(:i:> .
% Studies on Absorption, Conductivity and polarised Fluorescence

of Dyestuffs in solution."

Theegis
for
-
the degree of Doctor of Philosophye.
B el L. s
fi 0 RSy,
. Ly g (0]
s \~“i,~'5 b

468985

Submitted by

Krismadas Chaudhuri ’ MeSCo

Dacca University

Diélrlzstj

1961.

>




STUDIES ON ABSORPTION,CONDUCTIVITY AND POLARISED FLUORESCENCE

OF DYESTUFFS IN SOLUTION.




Dhaka University Institutional Repository

CONTENTS. ;

l. Introduction.

2, On the Ultra-violet absorption of the Dyestuffs in

solution and the influence of neutral salts on. the

Saliee

3. On a Method of determining electrolytic resistance
-use of bright platinum electrodes for measurements

of electrolytic resistance.

468986

4, On the Molar-conductivity of Dyestuffs in solution.

5. On the Average life-period of fluoresceing =~
Dyestuffs-polarised fluorescence of Dyestuffs in

solution.

6. Influence of foreign neutral salts on the conducti-

vity of DLyestuffs in solution.

7. Concluding Remarks.




(1)

Dhaka University Institutional Repository

INTRODUCTTION.

It is well known that the intensity of fluorescence of most of
the ﬁyestufrs in solution at first increases with increase in con-

centration of the emitting molecules, reaches a maximum and with

higher concentrations the fluorescence gradually disappears. Two
principal hypothesds are genrally put forward to explain concen-
tration-quenching: (1) quenching by collisions ef the second kind

in which there is an abnormally larie effective radius for like

molecules,(2) the formation of associated molecules,which themse- |

lves are non-fluorescent and have a somewhat modilf'ied absorption
spectrum. ‘the second hypothesis does not really represent quench-
ing in the true sense of the term as quenching is always accompa-
nied with a diminution of the average liie-period. F.Perrin(1931)
has however combined it with the hypothesis of quenching by colli-

sion of the second kind in such a way that there is a transfer of

energy from the excited molecules to the associated m:olecules which

cannot reconvert into radiation the energy taken up.

The problem ofthe Kinetics of quenéhin@ has been exauined Dy
krank, Wawilow(1lS31l) and Svesnikov (193o0). By taking into acco-
unt the Brownian movement and the properiies of the medium and the
collision of the second kind, FranK and Wawilow arrived at the

following form :- .

N 2
wNe TNk Tz (5:+03)
I——f v 37 w6y
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where %D is the ratio of unquenched to quenched fluorescence,
L

w is the volume of the sphere of action, r its radius, z is
L]

7+ 6

the ratiom of efrective to kimetic collisional distances (z: e
. 3 1

5 ando, are the radii of the dyeq?lecule and the added mole-
cule , ¢ is the concentration of the latter(quencher) in gm./C.Cm.}
N 1is the Avogadro number,‘T is the mean lire of the fluores-

cent moleculey, T the abeolute temperature and 7 the viscosity

of the quencher. It has been shown that wQen ﬁc is somewhat o
small, the quenching formula takes the form

Lo |, BNekTz( si+on )Z e
37070'2

In this case, therefore, %P is a linear function of € in agree-
ment with experiment#, provided the kinetic sphere and the efiect-
ive sphere of the colldd&ion of the second kind are not very -
different. Deviations from Wawilow's formula, however, occur .for
hégher concentrations; collisions of the second kind donot,
$uorencence of

therefore, completely explain the quénching ofAliquiq§.

The diminished fluorescence in concentrated dye solutions
is largely due to aggregate formation as shown by the fact that
they do not obey Beer's law (1935)° as well as by other observa-
tions on mean life and depolarisation (1929)(1930). Mitra(l938)
observed a close parallel between the change of molar absorp-
tion co-effcients with concentrations and the change of fluores-
cerce yeelds. It is interesting to note that in very dilute
solutions where Beer's law seems to hold, the fluorescence -

yé®ld remains constant. Further increade in concentration dimi-

nishes the yétld as well as absgption capacity per molecule.
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It is difficult to explain on Purely‘colllslon hypothesis the
change of the absorption co- efilclen't.F to_ St e;LPnt e by.
Mitra. Lewschin (1927) found modlfledﬂabsorptlon sectra of dyes-
tuffs at fairly high concentratioqs.‘ﬁp studied the efiect of
temperatyre on specific fluprescent CaPacity in concentrated solu-
tion. Though temperature increases the %umber of collisions, the
fluorescence yeéild incredses at the same %ate. Bouckard(l936) i
confirmed the above observations which gg agalnst the colliston

\Kind b
of thé second.as means of quenching. Ban0$(19331 has - further shown_

that 1ncrea§h.‘f-temperature has, sometlmﬁ’ba decreasing effect on’

the quenching of fluorescence by salts. Al thijf facts go against
i

the theory of the collision of the second

ind and we are thus

l'
inclined to Yook for the explanation in the :i.011e formation of

the ions of the dyestufis to which the grefi.. part of the effect
may be due. In order to galn insight as 1§ theo pechanism of miselle
formationg and its bearing on the mechanig, quenching it is
proposed to study the association of the hyeétuff molecules with
and without foreign substance.

