents were scltctecl 
which did not have any absorption in the region 
of interest and were equally important for their 
theoretical background. 

S#ectra.-Measurements of UV absorption spectra. 
were made on Beckman DK-:! spectropho- 
tometer, using matched silica cells of I cm or 
0 . 5  cm thicknesses. Calibration between 340- 
220 mp was carried out using 0.0400 g/litre of  
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SPECTROPHOTOMETRIC STUDIES O F  COPPER(I1) AND CMROMIUM(II1) 
IONS WITH TAURINE 

S.A.I<. LODHI and A. RASHEED KHAN 

Physical Research Division, P.C.S.I.R. Laboratories, Karachi 39 

(Rcceivcd September 17, 1969) 

The association of Cu2f and C r 3 ~ t  with taurinc was investigateJ spcctrophoromctricnIly in aqucous solutions. 
For copper-taurinc system, one conlplex having two moles of coordinatcd taurine with onc mole of copper nitrate 
is indicated. While for chromium-taurinc systelil one complex havins threc molcs of coordi~lated taurine with one 
lrlolc of chromiunl nitrate is indicated.. Possible structure of the con~plescs is also suggestcd. 

Spectrophotomerty has been successfully em- 
ployed to study metal complexes of proteins1 
peptidesZ and amino acids.374 In  this paper 
studies of copper (11) and chromium(111) ions 
with 2-aminoethane sulphonic acid made accord- 
ing to the Jobs' method of continuous variations 
and modified molar ratio m e t h ~ d , ~  respectively, 
are  reported. 

systems were prepared following the modified 
molar ratio method. This was done by addill; 
varying quantity of taurine in nine volumetsic 
flasks containing 4 ml metal nitrate solution and 2 

ml potassium nitrate solution. Water was added 
to make the total volume 2 0  ml in each case. The 
ionic strength of these solutions was calculated 
by using the expression, 

Procedure  IJ.= & CCi <i2 

Stock solution of copper nitrate was prepared 
by dissolving A.R. grade chemical (E. Merck 
Co. Ltd.) in pyrqgen-free water. The exact 
strength of the solutlon determined idiometrically7 
was o .  5 2 ~ .  

Chromium nitrate was prepared by heating for 
2 hr chromium carbonate with appropriate 
amount of nitric acid. Chromium nitrate thus 
obtained was checked to see that no free acid or 
carbonate is present. I t  was then diluted by 

where C i  is the ionic concentration in g-moles 
per litre and <i is the valency of the ion. I t  came 
out to be 0.1.  

a Before taking the optical density measurements 
the mixtures were heated on a water bath to 
accelerate the reaction. Optical density was 
measured on Bausch and Lomb, Spectronic 20, 

spectrophotometer. Beckman pH meter model 
G was used to measure pH of the solution mixtures. 

adding distilleh water. Chromium in the solutioh 
was determined gravimetrically.8 The strength 
.of the solution thus determined was 0 . 3 4 ~ .  

Solutions of 2-aminoethane sulphonic acid 
(Eastman 0rgan;c Chemical, U.S.A.) and potas- 
sium nitrate (B.D.H. Analytical grade) (0. I 
molar) were prepared in distilled water. 

The working solutions of copper nitrate and 
.chromium nitrate were prepared by diluting 
their standard solutions to o .  I molarity and 
adding the required amount of buffer (sodium 
acetate-acetic acid). The pIH of copper nitrate 
solution thus prepared was kept at 5.25 while for 
.chromium it was at 4.45. 

Two series of mixtures, one for the system copper 
nitrate-taurine and the other for chromium 
nitrate-taurine were prepared in which the mole 
fraction of the components were varied and the 
total molarity was kept constant (see Tables I and 
2 ) .  Again two series. of mixtures of the respective 

Resul ts  and Discussion 

Optical densities for the system copper nitrate- 
taurine, plotted a t  different wavelength using the 
*Job's method, show one peak at 800 my (see Fig. I ) ,  

while optical density-wavelength plot of the 
system chromium nitrate-taurine gave two pcaks, 
one at 425 m!J. and the other a t  575 mv (see Fig. 2). 
Plots for the blanks are also shown in the figures. 

The data summarized in Tables I and 2 indicate 
that for both the systems the measured optical 
densities are greater than that of the metal soh- 
tions without taurine. If there is no complex 
formation, the resulting plot should be linear. 
But the maxima obtained by plotting difference in 
optical densities against mole fractions of copper 
nitrate in the mixtures clearly indicate the for- 
mation of a complex a t  I :2 copper to taurine ratio 
(see Fig. 3). Also a similar plot for chromium 
nitrate-taurine show complexing a t  I :3 ratio 
(see Fig. 4). 
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STUDIES ON HETEROCYCLICS 

Part I.-The Ultraviolet Spectra of Some Quinoxaline Derivatives 

M.K.A. KHAN, AMINA MOHAMMADY and Y u s u ~  AHMAD 

Chemical Research Division, P.C.S.I.R. Laboratories, Karachi 39 

(Received Ailgust 6, 1969; revised October 10, 1969) 

The UV spectra of a number of quinoxaline-3-oner, their N-methyl annlo-lies and N-oxides are determit~cd in 
ethanol and in cthanolic sulphuric acid, and their spcctral characteristics are dzcussed. 

The  availability of a numbr:r of quinoxaline- 
3-ones and their N-oxides in these laboratories 
through the base-catalysed intramolecular cyclisa- 
tion of appropriate cr-substituted o-nitroacetanilidcs 
to corresponding 2-substituted quinoxaline-g- 
one- I -0xides1>~ promptcd us to investigate their 
spectroscopic characteristics. The results of U V  
spectra are being prcsented in this publication. 

The  spectra of aromatic hydrocarbons show a 
close resemblance to their aromatic aza analogues, 
and the bands due to 7-z transitions can easily he 
distinguished in both the systems. However, mono- 
cyclic aza hydrocarbons show, apart from hands 
due to x-TC transitions, bands at longer wavelength 
due to n-T transitions. These bands arise due to 
the excitation of an  electron from the nonbonding 
.orbital a t  the nitrogen to an unoccupied x orl1ital.3~4 
I n  polar solvents the 71-x bands are shifted to shorter 
wavelengths and in some cases they may well be 
hidden under the T-rc bands. Thus, the spectrum 
of pyridine shows a band due to n-x transition as a 
shoulder on the rc-z bands. d n  the case of mono- 
cyclic diazines a well-defined band a t  longer 
wavelength can easily be recognised. Quinoxal~ne 
.in ethanol shows mote intense r;-~c  bands than 
ndpthalene and . in  addition there is a shoulder 
a t  the longer wavelength due to n-i; absorption.5 

Experimental 

The preparations of 2-substituted quinoxaline- 
3-ones and the corresponding I-oxides are re- 
ported in references I and 2. Quinoxaline- I -oxide, 
quinoxaline-3-one-I -oxide and quinoxaline- I ,4- 
dioxide were prepared by methods reported in 
references I I and 12. The UV spectra were 
.determined with a Beckmann DK2 spectrophoto- 
meter as solutions in 95% ethanol. The  spectra 
o f  protonated species were determined in o .  I N  

ethanolic sulphuric acid. 

Discussion 

Chee~ernan ,~  determined the spectra of some 
quinoxaline-2- and -3-ones and found that the 

spectrum of neutral molecule of quinoxaline-f 
ones was similar to thalr of its Jr-methyl analog.: 
hut dissimilar from that of 3-methoxy derivatilr: 
indicating that they existed predominantly in 11.,, 
kelo form. Additionally, in solutioli 2-amin?. 
quinoxaline existed predominently in the amill') 
form and 2-mercaptoquinoxaline in the thioamidr. 
form. The cations of 2-l~ydrox~quinoxaline a~:d 
its JV-methyl derivative also showed similar spcci~: 
since the neutral molecules are stabilised I!>; 
structures such as B, such stability is not possiih 
in the corresponding I-methoxy derivative C. 

The  absorption maxima and extinction coeii- 
cient of quinoxaline ( I ) ,  2-substituted quinoxalinr- 
3-ones and their ,V-methyl analogues (IIa-Ilq), 
2-substituted quinoxaline-3-one I-oxides (IIIa- 
I1 Id),  quinoxaline- I -oxide (IV) and quinoxaline- 
I ,4-dioxide (V) in ethanol and in o . I N  ethanolic 
sulphuric acid are shown in Table I .  (see Fig. 
I ,2 and 3). 



209 

1 Pakistan J. Sci. Ind. Res.,  Vol. 13, No. 3, 0c tober  1970 

I SPECTROPHOTOMETRIC DETERMINATION OF MICRO AMOUNTS OF 
BISMUTH AFTER EXTRACTION OF THE IODO COMPLEX 

BY A HIGH MOLECULAR WEIGHT AMINE 

MOHAMMAD AMIN and M.A. KHATTAK 

P.C.S.I.R. Laboratories, Peshawar 

I (Received October 2, 1969) 

! An investigation o f  the col~lplcs  formed bctween bismuth and potassiu~ii iodidc in dilutc sulphuric acid solution 
lias bceri carried ou t  and its extractability by a high molecular weight arninc iri organic solvent examined. The 
orangc-coloured coniplcx is quantitatively extractable from the aqucous phase into an orqanic phase of t r ibenz~l-  
amine in chloroform. O n  thc basis of this extractability, a method has becn developed for the spcctrophotoolctric 
determinatiori of bisniuth in the presence of many other elements. 

Spectrophotometric methods for the detcrmina- 
tion of platinum,I palladium2 and rhodium3 by 
tile extraction of the chlorostannous complex with 
high-molecular-weight amines (HhI\IIM'A) have 
I~cen previously reported. I n  the present work, a 
study of the bismuthiodo complex in dilute 
sulphuric acid medium was undertal<en. The 

I results of the investigations on the system are 
reported below. 

Experimental 

ilf~barat?rs and Reage~zts.-Spectrophotometer 
Slodel DU Beckman was used. Standard bismuth I solution was preparcd from 1.1ismuth nitrate (Analsr 

1 gracle) ( I  m l = ~ o  -0. Tribenzylamine (TBA) 
.I. 0 . 2 ~  solution was prepared by dissolving 
14,370 g TRA in 250 ml chloroform, and equili- 
hrated with 2~ sulphuric acid for 10-15 min. 
The phases were allowed to separate, the lower 
organic phase was drawn off and the aqueous 
phase discarded. 

I 
Formation of Bismuth Iodide Complex and Ext~action 

hr TEA.-On treatment of bismuth solution with 
potassium iodide solution, a yellow to orange 
colour was produced. The coloured complex was 
cstl.acted quantitatively by shaking with o .  2~ 

11.il1enzylamine in chloroform. No trace of 
Ibistnuth was ever found in the aqueous phase. 
The organic phase was filtered off to remove water 
droplets and the volume was made up to the mark 
in lo ml flask with o.211 TRA in chloroform. 

The absorption spectrum of the coloured complex 
was determined in aqueous phase and in organic 
amine phase with respect to their corresponding 
blanks containing all the reagents. The spectra 
ohtained are given in Figs. I and 2. I t  is evident 
that a definite maximum occurs a t  450 mp and 490 
rn! respectively. 

Procedure.-Bismuth solution (1-5 ppm) in I o 
ml of 2~ sulphuric acid was taken in a 25-ml flask, 
and I ml hypophosphorous acid and I ml IoO,/, 
potassium iodide solution were addcd.4 Aftcr 
shaking for 5 min the volume was made up to the 
mark with distilled water and the absorption 
spectrum was obtained by measuring thc al~sor- 
bance in the range of 400-500 rnv a t  intervals of 
10 mq.. The absorption spectrum thus ohtained 
(Fig. I )  shows that maximum absorption occurs a t  
450 my. 

Extmctabili~ of the Coloztred Complex.-The orange- 
yellow I~ismuth iodide complex in aqueous phase 
obtained by the above procedure was ti-ansf+rred 
to a separating funnel and  extractcd in two instal- 
ments with 10 ml 0.211 TBA in chloroform (pre- 
viously cquilibrated with 2 N  sulphulic acid). 
The orange-coloured complex was extracted by 
shaking the two phases for 2 min. The  phases 
were then allowed to separate and the orange 
coloured complex had completely transferred to 
the aminc phasc: the aqueous phase was tested 
for bismuth, but 110 trace was ever found, indicat- 
ing quantitative extraction of the complex. 

The amine phase was filtered off through a small 
filter paper (to remove suspended water droplets) 
into a 10-ml flask and the volume was made up to 
the mark with o .  2 n ~  tribenzylamine in chloroform. 
The absorption spectrum measured against the 
amine blank is shown graphically in Fig. 2 from 
where it will Ile seen that it has a definite absorp- 
tion maximum a t  490 mp. The  spectrum is 
identical with that obtained in aqucous phase, 
with thc difference that the absorption peak is 
shif~ed to a higher wavelength, probably 
representing the effect of change in solvent. 

Calibration and Sensitivity.-Known concentrations 
of bismuth (1-10 ppm) were extracted by the 
foregoing procedure, and the absorbance measured 
a t  450 mp and 490 mp, for aqueous phase and  
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SYNTHESIS OF SUBSTITUTED PYRIDINES 

Part V1.-Formation of 6-Hydroxy-q-(p-rnethylphenoxy)-2-0~0-1-phenyl 
Pyridine-3-carboxyanilides* 

ASLAM BUTT and RASHEEDA PARVEEN 

P.C.S.I.R. Laboratories, Karachi 3 9 

(Received August 1, 1969, revised Scpteniber 30, 1969) 

6-Hydroxy pyridine-3-~arbox~anilides (11). with varyin: s~tbstituent at N, (11, R=Ph,  n ,  r n ,  p-tolyl, benzyl, etc.) 
have been synthesised. The 1R and UV spectra of the new products have also bcen recorded. 

I n  continuation of our studies on the substituted 
pyridines, the reaction of the sodium salt of p- 
cresol and 7-aminopyranooxazines ( I )  has been 
investigated. Several products of structure 11 
were prepared and their physical and chemical 
characteristics were examined 

For instance, when the aminopyranooxazine 
(I, R=ph) and sodium in p-cresol, were heated 
together, a new product CzsH~,Nz04, m.p. 
226', is formed, isomeric with the products obtained 
by reacting I with sodium, and o- or m-cresol.1 
I t  had all the physical properties of a hydroxy- 
pyridine. The product (11, R=Ph) formed 
easily a monomethoxy derivative, Cz6HzzN204, 
m.p. 232", Amax 316, log ~ = 4 . 5  and a mor- 
pholinium salt C2gHzgN305, m . p  I 76", hlnax 
320, log ~ = 4 . 7 .  The compound was susceptible 
to electrophlllic substitution as bromination of 
I1 (R=Ph) gave a bromo product CzsH1,BrN 
CZsHIgBrN2O4, m.p. 187", ).nlax 320, log ~ = 4 . 4 .  

The foregoing reactions are detailed below: 

Ho&T R-N 

0 0 

The isomeric product having o-methylphenoxy 
and m-methylphenoxy group a t  position 4, that 

*Part V. Ref.  1. 
fFor mechanism of the reaction, see Part 111 in Tetrahe- 

dron, 23, 1551-1555 (1967). 
$Preparation of all the pyranooxazines(1) employed in the 

work has been described in Part I[, Tetrahedron, 23,199 (1967). 

were prepared earlier,' showed U V  light absorp- 
tion I . , , ~ , ~  32 I ,  log ~ = 4 . 6  and A,,,, 319,  log^ 
=4.5, whereas the p-methylphenoxy compound 
showed absorption at 318, log ~ = 4 . 9 .  Thus 
a simple comparison of the three isomeric products 
indicates uniformity in U V  light absorption. Duc 
to the blocking effect of the ring nitrogen, the 
substituents at position I did not affect the absorp- 
tion frequencies of I R  and U V  spectra. 

Experimental 

Preparation of 6-Hydrox~1-4-(p-methylph~noxy)-2-oxo- 
I-phenyl Pyridine-3-carboxyani1ide.-7-Anilino-2,4,5- 
trioxo-3- phenylpyrano (3,4-e) - ( I  ,3)-oxazine $ (I, 
R=Ph) ( I  . I 65 g, I mole) was added to a solutioll 
of sodium metal (0.47 g, 4 moles) in p-cresol I 5 ml 
a t  I 10-120' and kept for 5 min. The dark-brown 
solution was cooled, diluted with water (200 ml) 
and extracted with ether to remove excess of cresol. 
The aqueous solution was acidified with hydro- 
chloric acid (IN)  and the solid product 6-hydroxy- 
4-p-methylphenoxy) - 2- 0x0-I - phenylpyridine - 3 - 
caroboxyanilide (11) (0.91 g, 66.2%) crystallised 
from methanol-chloroform solution ( I  :2) and 

\ ,  

melted a t  225-226' (dec). (Found: C, 72.8; 
H ,  5.3;  N, 6.9. CzSHZ9N2O4 requires: C, 
72.8, H, 4 .9 ,  N, 6.8%.) )\niax 319, log ~=4.8. 

All other pyridine carboxyanilides (11) were 
prepared as above and are listed inTable I and 2. 

6-LMethoxy-~-(p-methylphcwoxy)-~-oxo- I -phs~yIt,yri- 
dine-3-carboxyani1ide.-To the compound I1 (R=Ph) 
(0.68 g) in chloroform (20 ml), a solution of 
diazomethane in ether was added in portions till 
the yellow colour persisted and the mixture was 
kept in the refrigerator overnight. Excess of the 
solvent was evaporated and the residue on tritura- 
tion with ether gave the 6-methoxy derivative (111) 
(0.4 g, 57.1 %). After recrystallization from 
methanol-chloroform ( I : I )  it melted a t  23r°C 
(dec). (Found: C, 72 -9; H, 5 .o;  N, 6.5. 
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COBALT(II1) SULPHATE AS OXIDIZING TITRIMETRIC REAGENT 

MUHAMMAD HANIF and MUHAMMAD NAZIM* 

P.C.S.I.R. Laboratories, Lahore 16 

(Received August 18, 1969; revised Decetllbcr 1 ,  1969) 

111 spite of the extre~nely high rcdox potential of cobalt(1II)-cobalt(l1) system (1.82 V ill 4~ H N 0 3  solution), 
it has been used in a few cases as a titrant in analytical chemistry, simply for the reason of oxidizing water and itsclf 
being reduced to cobalt(I1) state besides the difficulty in preparation and storage of the prepared solution. However, 
cobalt(II1) sulphate clcctrolytically prepared in 8~ sulphuric acid and kept a t  about -S3C has turncd out to be fairly 
stable for a period of 3 months. It has becn observed that 2 - 1 5 ~  sulphuric acid, 2 - 8 ~  hydrochloric acid, 10-12% 
pxchloric acid and glacial to 60% acetic acid can be very safely used as media without any danger of cobalt(II1) 
reduction by thenl. Quantitative determination of iodide alone and in the presence of chloride and bro~nidc in- 
dividually and collectively, nitritc alone and in the presence of nitrate, hydrogen peroxide and sodil~til peroxide 
have been nude  potentiometrically. 

The  compounds of cobalt(II1) exhibit a n  
extremely high redox potential of I .8z V when 
they undergo reduction to cobalt(II).I-3 Some 
authors have reported this value as I .8  V vs. 
the standard hydrog-en electrode.4-7 Trivalent 
.cobalt compounds have been used only in a few 
instances as oxidizing titrants in analytical 
work.7-IO 

Simple cobaltic ion cannot exist in water. I t  is 
reduced to cobaltous state with the evolution of 
oxygen. Cobalt(II1) is stable either in the form 
of  solid compound or in solution as a complex. 
This stability is attributed to the decreasing redox 
potential of a system when complexing or sedi- 
menting ions are present.IO Cobaltic sulphate i~ 
unstable in water and very dilute sulphuric acid 
bu t  in 10-I~N sulphuric acid it has been reported 
to be fairly stable possessing high oxidation 
power.7-" Bricker et al. used it for the titri- 
metric determination of iron (11), ferrocyanide 
and cerium(II1) in addition to some preliminary 
invcstlqations of arsenite, oxalate and peroxide.I1 

Since potentialities of using a standard solution 
of cobalt(II1) in titrimetry appear to be extensive, 
we were interested in its preparation, its stability 
in different media and its utility for the quantita- 
tive determination of some substances. In the 
present work it has been shown that cobalt(II1) 
sulphate, electrolytically prepared in 8~ sulphuric 
acid, can be safely used as an  oxidizing titrant 
for direct potentiometric studies. 

Expe r imen t a l  

Memurements were made potentiometrically 
using a pH-meter type L. PUSL, Apparate-ball, 
Munchen 15 (No. 3020) with platinum indicator 
and saturated calomel reference electrodes. All 
reagents used were of analytical grade. 

Preparation and Standardization of Cobalt(II1) 
Sulf~hate.-Swan and Xanthakos electrolytic 
method,7 after a little modification as below, was 
used for this preparation. 

Bawn and  White have studied the kinktic3 of de- A saturatrd of c o b a l t ( ~ ~ l )  sulphafe 
composition of cobaltic compounds in water and (hydrated) in 8~ sulphuric acid was prepared at 
mineral acid solutions besides kinetics of oxidizing loom temperature, I < ~ ~ ~  overnight and cooled to 
reaction of cobaltic ion with organic substances.8 about 5 c ~  in a n  ice-cold bath.  hi^ so~utioll 
Compounds of trivalent cobalt have been prepared, decanted and about 2 50 ml of it was put in a 
in a noncomplcx form, oxidation with the porous porcelain cup, placed in a 2-1. Pyrex glass 
most strongly oxidizillg agentT, like sodium Pel3- 1;eaker to dip the coppcr clectrocle completely and 
s u l ~ h a t e  Or bismuthate34 Or the rest of this solution (about 600 ml) was trans- 
fluorineoT3 method has proved to be ferred to the outer glass beaker to immerse the 
very satisfactory for the purpose.7314-16 platinum electrode fully. I n  this way direct 

The preparation of trivalent cobalt in the form 
complexes (commonly as carbonates) by way 
oxidation of cobalt(Z1) salts has also been 

suggested by various authors.I7-21 Cobalt(II1) 
solution prepared by any method has been prc- 
viously shown to be too unstable for the purposc 
.of its being used as a titrant. 
. - - -- - - - -. - - 

* N o w a t  Government College, Lahore. 

mixing of the solutions in the cathodic (porous cup 
with copper electrode) and anodic (glass beaker 
with platinum electrode) compartments was 
avoided. Electrolysis was carried out a t  a current 
density of 0 .48 to 0 . 5  A/cmz for 6 hr keeping the 
temperature below 5"C, and  the anolyte was 
stirred well during the preparation of solution 
by means of a mechanical stirrer with glass stirring 
roa. I n  the beginning, the ~ o l o u r  of the anolyte 
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ION EXCHANGE SEPARATION OF TRANSITION ELEMENTS OF 
THE PERIODIC TABLE. PART I 

A.A. QURESHI, ABDUL HAFEEZ and KHADIM HUSSAIN 

Ore Dressing and Metallurgy Division, P.C.S.I.R. Laboratories, Lahore 16 

(Reccivcd March 21, 1969; rcvised Scpternbcr 23, 1969) 

Thc separation of the catioi~s N i + f ,  MI]+ +and Co-++ has been carried out usina the ion exchange method. The 
lnixturc of these cations in 9~ HC1 is added to an anion exchanger atld eluted with 63 NHCl to remove C O  and MII 
whilc Ni is not adsorbed at all. The  concentration of tile separated cations has been dctcrrr~itled polarograpl~ically 
L I S ~ I ~ S  tile step-hcight-concentration calibration group nlethod.1 

Hydrochloric acid has been considered one of 
the most versatile media for ion exchange sepera- 
tions,2 because of the formation of anionic chloro 
complexes with various cations. These anionic 
chloro complexes differ in their stability constants 
towards elution. On  the basis of the difference in 
stability constants it is, therefore, possible to 
separate various cations from one another under 
proper working conditions. 

Nickel and aluminium are among the non- 
sorlsable elements3 whereas manganese and cobalt 
are effectively taken up by the anion-exchange 
resin in chloride media. The latter two elements 
exhibit large difference in their distribution co- 
efficients in HC1 and, therefore, no tailing effect 
is noticeable under proper washing conditions. 

In order to be sure of the freeness of any element 
in the eluants, the eluants have been subjected to 
polorographic determination for any infinitesimal 
contamination. 

Apparatus and Reagents 

I o n  Erchange Resin.-Amberlitc I RA-qoo (Cl) 
(Light and Co. Ltd., Colnbrook, England) anion 
exchanger was used. The resin was first put in 
distilled water to allow maximum swelling and 
later transferred to a Pyrex glass column ( I  . :;' cm 
dia and 68 cm high) and up to a height of 26 
cm. The column was washed with distilled 
water and then with g~ HC1 in order to completely 
regenerate the chloride ions and to remove any 
mechanically held metallic ions. The resin was 
then thoroughly washed with distilled water and a 
glass wool plug inserted. 

Standard Solution of .hrickel.-NiC12. 6 H 2 0  
(2.377 g) was dissolved in a small quantity of g~ 
HCI and the volume made up to roo ml with g~ 
HCl. I ml of the solution=5.87 mg of Ni. 

 standard.^ Solution of Ma:zganese.-MnClz.4H2O 
( I  .98 g) was dissolved in a small amount of 98 

HCl and the volume rnade up to I O O  ml with 
HC1. I ml of solution=5.5 mg of Mn. 

Standard Solution of Cobalt.-CoC12.6H20 
(2.38 g)  was dissolved in a small amount of 
g~ HC1 and then volume made up to 100 ml with 
g~ HCI. One ml of the solution=g mg Co. 

Reagents used for Ident$cation of Ni, Mi,, Co.- 
Dimethylglyoxime (E. Merck, W. Germany); 
sodium bismuthate (May & Baker, England); 
a-nitroso-p-naphthol (E. Merck. W. Germany). 

Po1arograrns.-Cambridge pen-writing polaro- 
graph was used for recording the polarograms. 
One ml of the test solution plus I ml o .  I a1 KC1 
(base electrolyte) and I ml 0.2% triton X-loo 
was put into the polarograph cell. Nitrogen gas 
was bubbled through the solution for 10 min to 
remove dissolved oxygen. The capillary was 
then lowered into the cell to dip about 0 . 5  cm 
in the solution. The mercury reservoir was the11 
raised to a constant height of 71 . 5  cm (from the 
tip of the capillary to the Hg  level in the reservoir) 
and the polarograph switched on to record the 
polarogram. According to Illcovic equation. 
concentration of thc test so!ution is directly pro- 
portional to the diffusion current provided the 
temperature, composition of base electrolyte, 
rate of flow of Hg and the drop time al-e kept 
constant.4 The polarograms were taken under 
these constant conditions and concentrations were 
directly calcu.latecl from diffusion current. 

Experimental 

Colzirn~z Euj~erirnents ~ i t h  Ni+ + .-Since nickel is 
nonsorbable in any HCI concentration, it passes 
through the column as such. This is shown by the 
polarog-ram of the original Ni++ solution and that 
obtained after passing through the column (Figs. 
3a, b and Fig. 6). 
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Copper, iron and zinc have been separated frnm onc anotllcr by ion csc1i~n;e nicthocl. A !niz t i~rc  o f  the tllrec 
cations was run over an atlion exchange resin atid ench cation was ji~cces<~vely eluted with hydrochloric acid. Tllc 
cluants wcrc studied polnrojirapl~ically using step height-conccntrntic~ri ciilibmtion Sroup nletl1od.I 

The separation of metal ions by anion-exchange 
3-esins is based on the transformation of metal 
ions into anionic complexes. This technique is 
applicahlc to cases where extremely stable com- 
plcxes are formed. I n  csses where hydrolysis 
-occurs in rinsing with water it is advantageous to 
work the column with the complexing agent like 
HCI after the sorption step. Thus a separation 
.of different metals from one another can be ob- 
tained hy percolating the solution to hc analysed 
through an anion exchanger with anions which give 
strong complexes with certain metal ions present 
in the solutions. Those metals which form strong 
-complexes are quantitatively retained, whereas 
.other metals pass quantitatively into the e f f l ~ e n t . ~  

Since Cui-+, Fe+-t+,  Zn++ form strongly stable 
anionic chloro complexes in hydrochloric acid 
medium and since their stability decreases with 
decreasing strengths of the acid, it is possible to 
.separate them quantitatively from a mixture. 

Cu++ and Zn '+ were estimated in the eluant 
polarographically from neutral solutions. Since 
a neutral solution of Fe,--++ could not be prepared 
under similar conditions it was determined titri- 
metrically. 

Apparatus and Reagents 

Amberlite IRA-400 (CI) (L. Light & Co. Ctd., 
Colnbrook, England) anion exchanger was em- 
ployed. The  resin was first put in distilled water 
till maximum swelling was obtained. The resin- 
slurry was then fed to a Pyrex column ( I  . 3  cm 
dia, 68 cm high) taking care that no air bubble was 
entrained bccause that would decrease the effi- 
ciency of the resin. The column was loaded to a 
height of 26 cm, and glass wool plug inserted. 
The  resin in the column was then repeatedly 
washed with distilled water. Lastly the column 
was washed with strong HC1 to reactivate the 
resin and to provide complexing media for sub- 
sequent separation of the three cations. 