The deformation of the absdption ﬂié;hx spectra of dyes at

high concentrations shows that changef sccur in the molecule. The

d /
absopption spectra of dyestuffs ln.sﬁlution therefore furnish a

method of studying the mechanism of formation of associated mole-~

cules. It is rather difficult to St%dy the absorption spectra of

dyes at high concentrations. The sé;tor photometer method and the

Hydrogen discharge tube méthod ary practically unsuitable for the

purpose. The sector photometer metyog cgp, however, be convenien-

|
tly utilised for studying the abs¢r,tion s ectra of dyes with

foreign neutral salts.
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The mechanism of micelle formation can be best studied from -

. . L 4

measuremnents on conductivity of dyestufrs: It is a well kuown fact
that the equivalent conductivity of an electrolyté generally increas =-
es with dilution and tends to a l%piting value at infinite dilution.
It was pqinted out by lcBain(1913) that the equivalent conductivity
of an electrolyte would be increased by the aggrebgtions of ions of
one kind to form ionic micelles and ithe rerarkable increaseof equiva=-
lent conductivity with fincreasing conCentr?tid; hase been attributed
to association of solute molecules. Robimson(lY34) and his co-workers
determined the transport number as well és the equivalent conducti-
vities of some of the rigorously purified dyestufis. The equivalent
conductivities of dyesolutions when plotted g ainst squaie root of
concentrations, give curves similar in nature to those obtained by
Howell and Robinson(1936). The departure of the conductivity curve
from the perfect straight line can only be explained on the assumptim
that ionic micelles are formed with increase in concentration.

The present investigations have been carried out to gain some
insight as to the ionic states of dye@olecules. The measurements of
conductivity of dyes is,however, beset with difficultles. The -
Kohlrausch method of determining resistances of electrolytes im gener-
ally employed using electrodes coated wilh platinum black. The Plétinum
black coating eliminates the disturbing eflect of polarisation but it
has certain inherent disadvantages. It adsorbs the.solute molecules
and acts as a catalyst in the oxidation of certain substances, parti-
cularly dyestuffs. lq our observations the coating has therefore, been
avoided altogether and a method has been devised to measure electro-

lytic resistance using bright platinum electrodes. The method gives

quite satisfactory results.
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The mean life of the fluoresc}nb molecules in the excitea state
has a direct bearing on quenching. I1f quenc;ing'molecules ar; ad&éd
to a dye-solution,the excited molecules wfil be deactivated before
they have time to emit according to their natural life-period Te. -
Therefore,when we increase the conzentration of the dyestuff,either
the efrective value of the iife-period will remain unaltered or proba-
bly due to increase in the number of collisions,thé excited molecules
will have a tendency to dissipate their energy’in.the form of_kinetic
energy of translation of the molecules. This would De, equivalent to
dimimishing the mean period of duration oY the molecules in the exditei
e Lpe- Lme .b,tiu axecdid Stabe
state.is intimately connected with polarisation of the emitted 1ight.
On the basis of Perrin's theory(1929) the diminution in the mean lifeT
of the molecules in the excited state amounts to an increase in the
value of polaiisation. The polarisation of the flUOPeSCentAlight has
therefore been measured in certain cases and the value of T has been
calculated from Perrin's theory. The effect of temperaiure, viscosity
and concentration on the avérage life-period hage been investi_ated
as well. According to Wawilow's theory'@@‘should be a2 linear function
of C/y or T/7 . 'he measurements ShOW’}hﬂt this holds only within
a limited range. 1t is expected therefore, that the measurement of T
and its dependence on temperature, viscoSity and concentration will
.

throw additional light on the mechanism of quenching.
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"ON THE ULTRA-VIOLET ABSORPTION OF THE DYESTUFFS

IN SOLUTION AND THE INFLUENCE OF NEUTRAL
i SALTS ON THE SAME ' .

By KRISHNADAS CHOWDHURY
AND
CHITTARANJAN BOSE

(Received for publication, August 12, 1942)

ABSTRACT. The paper deals with the ultra-violet absorption of a large number of
fluorescent dyestuff solvents, namely, succinyl eosin, pinakryptol yellow in glycerine, acri-
flavine in alcohol, pinaflavol in alcohol, aniline orange in alcohol, ‘rose Bengal’s in alcohol,
pinakryptol green in alcohol, succinyl fluorescein in glycerine. The absorption curves for
each of these dyestuff are given. The effect of quenching element, namely, potassium
iodide, has also been studied for acriflavine, succinyl fluorescein and pinakryptol yellow.
With this particular type of quenching element it has been found that practically there is no
change in the nature of absorption curves.

INTRODUCTION

A large amount of experimental work has been dome by the different
* workers on the absorption of the dyestuff in different solvents. The existing
literature on the subject reveals that the great majority of the investigators in
that particular domain confined their investigations in the visible region of the
spectrum. Very few quantitative measurements have been made in the ultra-
violet region of the spectrum. It is well known that a quantitative measurement
of absorption spectra of solutions of pure compounds can be made relatively
o casily, and it not only furnishes a method of identification of the substances
but also serves as a basis of a theoretical treatment of their molecular structure,
as is evident from the recent investigations of Mayneord,* Fisher and others.
Mitra® and Grisebach* measured the absorption coefficient of a few dyestuffs
in' solution in the ultra-violet region and tried to establish a relation between the
absorption curves in the near ultra-violet and polarisation curves of the fluorescent
radiations emitted by these dyestuffs in solution under the excitation of light of
various wave-lengths. In view of the meagre accurate c.lata on the ultra-violet
absorption, as well as, to find out whether there is any resemblance between the
two sets of curves, as was reported by Grisebach and Mitra, it was thought
desirable to make a systematic observation on the ultra-violet #bsorption of a large
number of fluorescent dyestuffs in solutions. y

EXPERIMENTAL ARRANGEMENTS

The absorption coefficients were determined by a calibrated rotating sector
photometer (Adam Hilger) used inconjunction with a quartz spectrograph. The
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L]
source of light for the quantitative  measurements has normally been a condensed

tungsten-steel spark, about 4 mm. gap, the necessary potential being obtained
from an X-ray induction coil with mercury interrupter in the primary. 'The
results were in a few cases verified by the measurements of the absorption with
a sensitive Moll thermopile and a galvanometer system.