CLICI, ( I  ,345 9)  wasdissolved in a smal 
cluantity of concd HCI and the volume made up !( 

I O O  ml. I ml of the solution=6.37 mg Cu. 

FeCI3.6Hz0 (2.70g) was dissolved in a smal 
amount of concd HCI and the volume made ul 
to roo ml. I ml of the solution=6.qq. mg Fe. 

ZnCI, ( I  .364 g) was dissolved in a small amount 
of concd HC1 and the volume made up to 100 ml. 
I ml of the solution=6.538 mg Zn. 

Other reagents used for identification of Cut+,  
Fe 1 1 1 and Zn++- were potassium ferrocyanide 
(E. Merck, Germany), hydrogen sulfide gas, 
potassium sulfocyanide (B.D.H., England), and 
quinaldic acid (B.D.H., England). 

Cambridge Pen-writing polarograph was used 
for recording the polarograms. One ml test 
solution plus I ml o .  I M KC1 (base electrolyte) 
and I ml o .  2% Triton X-IOO was put into the 
polarograph cell. Kitrogen was bubbled through 
the solution to remove dissolved oxygen. The 
capillary was then lowered into the cell to dip 
about 0 . 5  cm in the solution. The reservoir of 
Hg was raised to a constant height (from tip of 
capillary to the mercury level in the reservoir) and 
the polarograph switched on to record the polaro- 
gram. According to Ilkovic equation, concentra- 
tion of the test solution is directly proportional 
to diffusion current provided the temperature, 
composition of base electrolyte, rate of flow of Hg 
and the drop time are kept constant.3 The 
polarograms were taken under these constant 
conditions, and concentrations were directly 
calculated from the diffusion current. 

Experimental 

Colum;~ Experirnants with Cu+&.-Three solutions 
of CuCl, were made by dissolving o .  I 35 g salt 
in 3N, 3 . 5 ~  and 4~ HCI respectively and the 
volume made up to 10 ml. One ml of each solu- 
tion was separately evaporated to dryness and the 
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PHASE EQUILIBRIUM STUDIES IN THE SYSTEM MgO-TiO, BY HOT STAGE 
MICROSCOPIC TECHNIQUE* 
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(Received October 27, 1969) 

Phase equilibria relations in the systein M8O-TiO2 were studied by mcans of hot stage microscope and X-ray 
teclmiqucs. The exirtence of three binary compounds in the system was confirmed. Froin the llquidus and solidus 
temperatures of con~positions in thc systcrn an equilibrium diagrnnl for thc systein was constructed. 

A study of the phase equilibrium relations in the 
system Ca0-Mg0-TiOZ1 was made considering 
the importance of titanate ceramics as dielectrics. 
.\survey of the literature pertinent to the problems 
revealed several discrepancies in the published 
data on the subordinate binary systems. I t  was 
therefore, considered essential that a preliminary 
study of the binary systems be made. 

An equilibrium diagram for the system MgO- 
TiO, was first published in 1932 by Van Warten- 
berg and Prophet., Two compounds nMg0.Ti02 
and Mg0.2Ti02 were proposed but the subsequent 
vork of other investigators3-7 showed that 
there are three binary compounds in the system. 
These are the two listed by Van Wartenberg 
and also MgO.Ti0,. 

The existence of three compounds in the systes 
was also confirmed by Conghanour and Deprosses 
in an investivation of solid state reaction between 
components MgO and TiO,. They studied the 
completeness of the reaction and compound 
formation petrographically and by means of X-ray 
diffraction patterns of the fired samples. All these 
workers* reported that the three compounds 
2Xfg0.-TiOz,Mg0.Ti02 and Mg0.2Ti02 are con- 
gruently melting with m.ps of 173z°C, 1630°C and 
ifi2j°C, respectively 

In 1956, Cocoo and Massaza9 and later in 1958 
Xfassaza and Sirchia'o studied the binary system 
MgO-TiO, in the course of work on the ternary 
system Mg0-SO2-Ti02 but their findings on the 
nature of the compounds and on their m.ps differed 
from those of previous worker~.~,S 

According to Coughanour and Depresses the 
eutectic temperatures between the respective 
compounds are as follows:- 

Gla 

tor 

MgO.Ti0, and Mg0.2Ti02, 1592°C a t  56 
)I:& TiO, 

Mg0.2Ti02 and TiOz, 16060°C a t  86 m o l x  
TiO, 

MgO and 2Mg0.Ti02,  1707°C a t  21  mol% 
T i 0 2  

But Van Wartenberg2 determined the m.ps of  
nMgO.Ti0, and MgO.rTi0, as 1840°C and 
1680°C respectively and the respective eutectic ' 
temperature as follows : 

MgO and 2Mg0.Ti02, 1800°C 

nMgO.Ti0, and MgO.nTiO,, 1625°C 
MgO.nTiOz and TiOz, 1645OC 

All these determinations were made using optical 
pyrometers under black body conditions. Cough- 
anour and Deprosse explained the difference 
in their measurements from those of Van Warten- 
berg by simply saying that they used more refined 
method of study. The investigations of Cocoo and 
Massaza, and Massaza and Sirchia revealed that 
the compounds Mg0.Ti02 and 2MgO.Ti0, are 
incongruently melting compounds. The m.ps 
obtained for these compounds were different from 
those of earlier workers. They showed that the 
compound Mg0.2Ti02 melts congruently a t  
1690 520°C and that there are peritectic reactions 
involving MgO.TiOz and MgO.Ti0, as follows: 

The eutectic temperature between Mg0 .T i02  
and MgO.nTi0, was found to be 1600 +2oCC 
at 56 mol:h of T i 0 2  and between Mg0.nTi02 and 
T i 0 2  as 161 o f  20°C at 80 m o l x  of TiO,. 

Experimental 
-- 

'Part of M.A. Rouf 's  P11.D. thesis, University of Strathclyde, Sample Preparation 
S ~ O I V ,  1965-68. 
tNow at Glass and Ceramics Division, p.C.S.1.R. Labors- The components used in preparing different corn- 
ies, Dacca, East Pakistan. positions were TiO, and MgO (B.D.H. Analar). 
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Penirillirrm martinsii Biourge, grown on a scmisynthetic medium, produces five crystalline compounds, viz., 
nm~rrlol, C7H703C1, m.p 146-47OC; arnudane, 1n.p. 219-20°C; amudene, m.p. 270-72OC; ergosterol, 111.p. 
165-57OC; and mannitol. 

On the basis of chemical and spectral evidence amudol has been shown to be the hitherto undescribed 2,5- 
dihydroxy-4-chlorobenzyl alcohol. Anludol has been shown to have antibacterial properties. 

Penicillium martinsii was first described by 
Biourger in 1930. However, no attempt was 
made to investigate its metabolic products for well 
over two decades. In 1956, Wirth, Gilmore and 
Naval2 published a report claiming to have isolated 
the antibiotic, penicillic acid from this mold. 
The reported ability of Penicillium marfinsii Biourge, 
to  produce antibiotic substances evinced interest 
in us to make a systematic investigation of its 
metabolic products. This report concerns the iso- 
lation, identification and antibacterial effects of 
amudol, one of the metabolic products of the mold. 

The mold was first grown on a semisynthetic 
medium: Czapek-Dox-enriched with carrot 
extract. Ethyl acetate extraction of the culture 
filtrate gave an oily product with at 3333 and 
1720 cm-I. This oily ketol, however, could not 
be crystallized. Similar results were obtained 
using the medium developed by Moyer3 which 

*Part VII. Pakistan J. Sci. Ind. Res., 11, 367 (1968). 
t T o  whom con~rnunications should be sent at the following 

location: P.C.S.I.R. Laboratories, Country Club Road, 
Karachi 32, Pakistan. 

contained corn starch in place of corn steep liquor* 
However, when Penicillium martinsii Biourge, was 
grown on Moyer's medium (loc. cit.) enriched 
with carrot extract, an extraction of the broth 
with ethyl ether gave a crystalline product, here- 
after termed amudol, m.p. 146-47' ( I  .93 g from 
4 .2  1.). Slightly better yields (2 . I g from 4.2 1.) 
were obtained when molasses was used in the 
above medium in place of lactose. 

In alcohol amudol gives a transient bluish green 
color with alcoholic ferric chloride. I t  gives a 
positive Beilstein test for chlorine and is optically 
inactive. Its mass spectrum shows a molecular 
ion peak at m/e I 74 and its elemental analysis 
agrees with the molecular formula C,H,O,Cl. 

A band a t  1590 cm-I in the infrared is indicativc 
of a benzene ring which accounts for all unsatura- 
tion. A band a t  3420 cmyr (broad) indicates 
the presence of OH. The PMR spectrum of 
amudol in deuteroacetone shows a singlet corres- 
ponding to two phenolic hydroxyls a t  T 2.17. 
At r 6.70 there is a singlet corresponding to one 
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Thc structures of alnudane (1n.p. 219-220°C), nlliudclle (m.p. 270-72°C) and amujauc (m.p. 252°C). thc tuctn- 
bolic products of Perirtirilliurri rttorlitisii Biourge, have been established to be ~riscofi~lvin C17H1706Cl (n1.p 220- 
222OC), dellydrogriseofulvin C17H1506C1 (n1.p. 270-72OC) and dihydrogriseof~~lvili C17H1906Cl (1n.p 196OC), 
rccpectively, through pl~ysical mcthods. Bcsides thesc, n~annitol has also bcen isolated. 

Pennicilliurn rnarti~zsii BiourgeI grown on semisyn- 
thetic media produced six crystalline com- 
pounds:2 amudol, C7H703C1, m . p  146-q7OC; 
sterol, m.p. 156-7°C; amudane, C17H1706C1, 
m.p. 220-222OC; amudene, CI7HISo6C1, m.p. 
270-272OC; amujane, CI9HI7O6C1, m.p. 196°C; 
.and mannitol, C6HI4O6, m . p  165°C. 

The mold was grown on Moyers medium3 
enriched with carrot extract.4 Extraction of the 
broth gave a crystalline product amudol. The 
structure of amudol has already been reported 
to be 2,5-dihydroxy-4-chlorobenzyl alcohol.2 No 
other crystalline metabolic product was obtained 
from the broth. The dried mycelium was ex- 
tracted with petroleum ether, chloroform and 
finally with ethanol. The petroleum ether 
extract gave a crystalline product, m.p. 156-7°C. 
This gave positive Liebermann-Burchard test for 
sterol." 

The chloroform extract gave a solid residue 
( I  .69 g from roo g mycelium), m.p. 244-+j0C. 
This solid material gave three compounds by 
preparative thin-layer chromatography with 
ammoniacal silver nitrate impregnated plates,s 
the solvent system being benzene-ether (95 : j )  . 

molecule. The PMR spectrum in deutroacetoile 
showed a doublet centred a t  T 9 .08 (gH;]\s3 
7 c/s) indicating the presence of CH3CH in the 
molecule. One multiplet appeared at  r 7.4 (3H, 
one methyl group). Another ill-defined doublet 
appeared at  7 7.28; (2H; clue to AB, system) 
indicative of >CH-CH,- group in thc 
molecule. 

A singlet appeared at  : 6.3 (3H; one vinyl 
-OCH3 group) .Two more signals appearing at 
T 6.02 and T 5.94 pointed to the presence of two 
aromatic-OCH3. There was a sharp singlet 
a t  T 4 . 5  ( I H ;  due to one vinyl proton in the mole- 
cule). In  the lower field there was a sharp 
singlet a t  T 3.85 due to one aromatic proton. 
All these physical and spectral evidence safely 
accounted for structure I, which is that of a known 
mold metabolite grisofulvin,6 first isolated from 
Penicilliurn griseofulvum, Diercltx,7 and subsequently 
from a variety of other Penicillium species. 

Amudane (Rf 0.q2, m.p. 220-222OC) 
crystallized fro& M~OH-H,O in colourles's The above structure was further confirmed 
needles and anabed for C~7H~706C1  by high from its mass spectral studies, which showed the 
resolution mass measurement. I t  was found to molecular ion at m/e 352+, couesponding to 
be active + 350. The UV molecular formula CI7KI7o6C1 by high-i-esololion 
.absorption showed ) \~nax  324, 291, 252, 230 m!J, mass measurement. 
(log" 3.72, 4.31,4.10 and 4.30). The I R  spectrum 
-showed bands at  I 705 cm-I (0-C=O) and 1685 
.cmY1 and 1 6 6 ~  cm-l (-cH=cH-). There were The second intense peak appeared a t  m/e 33j+ 
two more bands a t  1605 cm-1 and 1580 cm-1, (m: 322) Was due to loss of one methyl group. 
indicating the presence of benzene ring in the This underwent fragmentation to give 

a t  m/e 310+ (m* 292) due to the loss of 
*Work on this product is in progress and will be reported later. C2H3. This was followed by the loss of 
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STUDIES IN THE BIOCHEMISTRY OF MICROORGANISMS 

Part X.-Isolation, Structure and Stereochemistry of Yasimin and other Metabolic 
Products of Aspergillus unguis Emile-Weil and Gaudin 

AHMAD KAMAL, YASMIN HAIDER, YAZDANA A. KHAN, I.H. QURESHI and A.A. QURESHI 

P.C.S.I.R. Laboratories, Karachi 39 

(Received February 6, 1970) 

Thc structure of yasinrirz is shown to be tri-dcchloronornid~~lin. The ot!ler three nlctabolitc~ llavc been identifi- 
ed as nidulin, nornidulin and mnnnitol. Thesc structt~rcs have bccll estnblishcd mair~ly tl~roujih physical nlcthods. 

Aspergillus ungztis (I.M.I. 138767) was first des- one more singlet a t  T 7.5  (CH3-) present 011 

cribed by Emile-Weil and Gaudin in 1939.' the benzene ring. This unusually low chemical 
However, no attempt was made to investigate the shift could be safely assumed to be indicative of 
metabolic products. This paper concerns the the presence of a neighbouring electronegative 
isolation and structures of the various metabolites. element (like chlorine). 

The mold was grown on different standard 
media, viz. Czapek-Dox medium with yeast 
extract enriched with carrot extract, malt extract 
agar2 and Czapek-Dox medium enriched with 
carrot extract with diammonium tartrat - as 
nitrogen source. The same metabolic products 
were isolated from all the three mediums but the 
first one gave the highest total yield of the various 
metabolites. 