A paraliel beam of light from a point source of quartze mercury lamp was
allowed to fall on a cell containing the dyestuff in solution through a suitable
filter, which allowed only monochromatic radiation to pass. The intensities of
the incident and transmitted light were measured with the help of a Moll thermo-
pile and galvanometer. The absorption coefficients were measured from the
*well-known relation : —

- I=Ige™%¢,
where I and I, are the transmitted and incident intensity, respectively, of light,
d, thickness of the cell containing the soiution and o, the absorption
coefficient.

The results of our observations in the case of both the experimental arrange-
ments, thermoelectric and photographic, are given below for a comparative
study. It will be evident that the agreement is fairly satisfactory.

TABLE I
. . L
Dyestuffs in Absorption coefficient for A 4358 A
lic soln. A " "
on i Thermoelectric Photographic
e el e M e P
- i
Succ. fluorescein 429 40 .
Pinakryptol +205 .30
Aniline orange 345 a5
Pinaflavol 447 45
RESULTS

We have investigated the absorption of the following flourescent dyestuffs
in alcoholic and glycerine solutions. The figures within brackets indicate the con-
centrations.

L]
1. Succinyl fluorescein ... (1.120000)
2. Succinyl eosin 1 ... (1.70000"
3. Pinaflavol - ... (1.200000)
‘ 4. Aniline orange ... (1.50000)
5. Acriflavine B ... (1.50000)
6. Pinakryptol yellow ... (1.100000)
7. Pinakryptol green .. (1°125000)
8. Rose Bengal i (1.100000)
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.

All the above compounds were purified in the usual®way. The results
are shown graphically by the following curves (Figs. 1 to 8). As regards
the resemblance between the two sets of curves, viz., absorption and polarisation
cuives, as already reported in our introduction, we shall return to this point in
another communication.
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INFLUENCE OF FOREIGN NEUTRAL SALTS ON THE

ABS?RPTION OF THE DYESTUFFS IN SOLUTION

The quenchingeof the flourescence of the dyestufls in solution by foreign
neutral salts is quite well known and has been investigated by a large number

of workers.

It appears that the majority of them are of the opinion that the

phenomena of quenchjng are due to de-activating collisions of the second kind
between the dyestuff molecules in the excited state and the negative ions of the

added salts.

The main argument in favour of the physical interpretation of the

quenching effect is the increase of polarisation of the fluorescent radiation emitted
by the dyestuffs in solutions, as was observed by Derrin,® Franck,® Mitra,” and
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= ]
others. But there may be an alternative explanation, viz.,—gradual ‘‘complex
formation’ due to the association of the molecules of the dyestuffs and those of
the quencher with the gradual addition of the foreign substance—these complex

>

molecules being -non-fluorescent. ’These molecules, if any, will reveal their
presence by a change (or by a new band) in the absorption spectrum of the
dyestuff in presence of the quenclier. So, unless one studies the influence of

the foreigm neutral salts on the absorption of the dyestuffs and demonstrates the e
absence of any such influence, the aforesaid alternative explanation, wviz.,—
gradual complex molecular formation, and consequent decrease in the number
of emitting dyestuffs molecules, which is exhibited by a decrease in intensity of
the flourescent radiation, cannot be ruled out of the field.

The idea of complex molecular formation is not nmew. It is well known"
that as the concentration of the fluorescent substance is increased, the intensity
of the fluorescent radiation also increases up to a maximum value, then the in-
tensity falls down on further increase of the concentration of the fluorescent
substance. ‘That is, there is a definite concentration for a dyestuff for which
the intensity of the fluorescent radiation is maximum. When the concentration
is further increased, the resulting intensity of the fluorescent light dwindles
down. In order to explain this concentration-quenching, Iewschin® assumed
the formation of complex molecules which are non-fluorescent unlike the mother
molecules. In support of his assumption he showed that when the concentra-
tion of fluorescent dyestuffs is increased over that aforesaid maximum value,
sonsiderable alteration of the absorption spectrum of the dyestuff takes place.

One finds that Lampert,® and Mitra'® measured the absorption co-efficient of
a few dyestuffs in solution for both pure and after the addition of varying amounts
of neutral salts. Besides these, no systematic investigations have been made on
thes subject so far. In view of the importance of the subject on the mechanism
of quenching, we thoughtit prudent to investigate this point along with our
absorption measurements.

o It has already been mentioned that the intensity of the fluorescent radiation
of the dyestuffs in solution suffers appreciable diminution when neutral salts
are added to the solvent medium. ‘The investigations of Perrin,rl West, Jetty
and Muller'® indicate that the order of the extinguishing power of the different
ions is as follows :—

Il > CNSi=> Br! > Cel 2>=50,1 = NO;/ .

which is practically the order of their deformability, that®is, of the ease of
displacement of an electron in the peripheral sheli of the ion. 'This shows that
iodide ions exert the greatest quenching influence on the fluerescing dyestuff
molecules. In view of this, we have investigated at present the influence of
K1 on the absorption of a few dyestuffs in solution.

Our experimental procedure was as follows. A solygtion of the dyestuff,
in alcohol of requisite concentration, was taken and its absorption at different
wave-lengths was determined in the usyal way by the rotating sector photometer.



L]
. Dhaka University Institutional Repository

48 K. Chowdhury and C . Bose

Then to the same solution of the dyestuff, potassium iodide solution of known
concentration was added drop by drop, till the fluorescence was quenched com-
pletely, as observed visually, the concentration, ¢ of KI being determined from
the number of drops added.

Then one cell of the photometer was filled up with the quenched dyestuff
solution and the other cell with the KI solution of concentration c.

For the present, we have investigated the influence of odide ions on succ.
fluorescein, succ. eosin, acriflavine and pinakryptol yellow. The results are
shown graphically by the accompanying curves (Figs. 9-11).
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The graphs show that there is practically no change ine the nature of the
absorption curves on the addition of the foreign neutral salt. This shows that
quenching of the flourescent radiation on the addition of foreign salts takes place
through collision of the second kind between the dyestuff molecules and the
ions of the added salts.

In conclusion,eit gives us great pleasure to thank Prof. S. N. Bose for,

his kind interest and Dr. S. M. Mitra for lis kind guidance throughout the
work.

PHYSICS LABORATORY,
UNIVERSITY OF DACCA.
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ON A METHOD OF DETERMINING ELECTROLYTIC RESISTANCE.
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ON A METHOD OF DETERMINING ELECTRCLYTIC RESI*ANCE.

The problem of the determination of elctirolytic resistances has
been attacked from time to time by different workers since Kohlrausch
first devised a method. lost notewopthy are the works of Washburn,
Grinnel Jenes(1931),(1935),5hedlovsky(1930) and others. Washburn's
contriobution to the design of different forms of cells for substances
of different resistances is invaluable. Grinnel Jones(1935) n?de an
extensive study on the earthing of the circuit, the design of the
bridge and the electrode loss at different frequencﬁes and differénﬁ
degrees of platinisation using different metalliic electrodes. Shedlovsky
gave a very ingeneous method of determining resistarices with unplati-
nised electrodes, although he recommends slight platinisation for the
sake of' convenience and consistancy. He gave a method of eliminating
electrode effects with multiple-electrode cell,

The present paper shows an attempt at finding a satisfactory and
convenient means of determining electrolytic resistances with unplati-
nised electrodes. It is to be noted that on account of certain inherent
disadvantages it is preferable at leasteto some workers.to avoid plati-
nisation if possible, although it succeeds in making the effective
electrode surface much larger than the effgctive cross-section of the
line of flow of electric current thrdugh the solution and reduces the
polarisation. It is now known from the.works of Kohlrausch, Grinnel
Jones, Wien(1936),(1902), Warburg(l90l) and others that an electroly-
tic cell consists of (a) electrolytic resistance (b) polarisation
capacitance\c) polarisation resistance. The polarisation capacitance
is due to the reversible transformation of electrical energy into

chemical energy and which is equivalent to-an electrostatic condenser.
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‘The polarisation resistance is according to wien, aue to the irre -
versible process at the electrode. wWarburg suggegted and deveiopea
the idea that diffusion is responsible for the irreversible process
at the electrode. Perhaps much of }he electrode loss is due to the
employment of voltape higher than the decomposition volsage of the
solution and, as the present paper will show, was not appreciable

in the work of the author. The peak voltage u§ed across the electmo-
de was less than the decomposition voltage. of the-solution. Ehe elec-
trode resistance AR can therefore, be made to pley, insignificant -
part on the resistance of the solution. The polarisation capacitance
can be compensated by introducing a capaciiative reactance in an
adjacent arm of the J/heatstone bridge.

The difficulties generally euncountered as regarus tie measure-
ment of conductivities of dyestufis have already been referred to in
our Introduction. On account of these difticulties it is desiraovle to
use bright platinum electrodes. The present paper deals with a method
devis d to measure electrolytic resistance using bright platinum -
electrodes. the conductivities of Kel,at various concentrations have
been redetermined. The agreement with the standard vaiues is quite
satisfactory. This mekhod has, thereforg.been employed in determining

conductivities of dyestufifs. .
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USE OF BRIGHT PLATINUM ELECTRODES FOR MEA.
SUREMENT OF ELECTROLYTIC RESISTANCES

By KRISHNADAS CHOUDHURI
(Received for publication, Sept. 20, 1947)

ABSTRACT. On account of certain difficulties with platinised electrodes, it is desirable
to use bright electrodes in measurements of electrolytic resistances. It has been shown
that the Wheatstone's bridgs method gives as satisfactory results with bright electrodes
as with platinised electrodes by using a two-electrode cell “and

(1) an a. c, galvanometer of the wattmeter or of the dynamometer type through an
amplifier, e

(2) alow impressed voltage,

(3) a shunted capacitance in the R-arm and by making the ratio arms of equal resis-
Jtance.

INFTRODUCTION

After Kohlrausch introduced the wuse of alternating currents and clec-
trodes coated with platinum black for the determination of electrolytic re-
sistances, his method is almost invariably used for the purpose. The piatinum
black coating, although it effectively eliminates the disturbing effect of
polarisation, has, however, certain inherent disadvantages, the notable
among which are the following :(—

» sx)- it adsorbs the solute molecules and so it is necessary to stir the
solution from time to time (in order to keep the strength of the solution
between the electrodes constant) and to clean the cell carefully when changing
the solution ;

*(2) itactsasa catalyst in the oxidation of certain substances, parti-
cularly dye-stuffs. B

Attempts have, therefore, been made from time to time to avoid the
®coating altogether. Notable amongst the works in this line is that of Shed-
iovsky (1930), who recommended the use of multiple electrodes in the same
cell. His final recommendation is, however, to platinise the electfodes
slightly for the sake of consistency and constancy. o

The present paper isan attempt in this direction using two-electrodes
only.

DESIGN OF THE CEILL

In designing the cell for strong electrolytes, the underlying idea is that
the greater the ratio of the area of the electrodes to that of the cross-section
of the current-carrying part of the solution, the less pronounced will be the
effect of polarisation. For the solution sof KCI, the form of the cell is that
stiown: in Fig. r. _The area of each eclectrode is ome sq., cm. whereas the
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N of

Fi1G. 1

area of the cross-section of the connecting tubeiso’o7sq. cm. The approxi-
mate resistance of normal KCl! solution in this cell is 200 ohms. Since in
the method employed the resistance of the diagonal arm containing the
detecting instrument is practically o<, (i.e. G=o<), this cell can be used
up to a strength as low as N 500 (i.e. up toa resistance of about 10° ohms)
with the same degree of accuracy.