The mold was grown on Czapek-Dox medium 
with yeast extract enriched with carrot extract for 
20 days a t  24-27OC. The mycelium was separated 
from the broth, and the broth when extracted with 

A broad hump appeared a t  T 4.2 for two 
hydroxyl groups which disappeared on deuteration. 
The above data can be easily accounted by the 
following structure I which is already known as 
nornidulin.3 

ethyl acetate and ether gave a crystalline mixture  hi^ was further confirmed by the isolation of 
which on fractional ether- 2,4-d~hydroxy-~-~ethyl-~-(2-~ut-2-~nyl) benzoqui- 
petroleum ether gave a product: m'p. none (11) through degradation according to 
1850C which anabed for C~9H1~0~C13. The the method of Beach and Richards:4 heating wit11 
UV 'pectrum a at 262 mp. HBr and red phosphorus followed by heating with 
The IR 'pectrum showed a sharp band a t  methanolic K O H  and then isolating the product. 
cm-I (free OH) .  I 701 cm-I ( > CO) and two 
bands 'at 1603 cm-'1 and 1 ~ 8 j  -ern-'' (benzene 
stretching). The PMR spectrum in CDC1, 
showed a doublet and an octet centred at r 8.24  
and T 4.58 due to AB3 system (jAB3 6 c/s) indi- 
cating the presence of CH3-CH-group in the 
molecule. 

Then there was another sharp singlet appearing 
a t  r 8 .  I for methyl group on benzene ring. Another 
ill-defined doublet was present a t  .: 7.8 for 

I 
 which showed a coupling-constant of 
2 c/s due to allylic coupling. This coupling 
constant indicates the presence of two C-methyl 
groups in cis configuration with each other in the 
side chain : CH3-CH=C-CH3. There was 

I 

The structure of nornidulin was further confirmed 
from its mass spectral fragmentation ions. 

From the ether and petroleum ether soluble 
fraction, another crystalline compound (m.p. 
180°C) was obtained, which analysed for 
CzoHI7O5Cl3 and was found to be nidu1in.s 

The extraction of the dried mycelium with 
petroleum ether gave nornidulin. Subsequent sox- 
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STUDIES IN THE BIOCHEMISTRI? OF MICROORGANISMS . 

Part XI.-Isolation of Tajixinthone, Shamixanthone, Ajamxanthone, Shahenxanthone, 
Najamxanthone, Radixanthone and Mannitol from Mycelium 

of Aspergillus stellatus, Curzi 

AHMAD KAMAL, SHAHEEN A. HUSAIN, RADIA NOORANI, NAJMA MURTAZA, 
I.H. @RESHI and ASAF A. QURESHI 

P.C.S.I.R. Laboratories, Karachi 39 

(Rccevicd February 13, 1970) 

Isolation o f  six pigments are described: tnjirar~tlrorre, m.p. 157-15goC, CzjHzn06;  slinmi.unr~flrorre, n1.p. 
153-154'C. C z ~ H ~ 5 0 5 ;  njnrrr.mritlioi~e, m.p. 132-134"C, C25H2404; sknlio~snrz~lioric,  r1i.p. 163-164"C, 
C25HF807; i~ojarrrsorrrhorrr, 1n.p. 180-182"C, C26Hz808; m~ii.~nrrt/rotre, m . p  202-203OC, C26H30Oy and 
nlann~tol from Asprrgillrrs sfcllntrr.i, Curzi. 

of the presence of a xanthone nucleus in the mole- 
In a previous  communication^ the isolation cules of these pigments. For instance, 1 , ~ -  

of terrein and kojic acid from metabolic solution clihydroxyxanthone2 shows I ~ , , , ~  a t  385 mp, 
of Aspergillus stellatus, Curzi was described. This 290 mp, 26 I mp, and 244 mp. Similarly I ,4-dihyd- 
paper deals with the isolation and characteriza- roxysanthone shows hIllax a t  3gom!~,  299 mv, 263 
tion of six golden yellow pigments and mannitol my and 229 my, and mangostin3 and its 
from the mold mycelium. derivatives, which have the xanthone structure, 

showed the same four U V  absorption bands in 
The mold was grown on Czapek-Dox medium the same ran\ge of 240-400 my. 

enriched with carrot extract and diammonium 
tartrate as nitrogen s0urce.I The  separated 
mycelium, dried and finely powdered, was ex- Tajixantho7ze.-Tajixanthone, the major frac- 
tracted with petroleum ether and finally with tion, was as very light golden 
ethanol. Removal of the solvent from the petro- yellow and analysed for C2~H2606. 
leurn ether fraction gave a purple coloured viscous The was further confirmed 

oil which on extraction with methanol gave cry- from its high resolution mass spectrum (found: 

stalline golden yellow residue (rn.p. 140-46°C) 4". 1 7 7 ~ ;  422 .  1 7 ~ 4 ) .  The UV 
The methanol-insoluble, purple oily residue is Spectrum showed >nlax a t  383 my ( E  4094), 292 
being investigated and our findings will be re- m p  ( E  15~701,  270 m!L (' 374.50) and 262 m p  

ported later. ( E  34930), 248 mp (E  27640) and 235 my (E  33670)- 
The I R  spectrum showed the presence of 

The ethanol extract gave a sugar, C6Hr4pb  
164-65°C) identified as mannitol (m.p. I 66 C) 

and further confirmed through its hexa-acetate 
'm.p. I 19-1 zo°C). 

The golden yellow, crystalline petroleum ether- 
soluble fraction, m.p. 140-46"C, when sul-?jecced 
to preparative thin layer chromatography o \e r  
Reiselgel G, with benzene-cther (95 :5) as SOIVC nt 
system, gave six golden yellow pigments. Thcse 
pigments have not been described before a r d  
have been given the following names for ease c f  
cliaracterization and discussion : Tuji,~antht ne, 
Sknmixalztho;ze, Ajarnxa;ztho~ze, Shahc;txcntho?ze, .hrojcm- 
m;ltho;ze and Radixanthone. 

All these pigments have U V  absorption bands 
in the range of 240-390 my and showed hmax 
at 386, 294, 273 and 240 my in each case. These 
UV absorption bands were strongly suggestive 

-OH (3506 cm-I), C H , = C H - ( ~ ~ ~ ~  cmW1), 
> C=O (1635 cm-I), benzene ring stretching (1600 
cm-I, 1568 cm-I), C-methyl (1470 cm-I). The  
PMR spectrum in deuterochloroform showed 
four sharp singlets a t  T 8.70 (3H) ; r 8.55 (3H) ; 
r 8.20 (3H) and r 7.78 (3H) each indicating 
three C-methyl groups, one of them (at : 8.20) 
located on the benzene ring. Another sharp 
singlet at  r 6.98  (3H) was indicative of either a 
C-CH3 or an  0-CH3. A multiplet centred 
a t  T 7.28 ( I H )  indicated a methine proton. A 
doublet appearing a t  T 5.57  (2H) indicated a 
methylene group due to AR, system (JAB, 3 CIS). 
There were two hl oad singlets a t  r 5.18 (113) and 
7 5.17 ( I H )  each for amethine proton adjacent to 
a double Irond. An ill-defined quartet was centred 
a t  r 4.58  - ( IH)  due to AB and A X  system (IAH 
3 CIS; ]AX 4 CIS). In  the benzenoid region there 
were two doublets (2H), appearing a t  T 3.24, 
T 2.48 ( J 10 CIS), indicating the presence of two 
protons ortho to each other. Another sharp singlet 
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STUDIES ON A PROTEOLYTIC ENZYME FROM WITHANIA COAGULANS DUNAL 

S.M. AMIR, S. MASOOD HASAN and SITWAT SULTANA 

P.C.S.I.R. Laboratories, Karachi 39 

(Rcceivcd Junc 25, 1969; revised October 23, 1969) 

A proteolytic cnzymc from fruits of IlJitlrnnin coilgr~lorts was isolntcl in a portinlly purificd form and its 
properties studied. Evidence 11as been presented to suggcct that the protcolytic activity is shown by thc sarne 
milk-clotting cnzylne, which llad bcen ohtailled earlier f rom this source. 

Withania coagulans grows commonly in the 
dry  regions of Punjab, Sind and Baluchistan. Its 
fruit is employed au a remedy for dyspepsia and 
flatulent colic in the indigenous system of medi- 
cine.' The milk-coagulating property of the 
extract of pulp and seeds, contained in the capsular 
fruits, has been recognised for a long time.2 A 
number of attempts have been made and des- 
cribed in the literature, to isolate the enzyme 
and to use it as a substitute for calf rennet in the 
preparation of cheese.3'4'5 

Dastur et aL6 who obtained the milk-clotting 
enzyme in aqueous extract of the pulp of the 
berries, found that extracts of seeds, leaves and 
stems had no clotting activity. They claimed that 
the cheese-making ability of their acetone pre- 
cipitated enzyme, compared favourably with that 
.of Hansen's liquid and powdered rennet.5 

Atal and Sethi in 1961,7 reported evidence 
for the presence of a proteolytic enzyme in the 
aqueous extract of the fruit, but the properties of 
this enzyme were not investigated any further. 

During the present investigation, studies on a 
-partially purified enzyme from the fruits of 
Withania coagu1a;zs were undertaken, and the effects 

of a range of inhibitors on the proteolytic and milk- 
clotting activities were compared. 

Material and Methods 

Substrate.-Casein and skimmed milk powder 
were used as substrates, for the determination of 
proteolytic and milk-clotting activities respectively. 

Eizzyme Solution.-All enzyme solutions used in 
the experiments were freshly prepared by extracti0.n 
of the dried powder with the appropriate buffer. 
Occasionally the solutions were stored in deep 
freeze for short durations only. 

Extraction of the E;zzyme.-Dried berries ( I  kg) of 
Withania coagulans, freed from husk, were ground 
a n d  the pulp extracted with water ( I  .5  1) follow- 

ed by a repeat extraction (750 ml). The  combined 
extracts were adjusted to a pH  of about 5.5, 1'y 
slow addition of small portions of I N  sodium 
hydroxide. The  mixture was kept overnight at 
22' when a light brown precipitate was obtained, 
which was removed by centrifugation (15 minj. 
T o  the clear supernatant solid sodium chloride \\.as 
added to give a final salt concentration of 10%; 
the precipitate which contained some protein, 
besides other substances, was discarded. 

The crude enzyme was precipitated from the 
supernatant by addition of sodium chloride (20\), 

and the mixture was kept a t  22' for 24 hr. There- 
after, the residue was separated by centrif~~gation, 
taken in water (50 ml) and dialysed against water 
( I  x50)  for 40 hr  a t  22'. The  enzyme was re- 
precipitated by addition of two-fold excess (v,v) 
of acetone and the mixture kept for 16 hr in 
the cold. Finally, the precipitate was centrifuged, 
washed with acetone and the residue dried in aacuo 
a t  room temperature. 

Measurement of Proteolytic Activity.-The method 
used was a modification of that described by 
ICunitz8 for the assay of trypsin. The  UV ah- 
sorption of the products of enzymic digestion was 
measured, following the precipitation of undigested 
casein by addition of trichloroacetic acid. 

The dried enzyme (0.25 g)  was always es- 
tracted with o .  I M phosphate buffer (pH 7) (2 j ml), 
and the insoluble residue was discarded. The 
supernatant obtained was employed in the experi- 
ments described, while each individual set of 
experiments were carried out using the same 
enzyme extract. 

The assay system for proteolytic activity con- 
sisted of 4 rnl casein ( I  94 soln) and 0 . 4  ml o. IM 
phosphate buffer (pH 7) containing the enzyme. 
The blanks contained either the heat-denatured 
enzyme or the enzyme substrate mixture, to which 
trichloroacetic acid had been added before the 
start of incubation. The  test and blank  solution^ 
were incubated a t  37' for 20 min, when 3 ml 5 : ;  
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THE METABOLISM OF ETHYL CARBONATE ESTER OF p-METHOXY-[U-I4C] 
PHENOL IN THE RAT 

Department of Biochemistry, University of Liverpool, Liverpool, England 

(Received Decelnbcr 16, 1968; reviscd Septe~nber 1,1969) 

Thc r~~etabolism of ethyl carbonate cster ofy-methosy-[U-14C] phenol in thc rat has bcen itlvcstigrated. Ethyl 
carbonate ester ofp-mcthoxy-[U-r4C] phenol was synthesizcd from [U-IlC] phenol arid purified by thin layer 
chromatography on silica gel and finally by chromatography on silicic acid-celite column. The radioactivc ester 
was fcd to thc rats and various tissues examined. About0.08% of the administered dosc was excreted in bile collcc- 
ted for 5 Ilr via a cannulation. p-Methoxy-[U-r4C] phcnol was very poorly absorbed in the animal tissues and also 
very quickly removed frorn them. Liver and intestine contairlcd appreciable anlount of radioactivity whilc heart 
and kidney did not contain nluch. Ubliqui~ione isolntcd fro111 tissue lipids did not contain any radioactivity. Thc 
trappcd carbon dioside from thc cspired air was found to bc nonradioactive. y-Methoxy-[U-r4C] phenol was niain- 
ly cscreted in a conjugated form in the urine. Aboiit 50% of the administered dose was foond in the urinc 9 hr after 
dosing. 

In  the animal body phenols undergo two main 
~ractions, namely conjugation of the hydrosyl 
group with glucuronic acid to form aryl glucuro- 
indes and with sulphuric acid to form cthereal 
snlphates.1-3 Other minor reactions include 
insertion of another hydroxyl group and in some 
caTes the methylation of this group has also been 
ohserved. Aromatic ethers can undergo several 
possible reactions in the animal body, hut the 
osygt:en-aromatic carbon link appears to be stable. 
Tliey get metabolized by hydroxylation of the 
aromatic sing4 or the ether lillli gets split up with 
the loss of allcyl group. Sometimes a I~ydroxyla- 
tion of the aromatic ring as well as dealkylation 
0ccurs.S 

The aim of the present experiments was firstly to 
check if any of the p-methosyphenol could be 
metabolized to form an intermediate in the hio- 
synthesis of ubiquinone(Q) nucleus and secondly 
to check on the mode of its excretion and the 
possibility of its metabolism to smaller fragments 
\rhich might be utilized for the synthesis of the 
Qside chain. For this, ethyl carbonate ester of 
p-rnetho~y-(U-~4C) phenol was synthesised from 
(U-14C) phenol. Three cxperimen ts were carried 
out. In the first two experiments only bile and 
tile major body tissues were examined but in order 
to investigate the metabolism of e thy1 carbonate 
ester ofp-mcthoxyphenol in more detail, the third 
experiment was conducted whereby the expired 
carbon dioxide and urine as well as the various 
orqans of the rat dosed with radioactive ester were 
examined. Previously it has been reported that 
in rabbits, p-methoxyphenol is mainly excreted 
ill the urine as the glucuronide or sulphate.5 The 
presence of p-methoxyphenol in beaver sweat 
gland secretion has already been reported.6 
- ~~ 

*Now at P.C.S.I.R. Laboratories, Ferozepur Road,  Lahore 16. 