ARRANGEMENT OF APPARATUS

The arrangement of apparatus is shown in Fig. 2. It is the usual
Wheatstone’s bridge arrangement in which an amplifier is used in the
galvanometer or telephone arm. The detecting instrument is the vertical
wattmeter devised by Mukherjee (1930,1938). This instrument is composed

-

FJER

EE

Fic. 2

of two systems of coils of which the fixed system produces the magnetic
field and the moving system is deflected by the ficld. The former is put in
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the battery arm of the bridge and the latter in the out-put side of the
amplifier. The ratio arms are of equal resistances so that their inductances
are also the same. In the third arm, there is, in series with a resistance 7,
a condenser shunted by a variable resistance s. The effe.ctive. resistance
and reactance of the system composed of the condenser and the shunt are

L) 2
s“cp
and — ——;

cp? 1+s%c*p?

Therefore, when V.=V, the resistance of the Ac-arm, namely,

. S .
respectively - e where p=27 times frequency.
Tts°

N
r+ ———— =R
T 456D
s’ch .
2 9
1+5%c*p
balances the polarisation reactance of the solution as well as the residual
inductive reactance of the Ac-arm.

is equal to the resistance of the solution and the reactance, -

METHOD OF FINDING THE BALANCE POINT

In detecting instruments of the wattmeter or dynamom:tcr type, the

deflection is given by
8=Al, I, cos ¥
where 1,4, 1,, are the r.m.s. currents in the fixed coils and moving coils
tespectively and ¥, the phase-difference between them. The deflection is,
therefore, zero when
(1) I, or Im=o,
ot (2) cos ¥y=o0 i.e., =t
‘ 2

The balance corresponding to condition (1) is called the true balance. In
practice, the null point corresponding to condition (2) is easily obtained. If,
hqwever, the phase of the current through the fixed coil with respect to the
current through the moviug coil is altered by introducing a condegser, K, in
paraliel with the fixed coil, the null point is disturbed and there is deflection
one way or the other according as I, is in advance of, or behind, L.

The procedure for finding true balance, is"as follows:—

Keeping s=o, a null point is obtained by adjusting r, when the condenser
K is off the circuit. ‘Then the direction and extent of deflection are observed
when K is introdueed. The shunt is then given an arbitrary value and after
obtaining the null-point by adjusting r with K off, the direction and extent of
deflection are again observed with K on. Proceeding in this manfler a condi-
tion is attained when null point will not be disturbed by introducing K.
This condition corresponds to the true balance.

EARTHING

In working with alternating currents it is important to select the point
which should be earthed. The question of earthing has been very elaborately
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deéalt with by Grinnel Jones(1935. In the preserft case, it has been found advis-
able to earth one end of the moving coil with a fairly thick wire.and connect
the other e.nd to the output terminal through a tapping key—the earthed end
being connected to the otlier output terminal which is joined to the negative
terminals of the filaments of the valves. This way, it has ‘been ensuved that
there should be no deflection of the moving coii, productd by the current in
the fixed coil, unless the tapping key is pressed. :

VOLTAGE CHOSEN

It has been found by Wien (1896, 1902) Warburg, (1899, 1901) Grinnel
Jones (loc. cit.) that, within the cell containing the electrolyte, there occurs a
los.s of energy at the electrodes, as the result whereof the experimentally
determined resistance of the solution is larger than the true resistance. Grinnel
Jones* work has established that the extra resistance AR due to electrode loss
does not vary with dilution in the same proportion as the true resistatice.
Assuming this electrode loss as due to employment of a voltage higher than
the decomposition voltage of the solute and the solvent, the voltage chosen in
the experiment under discussion was such that its peak value was fairly
smaller than the decomposition voltage. The r.m.s. value of the voltage
used was not more than 1oo millivolts. The assumption appears to be justified
by the fact that the cell constant, as determined with normai, T normal, 5%
fiormal and 18 normal solution of KCl, was constant as far as the accuracy in
the values of the resistances used would lead to expect.

DETERMINATION OF Cp

A method for determining C, has been described by Mukherjee (1g38).
In it, the moving coil of the wattmeter is first made non-inductive by Sump-
ner’s compensation method and then from the nullpoint corresponding to

v=" the value of C, is found with the aid of the formula .
2 °
i (P+Q)G>
i 3O g 22T e
C?p? PR(R P+Q+G

Fig. 3, shows the arrangement of apparatus.
% ,
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EXPERIMENTAL RES ULTS g’

In the actual experiment carried out in the laboratory the tefnperature
was kept constant within 5j4th of a degree by means of a specially designed
thermostat and measured with a platinam resistance thermomeger.  The ampli-
fier was a simple registance-capacity coupled one in which the anode resistances .
attached to the valves were much larger than the valve resistances—thus
ensuring the straight-line character of the characteristic curves within a
long range of grid voltages and eliminating the possibilitv of a feed-back
effect. The output current from the amplifier was obtained through a 4uf
condenser. The amplification was such as to give one ampere (output) currente
per volt (input). : 5

It took the cell about 2 to 3 hours to come to a steady temperature. ~ The
resistance was the measured and tested for constancy by taking readings every
hour for 3 to 4 hours more. The following are the data and results obtdined.

Solution used —KCl, Temperature — 31°.5C

|
Strength of b ) Specific \ Equivalent
Solute ‘ Rcs{stance ' Conductivity el Coystans Conductivity
N 205.54 ! .12460% 25.610 124.6
ol 1765 .29 .01450% 25.596 145.0
1o - el
-4 ' 4232.8 i .00604821 M 1
25 g
N I |
8 = 8209.1 ‘ 003118% 25.596 155.9
50 [ |
i
B ‘ 12160 ‘ .00210531 157.8
75 | ' |
. N | { *
i 16052 : 001595 25.603 159.5
100 | ;

*  From Landolts tables. {1 Calcunlated from cell constants,
Mean cell constant =25.601.

By plotting the relation between — - o and equivalent conducti-
concentration .
vity. it is found that ali the points determined fall on the graph, so that

the electrode resistance AR has an insignificant effect on the resistance of the

solution. =

CONCLUDING REMARKS

The principal feature of the experiment was the ﬁss of a galvanotneter,
which like a d.c. galvanometer gives deflection on two sides of the null-point.
Such a galvanometer is more suitable for use with an amplifier than any other
meastiring instrument. For, even if there is a spurious current generated in
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the€ amplifier due to a defect in its make up, that current would only pass
through the moving system and not through the fixed system. On the
otherhand, to produce a deflection of the moving system, it is necessary that
both the ﬁgced gnd the moving systems must be traversed by currents from the
same source.

Amnother feature was the use of very low voltage between the electrodes.
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ON THE MOLAR CONDUCTIVITY OF DYESTUFFS IN SOLUTION.

It waa pointed out by McBain(191l3) that the equivalent conducti-
vity of an electrolyte would be increased by the aggregation of .
ions of ‘one kind to form ionic micelles and stich aggregation was,
therefore, put forward by him as the explanation Qf the remarkable
increase of equivalent conductivity with increasing concentration
observed in the aqueous solutions of soapsg. ﬁbwell and Rabinson(1936)
have worked on the elctrdeal conductivities of aqueous solutions
of Sodium Dodecyl Sulphate and Sodium He.xadecyl Sulphate. They have
found that the curve of the electrical conductivity against the -
square root of the concentration consistsof three well defined -
sections. Over the first range the fall in conductivity is linear
as for a simple electrolyte and is of the same order of magnitude.

At the point where the first range is abruptly succeeded by the secofid
it is shown that the mean free path of the anion is proportional to
its rotational volume. QOver the second range the fall in conductivity
is extremely rapid. The anionic netwerk postulated offers a satis-
factory expadanation and is in accordance wdth other preperties obser-
ved over this range. At the point wherﬁ the second range is succeeded
by the third it is shown that the,distance between the anions in the
network is proportional to their 1epgth. In any homologous series

the tendency to form micelle is proportional to the length of the
anion. This is the point, therefiore, at which the network falls inte
micelle formation.

Further work on this line was carried out by Robinson(1935) and
his co-workers. Robinson and Moilliet determined the transport
number as well as equivalent conductivities ef some of the rigoro-

usly purified Dyestuffs.
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Robinson(1935) has shown that Methylene Blue, which has been regarded
as a dyestuff ramaining in true solution, tends to form aggregates
even at fairly dilute solution. Hartley, Collie and Samis (1936 )
have measured the equivalent conducti;ity and transport number of
two salts with paraffin chain cations, contain;ng 16 carbon atoms in
the chain and have found evidence of the formation'of ionis micelles.
We have carried out measurements of conductivity of dye-golutians
at various concentrations in water and water-aleohol solvents to _
gain some insight as to the ionic state of dye moléchles as well as

to cerrelate the phenomena of absorption and quenching?fluorescence.
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EXPERIMENTAL.

The method.described in the previous paper ( 1948) has been
employed in determining conductiv?tibs of dyestuffs. With this
method though the oxidising action of the pldtinised electrodes
has been avoided, the polarisation effect cannot be removed -
altogether, The polarisation reactamneof the.solution as well as
the residual inductive effect of the third arm can be bélaﬁced
by using a shunted capacitance in the third arm and by making the:
4, ratiom arms of equal resistance. Furtheé.in erder to reduce the
electrolytic disturbance and polarisation effects to a minimum a
source producing high audio frequency alternating currentg is -

generally employed. In our investigation an# oscillator of the type

shown in the figure was used.

rg., il
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The coils Lp and Lg are placed ,n such a way as to avoid mutual
inductance between them and this arrangement gives a constant
sinuous e.m.f. Moréver, the transformer from which the working
current is derived, is placed outside the oscillating part of the
circuit and therefore reactance of the working current does not
alter the frequency of oscillation. The oscillator is shielded.
In the actual experiment the temperature as be?ore, was kept
constant within 5%0 th of a degree and an amplifier was used to
increase the sensitiveness of the bridge. The amplifier used is

shown in the figure.

WWWNV T

~
v

.
[ Y AAAA

RESULTS .

We have measured the conductivities of different dyestuffs in
water and in alcohoiic solution at different concentrations at
constant temperature. The results of our measurements are given

in the accompanying tables and graphs.
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Tgble e 1 e

Rose Bengal in water. : . .