Materials and Methods 

5j:nthesis of Ethyl Carbonate Ester of p-ilfethosy- 
(U-I4C) phenol 

Preparation of 14C-hjdroqui~zone.-The starting. 
material was (U-14C) phenol. Phenol was con- 
verted to p-benzoquinone which was then reduced 
to hydroquinone. The hydroquinonc was mcthy- 
lated to p-methoxyphenol which was finally esteri- 
fied with ethyl chloroformate. 

A very satisfactory method of of p- 
quinones is by coupling a monohydric phenol with 
diazotized sulphanilic acid. The azo compound 
is first reduced to p-aminophenol with sodium 
hydrosulphite, and this is subsequently oxidized 
to quinone. The method is particularly 
satisfactory for the preparation of alkylatecl 
quinone~.7-~I The method was first standardized 
with a cold run of phenol and the conditions for 
maximum yield in each step were determined. 

I mg (roo [LC) of uniformally labelled 14C-phenol 
was made up to 94 mg with carrier phenol and 
converted to p-'4C-benzoquinone by the above 
hydroquinonc method. p-I4C-benzoquinone was 
reduced to hydroquinone with sodium hydro- 
sulphite, and 39 mg of the I4C-hydroquinone 
was obtained. 

Methylation of Hydroquinone.-The 14C-hydro- 
quinone (39 mg) was made up to 50 mg by adding 
another I I mg of carrier hydroquinone and methy- 
lated according to the method of Mauthner with 
dimethyl sulphate.12 ACter the completion of 
reaction the contents were transferred to a small 
separating funnel and extracted several times with 
ether. The ether extract yielded 1 6 . 2  mg of the 
product. 
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AMINO ACID COMPOSITION OF PROTEIN CONCENTRATE PREPARED FROM 
LEAVES OF SUSBANIA AEGYPTICA (JANTAR) 

MUHAMMAD NAZIR and R / I L : H A ~ ~ ~ ~ ~ A D  SAEED 

P.C.S.I.R. Laboratories, Ferozepur Rood, Lahore 16 

(Rcccived October 23, 1968; revised Novenlbcr 24, 1969) 

Preparation of protein concentrate from the lcaves of Sl ,sbor~in o q y p t i c n  (Jantar) is reported. Amino acid 
analysis of the product showed that it contains thrconinc, isoleucine, phenyl analine, lysine, mcthionine and trypto- 
phanc to the extent of 2.8, 4.65, 15.7, 7.75,4.5 and 6.75% respcctivrly, in addition to other amino acids. Feasibility 
of incorporation of these amino acids into cereal products is discussed. Of special irnportancc are lysinc and mc- 
thionine, commonly lackins in cercals. 

The presence of protein in plants was first de- 
monstrated by Roulle as early as 1773 .~  The 
extraction of proteins from leaves was suggested 
by Ereky2 and Pirie.3 After that, considerable 
literature has appeared on the subject.4-10 
Al<eson and Stahmann reported that biological 
value of leaf protein concentrate was higher than 
beef, casein, soyabean and yeast.I1 Duclcworth 
and \Voodham12,13 studied the nutritive value 
of leaf protein concentrate as supplementary 
source of proteins for chicks and rats. Nazir and 
Shah14 tested the extractability of protein nitro- 
gen from some leafy plants and observed that 
leguminous and cruciferous plants were best sources 
of easily extractable proteins. 

Susbaizia aegyptica ( Jantar) plant, grown for 
animal feeding in tropical countries, a p ~ e a r e d  to 
present a suitable material for preparing edible 
protein concentrate. However, the knowledge of 
amino acid composition of protein of the plant 
material under investi~ation was essential before 

<, 

suggesting it for human consumption. This 
paper reports amino acid ccmposition of Susbania 
aegyptica (Jantar) leaf proteins extractable by 
weak alkali treatment method. 

Experimental 

Leaves.-Suabania aegyptica (Jantar) plants were 
collected from the experimental plots of the Labo- 
ratories. Both wildly grown and cultivated plants 
are available in this country. Ag-e of the plant 
at the time of harvesting was 150 days. 

Prejarntion of Leaf Protein Concc71lrate.-The 
leaves were stripped off from tough stems and 
minced in the mincing machine aftcr soaking in 
0 .2% sodium carbonate sclution. The homo- 
genous mass obtained was squeezed through 
double folds of muslin cloth for extracting the 

juice. The juice extracted was concentrated a t  
70 to 80°C, acidified to p H  4.0 with dilute sul- 

phuric acid and allowed to stand for q hr for 
complete precipitation of proteins. The pro- 
teineous material precipitated was separated from 
the supernatant by centrifugation at  2000 ~g for 
20 min, washed twice with distilled water (ad- 
justed to pH 4.0) followed by one washing with 
9594 ethanol. I t  was dried in oven a t  60°C for 
12 hr. 

Methods of Analysis 

All pH adjustments were carried-out with pH 
meter. iVitrog-en was rstimated by microlcjcldalil 
mctllod using a mixture containing g parts K2S0,. 
I part CuS04 and 0 . 2  part SeO,. Moisture was 
determined by drying the sample a t  rooCC for 
48 hr. Total sugars were determined by Folin 
and Wu method.16 Fibre was estimated by 
Hennebcrg acid-alkali method; ash, by direct 
incineration method, and sulfur by Osborn peroside 
method. All these methods have been described 
by IVint0n.~7 

The standard solutions of amino acids were pre- 
pared by dissolving 10 mg of each amino acid in r 
ml of 10% isopropyl alcohol and I drop of conccl 
hydrochloric acid. 

The acid hydrolysate of leaf protein concentrate 
was prepared as described by Block et aI.18 

Amino acid composition of protein hydrolysate 
was determined by two dimensional paper chro- 
matography, following the procedure described 
by Cramer.19 Mixture of n-butanol, glacial 
acetic and distilled water in ratio 50: 1o:qo war 
used as solvent I. Mixture of phenol and dis- 
tilled water in ratio 80:20 used as solvent 11. Chro- 
matogram was developed with 0.2 % ninhydrin 
solution in acetone containing 5 ml glacial acetic 
acid. Ninhydrin colour was rendered permanent 
for reasonable period by spraying the chromato- 
gram with mixture of o .  2 ml 10% H N 0 3  and I ml 
saturated copper nitrate solution in gg ml acetone. 
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BIOCHEMICAL AND NUTRITIONAL STUDIES ON INDIGENOUS COTTONSEEDS 
FOR THE PRODUCTION OF DETOXIFIED COTTONSEED FLOUR 

MUHAMMAD ASLAM,* MUHAMMAD ARSHAD and S. MAQSOOD ALI 

P.C.S.I.R. Laboratories, Ferozepur Road, Lahore 16 

(Received August 28, 1969; revised December 8, 1969) 

Free gossypol, total gossypo! and available lysinc content of ccrtain varieties of indigenous cottonsecd meats 
and meals has been determined wit11 a view to preparc a detoxificd cottonseed flour. Free ,oossypol which is res- 
ponsible for the toxicity of cottonseed was found to rangc from 0.9 to 1.45% in meats and from 0.16 to 0.88% in 
meals. Availablc lysine ranged between 3.2 to 3.5 g/16g N in meats and 2.1 to 3.3116 g N in meals which showed 
damage to protein quality in the latter due to processing. 

Experin~ents were conducted for eliminatinp frce gossypol by solvent extraction and by fixation with certain 
conipounds. It was found that frce gossypol could be eliminated more efficiently by ethyl alcol~ol (which is cl~eaply 
available in Pakistan) as compared with other solvent systems. Cottonseed tueal containing lcss t!lan 0.3% free 
gossypol could be detoxified by means of a mixture of calciuni and izon salts but the product was of a dark colour 
and could possibly be used as animal feed. 

Nec protein utilisation value showed that edible cottonseed flour prepared by treatment with calciu~n and iron 
salts was slightly of better protein quality as comparcd with alcohol extracted flour. 

Cottonseed meal has been highly esteemed as a 
protein concentrate for animal feeding especially 
for milch animals. Its use in the ration of mono- 
pstt'ic animals such as swine and chicks is limited 
due to the presence of gossypol, a yellowish grern 
pigment, which has been found to have adverse 
physiological effects on these  animal^.^'^ Gossypol 
may exist free or in bound form, the latter is the 
result of hlaillard type binding of gossy~ol with 
protein moiety. The epsilon amino group of 
lysine which is free in the processed protein is most 
sensitive to this type of binding and gets chemically 
combined with carbonyl group of gossypol or 
related pigments during cooking or expulsion 
of oil from cottonseed by hydraulic or expeller 
process.3 Although bound gossy~ol is not con- 
sidered toxic it reduces the protein value of the 
meal due to inactivation of a portion of available 
lysine.4 Hence, in judging the quality of cotton- 
seed meal, the quantity of both the free and bound 
gossypol is taken into consideration. 

Free gossypol in cottonseed meal is removed 
by employing solvents or a mixture of solvents 
amongst which acetone, acetone-hexane-water 
mixture, and alcohol have been found quite success- 
r-1,5!6 Various compounds such as sugar, and 

lzymes have also been tried to reduce tlle free 
,ssypol content.7 The addition of ferrous salts 

diets containing cottonseed meal has been 
own by various workers to reduce the toxicity of 
~ttonseed meal.8-lo Jt is believed that the 
:neficial effect of added iron are due to the for- 
ation of an insoluble iron compound of gossypol 
~d to the oxidation of gossypol thus decreasing 

*h4uhammad Aslam, Research Chemist, Nutrition Section. 

its concentration. Bressani et al.7 have showrt 
recently that the addition of iron in the presence 
of calcillm salt with or without cooking reduces the 
concentration of free gossypol in rood mixtures 
containing cottonseed flour to a very low level. 

Pakistan produces about I ,  I I 6,000 tons of 
cot ton~eed.~ '  A good deal of oil is cxpressed by 
solvent extraction process. The residue is used as 
a cattle feed or as fertilizer. Its export is limited 
because of its gossypol content. Hence the devel- 
development of an economical method for the 
removal of gossypol is necessary for utilization of 
this potential source of protein as focd. 

In the present study gossypol content (free and 
total) of some indigenous varieties of cottonseed 
mrats and meals obtained from differcnt sources 
has heen determined. Available lysine content 
was also measured with a view to determine the 
extent of damage to protein quality due to pro- 
cessing. Attempts were afterwards made to re- 
duce the free gossy~ol by different treatments, viz. 
extraction with solvents and fixation of gossypol 
with certain chmicals. Net protein utilization 
(NPU) of degossypolised cottonseed flour was 
determined to ensure that protein quality was not 
impaired to preclude its use as food or feed. 

Experimental 

Preparation of the Samples 

Samples of cottonseed were decorticated, the- 
meats finely ground in a pestle and mortar and 
passed through 60 mesh sieve. 
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PROTEOLYTIC ENZYMES OF DESERT LOCUST SCHISTQCERCA GREGARIA (FBRSKAL) 

S.N.H. NAQVI, Z.I. KHAN, S.A. QURESHI and N.A. KHAN 

P.C.S.I.R. Laboratories, Karachi 39 

(Received July 1, 1969; rcviccd Octobcr 9,  1969) 

Activity of proteolytic enzymes (pcptic, catheptic and tryptic) was deter~nincd according to  the method of 
Ton~eralli  rt 01.41 in the alimentary canal of dcsert locust. Tryptic activity was found to be significant a t  p H  8.3. 
I'rotexe activity was negligible in all the parts (whole and tissues) of the alimc~itary c.lnal of thc 1oc11st starved for 
48 hr. It was significant in forcgut, hcpatic caecae and midgut of  the locust starved for 12 hr. Protease activity 
was high in hepatic caecae and midgut tissuc resycctively. Aminopcptidasc activity w;lr significantly high in nlidgut 
and hepatic caecae while low in ~nfilpigliiati tubules. Dipeptidase activity was also significantly high in midgut, 
hepatic caecae and malpighian tubules whilc nleagrc in salivary glands. 

The literature on the proteolytic enzymes of 
insects has been reviewed by various workers.'-3 
Study of these reviews and other available litera- 
ture4-I3 on the enzymes of Schistocera gregaria 
(Forskal) reveal that no work has been done on the 
proteolytic enzymes of desert locust, although 
they play an important role in the digestion of 
proteins. However, the activity of these enzymes 
has been determined in Locusta by I<hai1.~4-[~ 
'Therefore, the study of proteolytic enzymes was 
undertaken to compare the present finclixigs with 
those of ~han14- l6  and other workers in various 
insects.'7-3'J Moreover, these studies were done in 
diffcrcnt parts of the alimentary canal, a t  
different intervals in starved and normal (starved 
for 1 2  hr only) locusts, to understand the digestion 
of proteins in desert locust. 

Materials and Methods 

Eizzyrne Source.-Locusts reared in the PCSIR 
Laboratories, Karachi, according to the method of 
Akhtar et al.40 were starved for 12 hr to evacuate 
the gut from food particles and 48 hr for studying 
the effect of starvation. Diff~rent parts of the 
alimentary canal of single,q-week old adult locust 
were taken for experiments. Insects were chilled 
for 10 min at -5OC and dissected in Ringer's 
solution. The alimentary canal was weighed and 
then homogenized in 4 . 0  ml phosphate buffer 
(pH 8 .3 )  in a Teflon Pyrex tissue grinder for 5 
mln. The homogenate was centrifuged for 10 min 
at 3000 rev/min to give a clear supernatant, which 
was stored a t  -5OC in a freezer. Extracts of 
different parts which included foregut, midgut, 
hepatic caecae and hindgut having luminal con- 
tents, and others like salivary glands and mal- 
pighian tubules, were also prepared similarly. 
The same parts were cut longitudinally to wash the 
luminal contents in Ringer's solution and then 
immediately dried on filter paper. After drying 
and weighing each tissue was extracted with I . o 
ml of phosphate buffer (pH 8.3)  as mentioned 
above. 