+“ 4
e tien ¢ 1 - Conmumvivieg JE R
«003517 .06931 001530 435.0
.0008792 02965 .0004102 466.6
«0003517 .01875 «000174 1 495.0
.0001758 .01326 * 00008940 508.6
«0000879 .009375 $00004705 535.3
«0000439 006626 00002520 574.0

" 0000219 «004680 .00001321 603.3




(Dhaka University Institutional Repository

-
= s x - :
H ++ -
Ra% e =
St b
sausaivas
Buzassuas
H
M +HHH
)
e :
wEn . &) .
il L a
B HEHEH
. 25 HHEH
+
n i
-4 ' B3
g S
] H
- HH o
1 = ¢ 44
: - H H
H H HH H F R :
- e == -i.x- T e i+
i HH SRR ERERES 25 i i L3 k)
= H x i
nw xe a8
.nn. s B L asusa
i + B t t
H HH =
: - s 3
PiiE-i m 2= A
: = 8 1
- k8 N 3 & HH 4
e ax
L 3 i Il .
- = Hﬂ . .
: i 18 |
+
H ¥ H T 4
a8 1 g
S =% aEnax
s sasa ¥ HH
r:v# 4 1 T
{4 i e {4}
o I seREaEEigiaal
= sassezun : o
= iz xavan
i - H- u a3
- o I tHH
= . o »
(] £ sex
e +
+ ¥
+
" e “-
I 2%y H H
1 T ] &
4 ¥
: T -
an
8 RSBy . 13 5
. pas tH
uew ks e
z 2 ; T :
+
= mn s
H
+ 5
H hﬂ- : HH
ins 2 3
1L ” n
AT = - e H
HH 1 L] MY T .
t ja :
e -
T 1 T T %
0 € 3 ' et EEEEEN)
Sa ikl SHH 4
.
.

8
o
g
o
fa
ot
g
A
wm
o
@
2
o
o
>
i
s
e
&
(o]
(3]
3
—
8
w
o
8
g
.
A

concentration.




%1niaersitulns§utional Repository
Erythrosine in water.

i o i Ve ;I SP.Condﬁcuvity} Conductivity
.+ 005308 07285 ~ ,0006710 126.4
002654 05752 +0003375 127.2
001062 .03259 0001389 130.8
.0005308 .02304 .00007389 . 139.2
0002654 01629 .00003970 149.6
.0001327 .01152 .00002040 153.7

«00006635 008145 «00001042 167.0
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Table - 3.

Bosine in water’

Br
ONa R
\ Br .
/ \ cooNa
L
L )
i lMolecular
Molecular Concentration} \/5_ i Sp.Conductivityj Conductivity
C § § §
.02792 <167 007244 259,4
..01396 .117 .003286 235.0
.00698 .0835 «001442 201.6
.00349 .0590 +0006709 192.0
»001745 .0417 .0003432 196.3
000872 .0290 © 0001751 200.6
.000436 .0208 200009107 208.7
.000218 «0147 .00004968 231.4
" 000109 0104 " 00002800 256.7
«0000545 * L,0074 .00001646 301.8
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Table - 4.,

Succenyl Eosine in water.®

Wolecular e . ; i ¥olecular
Concentration C ! g~ p.+Conductivity i Conductivity
"+ 00002000 .004472 -0003492 17 4460
«00001000 003162 0001667 16,670
00000500 0022336 00007353 14,706
00000200 .001414 ..00001707 8,535
.00000100 001000 00000661 5,610
00000050 0007072 .00000356 7,120
.+00000025 0005000 00002227 8,908

« 00000020 « 0004472 «000001840 9,200
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Table - 5.

Flporescein in water.

Molecular concentra- I VC I Sp.Conductivity % Molecular
tion C ,3 ll! f. Conductivity
. 000006024 002455 +00001021 1695
000003012 001736 « 000007085 2352
+000001506 001227 00000434 2882
0000006026 0007762 00000249 4132
+«0000003012 0005488 . 000001493 4958
0000001506 .Q003881 000000840 5578
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TablC - 6.

Succenyl Fluorescein in water.

CooH1407 Na, :
. 7
0 .
OQ ONo

]
¢

cly——co CooNa

ch,—Co

¥olecular I | T Nolecular

) Concentration C } \/'5' % Ppe.“onductivity g Conductivity
+000006409 002532 . 00(;0150 1 2342
+000003204 «00 ]_.790 «00000926 2891
+000001602 .001266 .00000625 3901
+000000801 0008950 00000418 5219
+0000003204 .0005660 .00000257 8023

] +0000001602 0004002 K 000001448 92031

«0000000801 « 0002830 «0000007762 2692
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Table - 70
Jod Eesine in water. % o
CooHgOs514 . 5
Molecular I ] Y Molecular
Concentration C g YC g Sp. Conductivity } Conductivity
0006101 .02470  .0001171 .  192.0
+0001525 «01235 «00003111 204.0
«00006101 +007811 +00001615 204.7
* «00003080 «0056523 +00000914 299,.6
+00001525 « 0039085 +«000008508 331.1

.00000762 «002760 «00000270 354.3
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Table - 8,

Methyl Violet in water.®

R
F cH
c ____\\_< >Ny,

> (4.1 )L«,é
Mélecular i i . I Molecular
Concentration C l! Ve % Sp.Conductivity g Conductivity
«001271 «03866 «0001021 80.35
«0006356 «0252 «00Q05526 86,98
0001271 01127 00001604 126.20
0000638 +00790 «000012286 192.80

«Q0003178 +00563 «00001041 327.30




T T T S A T T, R Y R T R T TR L S T M £ i S T 2T

(21)

Dhaka University Institutional Repository

WP AT

a ;
Z ®
] —~ :
: e o .
: : _ -
Hiicd : 2 >
ait EEEEaIilE 3
ifeseaass %Hn”ummm : ~
| 5 He ; w
iE8 H HHHH Cl ;
ik e e =
: :
HH § T SSERRENIIiLEiisiiiiay *, “
T nn#uuﬁ »
mmm .uu - T u#- L_:. W
L T S i ot
.. 1 T .n.... z , m..ﬂ v
- 3
L, i mw m
e .m
: SR - o
e e I s o
m xa -~ H m ] -w °
HE : FEzEsi £& m 3]
= = e 3 ]
: e A S o :
: E e s .
T e T - P
s e i i ‘4 o
T T sEsiassiimsiiini s e 1] .u
% a5 B - B N e | m 8
i — - == c
‘ ° 8
g o .
o o !
‘ Q 8
. » 3
. ° («

siip leoes



thmi)ersity Institutional Repository

Table - 9 °

Methyl Orange in water. * T
,/-._—_‘ OE - - .
SOH < B 4,>N: N 4,\\ i ‘\/ NLGQZ
1 Molecular
Moleculgp i 3 i & . | i :
+Conductivit Conductivit
Concentration € | { i o | y
¢Q906116 « 0247 +00006607 107.9
+0003058 «014386 + 00003681 117.0
20001529 «01237 « 00002044 133.8
00006116 00790 000011563 188.5

«00003068 «008863 «00000855¢ 279.6
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Table - 10,

Fuchshine in water.