Determination of Enq~nze A'ctivitJ,.-Determination 
of peptic, catheptic and tryptic activities of the 
whole homogenate of the alimentary canal, waq 

done by using the chromophoric protein derivative. 
aso-albumen as substrate, according to the pro- 
cedure of Tomarelli et 01.4' Phosphate bufleerz 
with a pH rang- from 2 .  o to I o . o were used Sor the 
determination of the protcolytic activity (peptic, 
catheptic and tryptic). One ml of each buffer 
was mixed with 0 . 5  ml of the homogenate (from j 
ml homogenate of the whole gut), I . o  ml of tlie 
substrate solution and a drop of toluene. The 
mixture was incubated for 6 hr at 38'C One 
sample containing 1;oiled homogenate and a blank 
were taken, along with the normal reaction mis- 
tures for comparison. After incubation, undigcst- 
ed protein was precipitated by adding 5 .o  ml 5:; 
trichloroacetic acid to each sample. An aliquot 
( I  . o  ml) was taken from this filtrate and miser1 
with 4 . 0  ml o . 5 ~  KaOH to develop the coloul.. 
Optical densities were read at 440 m!L on thc 
spectrophotometer and the corrected readingi 
were converted into enzyme units, according LO 

standard method. 

Protcase activity in different gut parts and in 
their tissues was determined according to Tomarelli 
et al.4' by using homogxnates of different parts 
and their washed tissues. Incubation was done 
for o, I ,  3, and 6 hr a t  38°C in all the samples. 

For the determination of aminopeptidase and 
dipeptidase activity, 0 . 5  ml of the homogenate was 
prepared in the phosphate buffer and mixed with 
0 . 5  ml of substrate (57; solution leucylglycyl 
glycine for aminopeptidase and 5% solution glycyl 
glycine for dipeptidase) and the mixture was in- 
cubated a t  38'C for 6 hr. Samples of 3 :,.I wcrc 
withdrawn lkom the incubating mixture at o, 
I ,  3 and 6 hr  by a microsyringe and were 
applied to Whatman chromatographic paper No. I .  

Spots of the standard substrate, glycine and boiled 
extract were also similarly applied. Descending 
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FIELD EVALUATION OF PETKOLIN FOR THE CONTROL OF APHIDS 
ON DIFFERENT CROPS 

SHAHID HUSAIN ASHRAFI, RAEES A H ~ ~ A D  KHAN, RIAZUL ISLAM ZUBERI 
and ISHTIAQ ALI KHAN 

P.C.S.I.R. Laboratories, Karachi 39 

(Received Scptcmbcr 12, 1969) 

Petkolin in thc dosc of 1 Ib active ingredient pcr acre produced 97.6% mortality of black npl~ids on Santroza 
crop. T w o  Ib of Petkolin killed about 90% population of aphids on mustard crop. Two Ib of Petkolin controlled 
85.5 % population of aphids on peachcs. Two lb ultra low volci~lle conccntrntc of Petkolin checked 90% population 
on roses and 95% popi~lation on ttltlstard crop. 

The aphids have been a general and serious 
problem to the crops as they cause direct feeding 
injury in the absence of control measures like 
cillorosisl and leaf deformity by sucking the plant 
juices and their excreted honey on leaf surfaces 
serves as an escellent medium for fungal growth 
resulting in leaf discoloration and tissue deteriora- 
tion. It is very important to control them by 
chemicals. Therefore, this paper deals with the 
chemical control of aphids by using an indigenous 
pesticide Petkolin and other imported pest~cides. 

The indigenous pesticides PetkolinZ showed 
marked toxicity against cockroaches,3 houseflies 
and mosquito larvae in the laboratory. I t  was 
found safer to plants4 and mammals. Petkolin 
has also controlled many insect pests on different 
crops in the preliminary field trials.5 Later it was 
decided to find out the effective dose of indigenous 
Petkolin for aphids in the field and compare its 
effectiveness with other pesticides. The spraying 
of pesticides was done in the form of emulsion and 
ultra low volume concentrate (ULVC). The 
crops used were santroza crop; mustard crop, 
Brassica campestris; peaches, Prunus persica; and 
roses, Rosa rnacrophylln Lindl. The data were 
analysed statistically and the mortality results were 
corrected by Abbotts6 formula. 

Materials and Method 

The indigenous pesticides were sprayed in doses 
of 1-2 lb active ingredient per acre as emulsion and 
2 Ib per acre as ULVC. The emulsions were 
sprayed with Urgent Power Sprayer and ULVC 
was sprayed with Turbair-CIBA Hand Sprayer. 
The spraying was done in a way to hit the under- 
sides of the leaves. The size of each experimental 
plot was 114 acre. The treatments were replicated 
three to five times in a completely randomized 
design. The treatments were evaluated by count- 
ing the living and dead adult aphids on ro leaves 
per plant after 24 hr  and 72 h r  of treatment. The 
leaves were collected a t  random from the top, 

middle and bottom of the plant from each plot. 
The othcr pesticides included in the experiment 
were Safos, Anthio, Nuvan, Endrin, Dimecron, 
R~Ialathion, Bidrin, Sumithion, Ethion, Chloro- 
thion, Diazinon, Metasystos, Nexion, Phosdrin, 
Perfekthion, Sevin, Thiocron, Veltin, Vapona and 
iqagos. 

Results 

Petkolin was found effective against aphids and 
I lh per acre of it gave 97.6% mortality of black 
aphids, Anuraphis persicne Niger Smith on Sanfroza. 
I t  was also found effective in controlling aphids 
on mustard crop and 2 lb acre killed from 87% 
to go0/, population of aphids, Aphis brassicae L., 
in 24 hr. The other pesticides like Safos, Anthio 
and Nuvan killed 100% population of aphids. 
The recommended doses of Diazinon, Veltin, 
Chlorothion, Metasystox and Malathion con- 
trolled 81% to 92% population of aphids. I n  
comparison to this Perfekthion, Phosdrin, Thio- 
cron, Bidrin, Nexion, Sevin and Vapona did not 
give good results against aphids (Table I ) .  

Two-pound dose of Petkolin gave 85.5% mor- 
tality of aphids, iMyzus persicae Sulz., on peaches, 
whereas Ethion, Dimecron, Anthio, Bidrin, Per- 
fekthion, Malathion, Nexion and Nagos gave 82:/, 
to 961/, mortality. 

Petkolin was found quite effective in the form 
of ultra low volume concentrate (ULVC). I t  was 
observed that 2 lb ULVC of Petkolin killed 90% 
aphids on roses, and 95% aphids on mustard crop. 

Discussion 

I t  wasr evealed from the experiment that 2 Ib 
active ingredit-nt of Petkolin gave effective control 
of aphids on Santroza, mustard, peaches and roses, 
while 0.25 lb Bidrin, 0 . 3  lb Thiocron, I Ib 
Phosdrin, 0.25 1b Nexion, 0 .4  lb Perfekthion, I lb, 
Sevin and 0.25 lb Vapona did not give good 
control of aphids on mustard crop. 
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PLANT POPULATION STUDIES I N  TRANSPLANT RICE 

Part I.-Hill Density a n d  Yield i n  T ransp lan t  A m a n  Rice 

ABDUL LATIF MIAN and h4.A. GAFFER 

Departmatt of Agronomy, East Pakistan Agricztltural University, Myme~zsingh 

(Received Septenlber 13, 1969; revised December 2, 1969; 

Highest grain yield was not all the way associated with the highest plant population in transplant atlrnn rice. 
'Nigersail' variety when transplanted 3 ,4 ,5 ,6 ,7 ,  8 , 9 ,  and 10 in. apart with one seedling per hill in 10 and 12 in. apart 
rows, tended to give highest grain yield at within-row hill spacing of 5 in. although the grain yields of 3, 4, 5, 6 ,  and 
7 in. hill spacings arere statisticnlly identical. Grain yield tended to gradually decline as the within-row hill 
spacing increased or decreased from 5 in. While the grain yield in rice is proposed to be the joint function of (a) 
the average number of hills per unit area, (b) the averagc number of ears per hill, (c) the average number of graius 
per ear, and (d) the average weight of an individual grain, the straw yield is proposed to be joint finlction of (a) the 
average ~iulnber of hills per unit area and (b) the average straw-weislit of an individual hill. Formular expressions 
for these two crop characters-thegrain yield, and the straw yield-have been proposed and discussed in the paper. 

In East Pakistan, transplant rice constitutes the 
bulk of the total rice crop comprising three groups 
of rice-nus, aman, and boro. Of these, aman 
rice commands larger acreage and contributes the 
greater part of the total rice production in the 
province. In  transplant rice, hill density per 
unit area is of paramount importance for pro- 
ducing the highest yield under a certain set of 
growing c o n d i t i o n ~ . ~ ' 3 ' 9 ' ~ 3 ~ ~ ~  The work reported 
herein sought to determine the influence 
of hill density on the yield of transplant anzarz 
rice. It may be mentioned that for convenient 
operations of mechanical weed control and other 
interculture without hurting the crop plants, 
experience showed that the row spacing should 
not be closer than ro in. Ideal plant population 
density was aimed to be obtained by conveniently 
regulating the hill spacing. 

Mater ia l s  a n d  Methods  

The study was conducted a t  the Agronomy 
Field Laboratory of the East Pakistan Ayricultural 
University a t  Mymensingh in 1968. The experi- 
mental land, belonging to the Bramaputra Alluvial 
Soil TractTT of the province, was medium high 
In elevation with sandy loam soil having a pH 
lange of 6.4 to 6.6. The N, P,OS, K 2 0  and 
orqanic matter contents of the soil were 0.080, 
0 087, and r .53% respectively. The total 
monthly rainfall received at the experiment station 
[torn July to December were I 7.65, 8.88, I I .73, 
2 94, I .35, and 0.00 i ~ c h c s  respectivrly. T l ~ c  
dally average temperaturc and the day lcngth 
during the period of experimentation rangccl fiom 
76 to g I O F  and 10.50 to 13.50 hr respectively. 

Thirty-two-day old seedlings of a local high 
yielding variety, Nigersail, of transplant aman 
rice were transplanted in well-puddled land on 1st 

September in 10 and r 2 in. apart rows a t  hill 
spacings of 3, 4,5,6, 7 ,8 ,  9, and T O  in. in the rows 
with one seedling per hill. The crop was fertilized 
with an added nutrient dose of 40 lb N, 20 lb 
P (element), and 30 lb K (element) per acre. 
Half of N and the whole of P and K were applied 
2 clays before transplantation, the remaining half 
of N being applied a t  the Lag-vegetative phase~5,16 
of the crop (at the plant age of 75 days in this 
case). Weeds were controlled by two hand 
weedings, 3 and 6 weeks after transplantation. 
No irrigation was given. 

The experiment was laid out in split-plot design 
with the row spacings in the main plots and the 
hill-spacings in the unit plots using three replica- 
tions. The net area of a unit plot was o .or acre. 

The experimental crop was studied for the 
following crop characters: ( I )  average number of 
ears per hill, (2 )  average number of grains per ear, 
(3) average weight of an individual grain (in terms 
of weight of 1000 grains) in g, (4) grain yield per 
plot, and (5) straw yield per plot. 

The crop was harvested on ngrd December 
i.e. after a total growth durationIs,16 of 145 days. 
Individual p!ots were harvested and processed 
separately. Sun-dried grains and straw were 
weighed to record grain and straw yields per acre 
respectively. Ten hills, per plot, were tagged at 
random during thc carly sta<ge of plant growth and 
data in respect of crop characters under serial 
numbers I to 3 above were recorded from them 
in the usual way. 

Resul t s  

The mean results obtained in respect of the- 
crop characters studied have been presented in 
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EFFECT OF TYPES OF SEEDLING NURSERIES ON THE GROWTH-PHASE 
DURATION IN TEN RICE CULTIVARS GROWN AS TRANSPLANT AUS RICE 

ABDUL LATIF MIAN and SHAIKH MUJIBUR RAHMAN 

Department of Agronomy, East Pakistan Agricultural University, iMymensingh, East Pakistan 

(Received September 16, 1969) 

Seedlings of ten different rice cultivars, namely, Dharial, Kataktara, Charnock, Dular, Marichbati, MIFB-322-1, 
Taichung (native) 1, IR8, IR5, and Peta werc raised in three different types of seedling nurseries, 'normal', 'dapog', 
and 'floating; and the effect of types of seedling nurseries on the different phases of growth and their durations In 
transplant nus rice were studied. Five growth phases, viz. germination phase, active vegetative phase, lag-vegetative 
phase, active reproductive phase, and grain development and ripening phase, were recognized in IR5 and Peta only. 
The lag-vegetative phase was found absent in other eight cultivars. The  floating nursery seedlings completed their 
active vegetative phase about a week earlier than the seedlings from the other two types of nurseries. The length 
of the total growth duration offloating seedlings was also4 to 5 days shorter than those ofseedlings of the other two 
types of nurseries. There was no  practical difference between normal and dapog nurseries. The  ten cultivars 
under study varied significantly in the durations of their different growth phases as well as in their respective total 
growth durations. The duration of the active vegetative phase appeared to be directly proportional to the length 
of the total growth duration, or vice versa. The total growth durations of the exotic cultivars were, in general, 
longer (121-176 days) than those (106-118 days) of the local ones. 

For scientific culture of a crop, a thorough 
knowledg-e about the different phases of growth 
that the crop completes its life cycle through is 
essential.I131z Judicious and timely application 
of fertilizers, irrigation, weed control, and other 
intercultural operations are possible only when 
the different growth phases of the crop and their 
durations and requirements are well determined. 

Different workers have reported variously named 
different phases of growth in rice. Some 
workers3,'o have recognized only two phases of 
growth in the life of a rice plant, while others20)21 
have divided the entire life cycle into three phases, 
and still others2 have reported four growth 
phases in rice plants. Mian et al.II,12 have re- 
cognized in rice five growth phases, namely, 
germination phase, active vegetative phase, lag- 
vegetative phase, active reproductive phase, and 
grain development and ripening phase. 

Although aus rice is grown in East Pakistan 
mainly as a broadcast-sown crop, transplantation 
is followed' on a limited scale in the districts of 
Sylhet, Chittagong, and Dacca. Experimental 
e~idence4,S,II,IZ,13 ,'5,17d* indicates that, with 
irrigation facilities available, transplant rice crop 
yields higher than does a broadcast crop. Now, 
rice seedlings for transplantation may be raised 
in different types of seedling nurseries. Effect 
of different types of seedling nurseries on the per- 
formance of rice crop has been reported else- 
where.14 In  the present paper is reported the 
effect of different types of seedling nurseries- 
iormal, dapog, and floating-on the duration of 
lifferent growth phases as well as on the total 
~rowth durations of ten local and exotic cultivars 

(varieties) of rice. In  the present study, the 
different growth phases will be as reported by 
Mian et al.",12 

Materials and Methods 

The experiment was conducted a t  the Agronomy 
Field Laboratory of the East Pakistan Agricultural 
University, Mymensingh, during the period from 
April to October 1968. The experimental plot 
belonging to the Brahmaptura alluvial soil tracts 
of the province was a medium high land. The 
soil was silty loam in character having a pH of 
6.6-6.8. The total rainfall received a t  the ex- 
periment station during the said period was 67.57 
in. The daily maximum and minimum relative 
atmospheric humidity were 89.66 and 56.25% 
respectively, and the monthly average day lengths 
during April to October were 12.55, 13.10, 
13.40, 13.30, 12.85, 12.22, and 11.52 hr res- 
pectively. 

Seedlings of five local rice cultivars (varieties), 
namely, Dharial, Kataktara, Charnock, Dular, 
and Marichbati, and 5 exotic cultivars-MIFB- 
322- I ,  Taichung (native) I ,  IR8-288-3, IR5-47-2, 
and Peta-were raised in three different types of 
seedling nurseries, normal, dapog, and floating 
and transplanted in the main field a t  the age of 26 
days. 

Normal seedling nursery was prepared in 23 in. 
diameter drums. For this purpose the drums were 
filled with loamy soil which was compacted well 
except for the upper 6 in. of soil. Each of the 
drums was fertilized with urea, treble superphos- 
phate, and muriate of potash to apply 28 lb,  N, 
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SOME APPLIED ASPECTS OF GIBBERELLIC ACID IN BARLEY AND WHEAT* 

RIAZ A. KHAN, SHAUKAT H. HASHMI and SAEED AHMAD 

Deeartment of Agronomy, West Pakistan Agricultural Universit3,, Lyallpur 

(Received July 4, 1969; revised September 26, 1969) 

Spraying of barley spikes, before grain development or at stages during sccd maturation, with 500 p p n ~  aqueous 
solution of gibberellic acid brokc the characteristic seed dormancy of frcjhly harvcsted barley secds. Seeds so 
obtained produced nlore vigorous seedlings than did the seeds from unsprayed spikes. In a preliminary pot trial, 
soaking of wheat seeds for 24 hr before sceding in 500 pprn aqueous solution of gibberellic acid showed an increase 
in yicld of late sown whcat as conlpared to thc yields obtained fro111 dry-sowing and transplanting methods re- 
con~tnended for late sown wheat in West Pakistan. 

Freshly harvested seeds of barley showing 
characteristic dormancy require a maturation or 
after-ripening period before prompt germination 
can occur. This after-ripening period may vary 
from 2 weeks to g months in bar1ey.I Breeders 
anxious to grow as many generations in as short a 
time a5 possible are faced with the need for over- 
coming fresh seed dormancy. Another incon- 
venience experienced with such dormant seeds is in 
their failure to sprout when a test is made to 
determine their viability soon after the harvest. 
While a relationship between a post-harvest 
dormancy and gibberellic acid is recognized in 
harvested or air-dried seeds2'3,4 very little is known 
about the possible effects of its application at 
stages during seed maturation in cereals. An 
attempt, therefore, was made in the first part of 
this work to study the effects of gibberellic acid 
application a t  stages during seed maturation on 
fresh seed dormancy and growth of the seedlings 
emerging from these seeds in barley. 

Occasionally, wheat has to be sown late on large 
areas of West Pakistan due to the failure of timely 
rains or inadequacy of irrigation water for pre- 
paration of moist seed bed a t  the right time. 
This results in considerable reduction in acre- 
yield in such late sown areas. This reduction in 
yield is attributable to the availability of a rela- 
tively shorter growing period resulting in decreased 
vegetative growth and limited development of 
other-yield components. Gibberellic acid has 
been reported5 to stimulate vegetative growth of 
many cereals and grasses especially a t  times of 
normally slow growth. I t  has also been reported6 
that many of the cold-rcquiring steps of develop- 
ment in many plant species will be satisfied with a 
gibberellin treatment. Hence, it was contemplated 
in the latter part of this work to gather information 
whether gibberellic acid treatment could increase 
the yield of late sown wheat planted in January), 

*The work relating to barley was partly carried out by the 
senio author (R.A.K.) in the Department of Agronomy, 
University of California, Davis. 

either through stimulation of its vegetative growth 
or possibly by making up its low temperature 
requirement that would have been obtained if the 
crop were sown normally in October-November. 
Simultaneously gibberellic acid treatment was 
compared with the dry sowing and the trans- 
planting methods which have been reported to 
improve the yield of wheat under late sown cnndi- 
tions in West Pakistan.7 

Materials and Methods 

The work relating to barley was initiated in 
1967 at the University of California, Davis. 
mildew-resistant type of Atlas barley, designated 
UCD 2010, was grown in greenhouse in 15-cm 
pots filled with a mixture of two-thirds loam soil 
and one-third sand. Four plants per pot, watered 
as necessary to prevent moisture stress, were grow11 - 
to maturity. Greenhouse temperatures were 
maintained near 2 I "C day and 15°C night. The 
age of the caryopsis during maturation was stated 
in terms of days after awn emergence of the spike 
bearing the caryopsis. A tag bearing the date of 
awn emergence was placed on each jointing culm. 
The spikes a t  2 1  days after awn emergence were 
sprayed daily for 3 days with 500 or 1000 ppm 
aqueous solution of gibberellic acid. Seed was 
harvested when all green coloration had left the 
spike. Immediately upon harvest replicated jo- 
seed samples were planted a t  I .5-cm depth in 
moist sand and germinated in a growth chamber at 
constant 15" and 20°C as well as alternating tem- 
peratures of I 5" and 20°C with 8 hr of low intensity 
illumination daily. Germination was based on 
seedling emergence counts recorded for 14 days. 

Subsequently the study was continued at the 
West Pakistan Agricultural University, Lyallpur, 
where seeds of barley Type-5 growing under the 
natural conditions in the field were sprayed with 
500 ppm aqueous solution of gibberellic acid at 
7, 14, 2 I and 28 days following awn emergence. 
The seed was germinated a t  room temperature, 
on moist filter paper in g-cm petri dishes I day 
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CERAMIC COLOURS 

Part 1 I I . B l u e  Stains 

M. YOUSAF, M. AYUB, M A .  BEG and F.A. FARUQI 

P.C.S.I.R. Laboratories, Lahore 16 

(Received October 17, 1969) 

Blue stains compounded of oxides of zirconium, vanadium and cobalt have been studied. Different shades of 
blue have been developed and optimu~n compositions and conditions have been established for the respective shades. 
The stains have been studied for use as underglaze colours, and also as in glaze stains. 

This study of blue stains is a continuation of 
earlier workT,2 on ceramic colours. Blue stains 
can be prepared from cobalt or vanadium oxides 
and both have their own merits. Shades obtained 
with cobalt cannot be achieved with vanadium 
and vice versa. I-Iowever, by the combination of 
these two type of stains, all the shades of the blue 
from delicate turquoise to a deep royal blue can be 
achieved. Vanadium blues can be blended with 
vanadium yellows to get green shades. These 
stains have been studied, keeping in view the 
demands and the conditions prevailing in the 
local pottery industry which is, a t  present, im- 
porting almost all of its colour requirements. 
The glaze used in the local pottery, with a little 
variations in different factories, is frit 80%, clay 
loo/, and quartz 10%. The  composition of the 
frit being glass (ordinary soda lime) 70%, red 
lead 2 0 %  and borax 10% and the body used is 
talc 52%, K.D. clay 25%, glass 20% and whiting 
3%. Locally made stains as well as some of 
the imported stains do not behave satisfactorily 
when used under this glaze. We have tried 
successfully, using the same body and glaze, to 
stabilise blue as well as other stains by incorporat- 
ing special flux compositions into these stains as 
mill additions. After trials in the Laboratories, 
these stains were provided to local pottery makers 
~vho  found them satisfactory. 

Experimental 

Raw materials. -Indigenous materials have been 
used as far as possible. The imported materials 
used were of technical grade. The analysis of the 
indigenous materials used is given in Table I .  

Vanadium oxide was added as ammonium meta- 
vanadate. B 2 0 3  was added in the form of 
H3B03. 

Chemical Composition.-The following four series 
of stains were studied: ( I )  Zr02-V20,-SiO,; 
(2) Coo-A1,03; (3) Coo-Si02;  (4) Coo-A1203- 
SiO,. 

In series I ,  several compounds were tried to 
stabilize V ~ +  4 into the lattice of ZrSi04. Only 
one of them gave good results. Similarly, in 
series 2,3 and 4, ZnO and H3BO3 were found 
for improving the quality of the stains. 
suitable 

Temperature of Calcination.-Exact firing tem- 
peratures for different compositions were located 
by trial firing. T h e  temperature selected for 
each composition was such that if overfired it 
would change into clinkers. 

Preparation of Stains.-The ingredients were 
weighed in batches of 50 g each, mixed thoroughly 
in an  agate mortar and placed in grog-fire-clay 
crucibles. The  firing was done in a globar type 
electric furnace. After calcination, stains were 
ground in a mortar and washed with water if 
necessary. Water washing helped in eliminating 

Material Clay O,/, Quartz :/, Whiting % 
-- 
L/l 10.00 0.42 43.84 
SiO 59. 10 97.02 0.62 
A1203 29.10 I . 2 2  0.  12 

Fez03 0 .  90 0 . 1 5  0.07 
KzO - - - 

N a 2 0  - - 

CaO 0.77 o .88 54.62 
MgO 0 .  Kg 0 .  I 2  0.  I 2  
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THE EFFECT OF BLEACHING ON THE DEGREE OF POLYMERISATION OF 
JUTE CELLULOSE 

M.H. RAHMAN and M.M. HUQUE 

Department of Chemistv, University of Dacca, Dacca 2 

(Received June 21, 1969; revised November 15, 1969) 

Jute fibre was bleached with 0.7% sodiurn chlorite solution at pH 4. The  effect of time, temperature of blca- 
clung etc. on jute cellulose was investigated. In general bleaching affects degree of polymerisation of ju te  cellulose. 
The degree of polymerisation of cellulose obtaincd by bleaching jute was deternlined by viscosity nieasurements 
of the solution ofnitro derivatives of the cellulose in each case. I t  was observed that least change in D.P. of cellulose 
from completely bleached jute takes place when bleachins is done within a temperntiire range of 65OC and 70°C. 
The time required for complete bleaching at this temperature is about 80  min. 

The strength of cellulosic fibres is known to be 
dependent on the degree of polymerisation of the 
cellulose polymer. I n  jute the cellulosic com- 
ponent is separated from the noncellulosic part by 
bleaching. A 0 .7% sodium chlorite1 solution 
at pH 4 has been shown to have the best bleaching 
effect on jute. I n  order to retain the strength of 
tllecellulose obtained from jute it is important that 
the bleaching be carried out under conditions 
where the least change in degree of polymerisation 
takes place. Although considerable work2,3 
has been carried out on the bleaching of jute by 
sodium chlorite no attention on this aspect of the 
bleaching operation seems to have been given. 
The present work was undertaken with a view 
to finding out the conditions of bleaching, such 
as time, temperature, fibre to bleaching liquor 
ratio etc., such that there is least change in the 
degree of polymerisation of the cellulosic com- 
ponent. 

mixed acid method. The  nitrocellulose was 
freed from acid for stabilization.5 Nitrocellulose 
was dissolved in pure ethyl acetate and the viscosity 
of the solution was measured by a modified "Ub- 
belohde" type ofviscometer a t  30°C. The nitrogen 
content of the nitrocellulose was estimated-by 
Devarda's method. 

Results and Discussion 

I t  was observed that bleaching with o .7y6 
NaCI02 a t  pH  4 a t  low temperatures is slower 
than that a t  higher temperatures. Time required 
for complete bleaching a t  various temperatures 
are given in Table I ,  the presence of lignin being 
tested by spot test in each case. 

Experimental 

The sample under investigation was of Corchorus 
olitorius type. The plant was sown a t  the end of 
April and reaped by the end of September. I t  
was immersed under water for 15 days and the 
fibre was separated from the sticks and dried in 
the sun. The  fibre was about 275 cm to 300 cm 
in length. I t  was arbitrarily cut into three parts- 
50 cm from the bottom end, 50 cm from the top, 
the remainder being considered as middle fraction. 
The middle fraction was chosen for the present 
investigation. This was reduced to small pieces, 
about I inch in length. The fibre was dewaxed 
and dried at  room temperature in air and pre- 
served in a bottle for subsequent bleaching opera- 
tion. The jute fibres were mixed thoroughly and 
the l~omogeneous part of the fibre was bleached. 
The presence of lignin was tested by spot test.4 
The bleached jute fibre was dried in air a t  room 
temperature and then dried in an  oven for 3 hr  a t  
5ocC The bone-dry cellulose was nitrated by 

Temp of 
bleaching (OC) 60 65 70 75 80 
Time of com- 
plete bleaching 150 100 60 55 45 
(min) 

The fibre was bleached a t  various temperatures. 
The sample was nitrated under identical and re- 
producible condition. Percentage of nitrogen 
was estimated. Intrinsic viscosity, [-GI of the nitro 
derivatives was found out by plotting .cSy/C vs 
C in each case, C being the concentration in 
per roo ml of the solution. I t  was known that 
intrinsic viscosity of cellulose nitrate changes with 
its nitrogen content. The values were, therefore, 
corrected for theoretical trisubstitution by the 
method of Lindsley and Frank.6 

Nitrogen content (XN) ,  intrinsic viscosity, 
[71] and intrinsic viscosity corrected, [?I corrected, 
are given in Table 2. 
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FELTING OF PAKISTANI WOOLS AND ITS RELATIONSHIP WITH MEDULLATION 

P.C.S.I.R. Laboratories, Peshawar 

(Received June 21, 1969) 

Studies have been made on felting behaviour of a number of Pakistani wools. The possible factors which affect 
felting such as diameter, friction, fibre length, crinlpslinch and crimp form have also been studied. It was found 
that Kaghani wool exhibited the lowest felting ability whereas Lohi wool the highest. It was also found that, in 
order to make a good felt, the percentage of true fibres should not be less than 60%, and conversely that of medullat- 
ed fibres not more than 40%, provided the configuration of true fibres is sine and that of medullated fibres straight. 

Most of the factories located in north western 
areas of West Pakistan are making felts for local 
consumption. The quality of these felts differs 
widely, because of unscientific methods used for 
the production of these felts. One of the draw- 
backs in such felts is that medullated fibres are 
loosely held and can easily be taken out. Lack 
ofscientific data on the felting of medullated fibres 
could well be the reason for this situation. 

Considerable work has been done abroad on 
felting, most of this being on yarn and fabric.' 
In recent years, however, some work has also been 
done on loose woo1.2,334 These studies have 
been made on wool fibres which are completely 
free from medullation. As such, these studies are 
not directly applicable to Pakistani wool as it 
,contains considerable amount of medul1ation.s 

The mechanism and causes of felting have been 
the subject of a great deal of previous investigation 
and controversy. I t  has now been proved experi- 
mentally that migration of the fibres occurs during 
felting.6,7,8 As for the effect of friction on felting, 
i t  is still not clear what part is actually effected 
in felting. All that seems to have been established 
is that, a fibre must have a directional frictional 
effect (D.F.E.) in order that felting can take place. 
As regards the effect of other characteristics, it has 
been shown recently that crimp form is an im- 
portant factor in felting i.e. a fibre with helical 
configuration does not felt easily in comparison to 
that with sine f 0 r m . y ~ " J , ~ ~ ~ ' 2  The other physical 
characteristics such as diameter, crimps/inch and 
fibre-length have been shown to be of little im- 
portance. 

The present study aims at finding out the felting 
behaviour of different Pakistani wcols. Emphasis 
has been laid on the effect of medullation on felting 
i.e. how far the increase or decrease of medullation 
affects the felting behaviour. The effects of a 
number of other factors viz. fibre-length, diameter, 
friction, crimps/inch and crimp form have also 
been studied. 

Materials and Methods 

Wool Samples.-Out of some 20 breeds found in 
the c0untry,~3 12 were included in the present 
investigations. These breeds included some pro- 
genies obtained by crossing the local breed with 
imported Rambouillet. Thus the samples ranged 
from fine to coarse wool types. Table I shows the 
various breeds and the areas where they are raised, 
I t  may be mentioned that these areas are not 
specific for the reason that some of the breeds are 
migratory and are reared in different localities in 
different weathers. 

- - 

No. Breed Area 

I Hashtnagri 
2 Michni 
3 K a ~ h a n i  (cross) 
4 Kail (cross) 
5 Lohi 
6 Buchi 
7 Harilai 
8 Uibrik 
9 Damani 

10 Dulnbi 
1 1  Iiookn 
12 Country (crosc) 

Charsadda, Mardan 
Peshnwar, Tribal areas of Kohat 
Kaghan Valley of Hazara District 
Azad Kash~nir 
Lynllpur, Multan, Lahore, Snhiwal 
Bahawalpur, Cholistan 
Qiletta 
Makran, Sibi 
Dera Islnail Khan 
Sind 
Jacob Abad, Hydcrabad 
Azad Kashmir 

The samplcs from the above breeds were taken 
from body ~vool (mid-side) and were treated 
first with petro!eum ether followed by alcohol and 
distilled water. The following tests were made 
on these wool.. 

Medullation.-About 0 . 3  g of wool from each 
sample was taken and the three types of fibres i.e. 
true, heterotypical and medullated were separated 
with the help of benzene test.I4 Each type was 
weighed and the percentage calculated. Due t o  
their low occurrence, kempy fibres were not in- 
cluded in the present investigation. 
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MECHANISMS OF WOOL SHRINKAGE IN FABRIC, YARN AND LOOSE WOOL 

P.C.S.I.R. Laboratories, P.O. Kazla, Rajshahi, East Paki~tan 

(Received July 12, 1969; rcviscd, November 4, 1969) 

Felting shrinkape ill wool assemblies proceeds initially at  a rapid rate followed by nn extremely slow ratc arising 
from two diverse mechanisms u-Ilich are attributable to a difference in thc dczrees of f recdo~n arsociated with fibre 
movement. In the initial rate, fabric shrinkage varies with crimp ratio, twist and cover factor in the diminishins 
order of their significancc. It is also correlated with yarntex and tenacity. T h e  ailalyscs further reveal that wool 
felting at various stages of processing is governcd by the same fibrc characteristics which are, howevcr, subject 
to  interactions with asseulbly gcorilctry. Besidcs, tightness of fabric structure may not be a callsc of Shorter's 
nlcchanism in felting, although it increases fabric relaxation shrinkage. 

The term "wool shrinkage" may sometimes 
mean the converse of yield during valuation of 
clips as in the U.S.A.,' but generally it represents 
the outcome of a process variously called fulling, 
milling or felting, well-known to the textile indus- 
try since the 12th century.2 In addition to the 
manufacturing difficulties of "cotted" or matted 
fleece, felting shrinkage creates the problems of 
dimensional changes during end-use of wool gar- 
ment. A comprehensive solution to these pro- 
blems obviously needs systematic study of the 
relevant factors in a wide range of variation. 

The unusual manifestation of spontaneous 
felting3-6 appears to emphasise fibre writhing due 
to the differential swelling of ortho and para 
cortices with moisture regain variations. The 
importance of fibre twisting during felting pheno- 
-menon has been recognised by several workers.7-13 
The fibre writhing produces localised compression 
.of the contiguous fibres, thereby creating new 
frictional contacts. The scale structure of the 
cuticle then ensures resultant fibre migration by 
preferential stabilisation of the rootward move- 
ments. The key requirement appears to he that, 
regardless of whether thc forces are internal or 
external, directed14 or undirected,'s they must 
produce a degree of compression, either of the 
entire wool assembly or a t  localised sites. Com- 
pressive forces would rupture some of the existing 
frictional contacts to thrust new ones more fre- 
quently. On releasing the force, the deformed 
fibres would tend to recover their initial positions. 
This tendency would be opposed by the new 
frictional contacts, particularly, those arising 
originally from fibre movement in a with-scale 
direction. The repeated compression and release 
would thus induce quantised rootward displace- 
ments of the fibres or their parts governed by a 
ratchet mechanism. 16 

The tendency of wool fabrics to shrink, when 
rubbed or squeezed repeatedly in aqueous media 

depends on both the unique morphological struc- 
ture17 and the restrictions imposed by the manu- 
facturing conditions. I11 this study, the former 
has been maintained constant by using the same 
wool in order to ascertain the precise influences 
of the latter and a washing time far beyond the 
usual limits. 

Experimental 

A Merino wool of fibre diameter 20.4 u, length 
9 .  o cm and crimp 4.6/cm was processed in the 
shortened Bradford system to produce single 
worsted yarns of nominal counts go, 60 and 30 tes, 
each count bcing spun a t  3 levels of nominal twist 
factors-I .7, 2 .  o and 2.5. Only the coarser yarns 
were found to be suitable for knitting with the aid 
of a 2-bed universal knitting machine equipped 
with 7 gaugelinch. The stitch length was ad- 
justed a t  I .64 cm for plain fabrics of density 4 
wales and 5 courses per cmz. 

Shrinkage Testing.-With a view to isolate the 
residual relaxation x from felting y of a relased 
fabric of area A during felting, the following de- 
finitions have been analysed binomially. 

x+y x y 
Apparent felting shrinkage - - --$- ( I )  A A A  

True felting shrinkage 

if ,K is too small to retain any multiplication term 
x / A  or its higher power. Previous studies'8jI9 
suggest that the value of x depends on temperature 
and pH of the medium. In  water, the relaxation 
attains a limiting value corresponding to each 
temperature within 5 min18,20 so that it may be 
considered practically independent of time if the 
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SCIENTIFIC GRADING OF JUTE 

Part 1V.-Determination of Copper Number and Nitrogen Content of 
Different Grades of Jute 

M. MANZOOR-I-KHUDA, A.S.M. SERAJUDDIN, M.M. ANWARUL ISLAM, MD. NURUL AMIN: 
M. BOSE, ABDUL AZIZ KHAN and MD. SHAHJAHAN 

Departmelzt o_f Chemistry, Technological Research Board, Jute Research I~lstitute, Dacca 15 

(Received Novcnlber 20, 1969) 

The copper nu~nbcr of differcnt grades of white (Corcknrris capsularis) and tossa (Cnrclroro~is olitorrrs) jute 
increases from higher to the lower grades of jute in cach variety. Tossa has conlparatively higher copper number 
valuc than white jute. Results show bctter grades have lower copper nulilber values thus indicat!ng that the reduc- 
ing end groups are present in co~nparatively larger number in the inferior grades of jute. Nitrogen content of all 
varieties of jute appears to vary between 0.12 to 0.26% and do not show any clcar distinction as to the grade or 
variety ofjute. 

Our previous communications1-3 on the 
scientific grading of jute indicated that the lustre, 
cellulose content and lignin content of different 
yrades of white and tossa variety of Pakistani jute 
Giffer significantly with the difference in grades. 
Some of the physical characteristics of jute e.g. 
tensile strength of spun yarn, fibre bundle strength, 
tenacity of single fibre, tenacity of single fibre at a 
fixed percentage extension, fineness and bursting 
energy are now being investigated to establish 
if some of these can serve as a scientific basis for 
distinguishing between different grades of jute. 
Present investigation deals with chemical analyses 
of some of the measurable factors applicable to 
jute namely, copper number4,s and nitrogenr,7 
content. 

Copper number represents the reducing power 
of a cellulosic material due to the aldehydic end 
groups of the molecular chain. The values are of 
a low order with normal cotton cellulose, and any 
change in the cellulose, resulting from heat, 
action of acids, action of alkalis and action of 
oxidative or hydrolytic agents, is normally well 
marked by an increase in copper number. One 
cellulose may differ substantially in its analytical 
characteristics from another kind. This deviation 
of cellulosic fibre may also resuit from its growing 
conditions, method of its isolation, and the action 
of physical and chemical agencies upon it. Such 
changes are due to alterations in the structural 
balance of cellulose chain along with shortening 
of the average chain length. Oxidative or 
hydrolytic agent causes the fibre to develop 
reducing properties within it. The determination 
of this reducing power by estimation of copper 
number is, therefore, of consider-able significance 
for determining specification of cellulose and also 
of  the fibre. The present investigation was carried 

out to determine the copper number of differeili 
grades of Pakistani white and tossa jute. 

The copper number of the different grades of 
Pakistani jute-white (Corchorus capsularis) and 
tossa (Corchorus 01itorius)-was determined by 
conventional chemical methods. The tossa 
variety has been found to have higher copper 
number than the white variety. The top grades 
of both the varieties have lower copper number 
than the respective lower grades up to grade D. 
The E grades of both the varieties, show a lo.i\~r 
copper number value compared to the higher 
grade D. This is possibly due to the fact that the 
bottom grades contain coarser and more matured 
fibres w ~ t h  higher percentage of bonded entl 
groups, additionally, grade E appears to bc a 
mixture of rejects from all grades, thus reducing the 
analytical significance of its copper number valuc. 
The bottom portion of jute i11 each grades of the 
both s~arieties of jute has higher copper number 
than of it? top po,t' '' ion. 

Besides cellulose, lignin, hemicellulose and 
pectin, jute fibres also contain small amount of 
nitrogenous substances. Present analysis indi- 
cates that the very small amount of nitrogenous 
substances present does not play any significant 
role in determining the quality or grades of jut? 
fibres. 

Experimental 

The pucca graded bales were purchased through 
the Pakistan Jute Association. 

Each jute sample was cut into bottom and top 
portions and each portion cut to fine smaller 
pieces. These fragmented jute samples were 
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SCIENTIFIC GRADING OF JUTE 

Part V.-Determination of Acetyl Content and Ash of Different Grades of Jute 
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The  acetyl value of white jute (Corchorrrs capst~laris) has been found t o  be higher than that of tossa jute (Cor- 
chorus olitorirrs~. The ash content of different grades ofivhite and tossa jute has been found to increase gradually 
from higher to the lower grade ofjute. - Tossa variety has comparatively less ash content than that of corresponding 
white variety. 

Earlier communications on the subject indi- 
cated some correlation between some of the che- 
mical analyses presented therein, with various 
grades of jute ana1ysed.I-4 The common bast 
fibres, e.g. jute and meshta, have some of their 
hydroxyl groups substituted with acetyl groups. 
Previous findings have established the acetyl 
value of jute and meshta as of very significant 
difference and it is now used as analytical criteria 
for distinguishing between jute and meshta. The 
reported acetyl value of jute being of the order of 
72 to 92 m-equiv/~oo g as compared to those of 
meshta which is of the order of 98 to I 24 m. equivl 
~oo/gs Some distinctions between white and tossa 
jute has also been reported. 

The acetyl value of different new grades of 
Pakistani jute (white and tossa) was determined 
by conventional analytical meth0d.~,7 Analytical 
results showed that even though in case of tossa 
jute the acetyl value showed a slight increase from 
72.38 to 76.76 from higher to the lower grade. 
The difference is probably not very significant so 
as to be used for intergrade distinction. Analytical 
results for white jute showed a maximal figure of 
91.15 for the grade C jute as compared' to some- 
what lower figures for the superior and inferior 
grades. The average value for the white jute 
varying between 87.84 to 91.15 is, however, sub- 
stantially higher than those for the tossa variety 
analysing between 72.38 to 76.76. 

Minerals are also an integral part of jute fibre. 
Additionally extraneous impurities are also found 
in the jute which gets contaminated during various 
handling procedures. The origin of the metal 
ions present in jute depends largely ,on the ma- 
turity, condition and type of retting, quality of 
retting water and also use of fertilizer and type of 
land "n which it is grown. The extraneous im- 
purities can be somewhat eliminated by physical 
shaking to make it free from specks of barks and 
adhering dust particles. After the preliminary 

physical cleaning the ash content of the different 
grades of Pakistani jute was determined by igniting 
them in electric furnace. A marked gradation 
in the ash content has been observed between the 
various grades of jute wherein the ash content 
increases from the superior to the inferior grades 
of jute in both white (0.77 to I .6g%) and tossa 
(0.59 to I .32%) jute. The ash value of tossa 
jute appears to be comparatively lower than the  
corresponding white grades. 

Experimental 

The pucca graded bales were purchased through 
Pakistan Jute Association. 

Each sample of jute was cut into bottom and 
top portions and each portion into small pieces 
which were then dried in an  oven a t  I lo°C till free 
of moisture. The dried sample was kept in a 
desiccator for subsequent analyses. 

Determination of Acetyl Value.-Dry jute sample 
(2.59) was taken in a stoppered conical flask 
containing sodium hydroxide solution (100 ml, 2%) 
and kept for 24 hr with constant shaking. I t  
was then filtered through a sintered funnel 
(porosity no. 4). An aliquot portion of 10 ml of the 
above filtrate was introduced into a Markham 
semimicrodistillation apparatus, followed by 5 ml 
sulphuric acid ( 2 ~ ) .  The mixture was steam 
distilled and the distillate containing liberated 
acetic acid was collected in a volumetric flask. 
The volume of the distillate collected each time 
was 250 ml. A blank experiment was also con- 
ducted for necessary correction.- 

The distillate was finally titrated against ~ 1 4 0  
sodium hydroxide solution using phenolphthalein 
as an indicator. The results are expressed in 
terms of milliequivalents of acetic acid per IOO g 
of dry fibre. 