LY
 cHy
. - __') NH,
pOREER LT LWy
AN T
- = vh,
. - Ty
Molecular I fed | X j Molecular
Concentration C § VC § Sp. Conductivity § Conductivity
4 - > i
. +0005471 0234 «00004990 91.20
«0002735 «0165 .00002472 90.28
I 0001367 0117 00001276 93,40
«0000547 «0074 00000619 113.20
00002735 0052 « 0000034492 126,90

00001367 «0037 ++000001972 144.10




( 35:«: )niversity Institutional Repository

L]
.
* L]
.
o
1
- s
H
tf
H
+
EazEes
¥
7
.....
S é
e
T
i
x
L]
. -
siezasass
SEREERREACEEAC SN
T
5
(D o v = el ) B
i CEREE £ i il .
i st 5 : i
: L]
.
L]

Dependence 6! molecular conductivity of Fuchshine in water

* tration. ¥

PR ) A eiges {F A

o Ml SRe b il a3

S eady RS o, gt 2L

on concen-




(Dm U)iversity Institutional Repository

‘Iable e 11.

«00000681

Cyanine in water. . .
(@]
/\‘\\‘ //\\ P e e 2—-‘\0 H
Ho / A% y=—=< N=o
l | , g scau —— - g ]
i | ’g‘
\ ,//l ‘ /JO H
A
Jolecular 1 s 1 { Molecular
Concentration C § Ve j Spe Conductivity j Conductivity
J § §
.0001859 «0137 00002653 142,7
«0000465 «0068 «00001128 201.8
.00002325 «0044 « 000008680 386.7
00001162 «0034 000007773 693.7
0024 000007031 1277.0




¢

oY
3

27 )

Shaka University Institutional Repository

- TR £ TR N T T T R T T T TR >y
.
‘
- by |
§
it
Y|
=} 3
, o '3
o t % |
8 o
s
| g |
uA—w H-w .
T SacEumee ia .m
: H S m 3
i
: s + |
- - 3 L
+ g5 ime i B ]
A HHHEH H :
i H n * o
SiEaniies Eaa : : -
H H b S
HHE H .
:
FEE T " bt
i
+ n% 25 = e
i £33 t m
= -
u.. 11nﬂ = EaEw uum P d
H saiias 2 H = g
i £ Ee o
i t ; ©
48 e .
- n :
:
:
u
T mm (3]
i m 2
Eiis HEH § ° <
- g
] HE + i o ..w
i : UYT H Qo ¥
= : TR =T I Q
A T I =]
i L L B aES 53 s 53 | Q . 3
" m @
M. m
® .




L d

(28 )

Dhaka University Institutional Repository

Table

= 120

Rose Bengal in Alcohol. :

. :
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1
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() ac

\y/ \‘ \oNa

|

AR -

' i - § Molecular
nolecularct:oncentration Ve % Sp.Conductivity g .Conductivity
+006855 08279 «0001307 19.086

' «001714 «04140 * 0004942 28.83
0006856 02618 . «00002274 33.16

0001714 «01310 +«000006925 40,55

«0006855 «008279 . «000003112 45,38
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Table - 13

Erythrosine in Alcohol.

J I 0 g
o\\'(/\ \\/ \// \ (@) NQ
| | {
! ’l‘-‘_\ J
\ 2 /
% Yooy
c
\ CooNa.
it =4
Y
Molecular | L 1 I Molecular
Concentration C } \VC i Sp.Conductivity% Conductivity
l "
«01752 .1324 00008843 5,048
.008760 .09359 .00005048" 5.762
004380 .06618 00003027 6.910
«001752 .04185 +00001499 8.557
+000584 «02417 +00000633 10.84
000292 01709 00000395 13.53
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Table - 14,

Methyl Qrange in Alcohol.

< o >N,

Molecular | . kS I Molecular
Concentration C FL \yC g Sp.Conductivity g Conductivity
.0063835 013886 «00005475 298 .4
«00004587 006773 +00001490 324.8
.06001835 « 004284 +«000006150 335.2
0000917 003028 000003100 338.1

« 00000367 001216 «000001258 342.7
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Table -~ 15.

Jod Eosine in Alcohol. .,

Co0HgOs514 G

Molecular ] g "~ { Molecular
Concentration C | Ve § Sp.Conductivity § Conductivity
i 1 1

«C02692 +05189 «00005728 21.53

«000673 «02594 «00001619 24 .06

. 0001682 «01297 «00000444 26.40

«e 00003364 «008800 000001920 §57.09
«00000672 « 002594 «000000661 98.35
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Eable - 16,

Succenyl Eosine in ‘Alcohol.

By

A

0
N\ AN A N
=N / \\/ 4 \oNe
3 | |
| |

Br L , A A . )b T

. N\ 2N
V' Y Vv
X

| Y \ cooNa

. ClH—Co { J
¥

Jdolecular 1 N 1 I Dlolecular
Concentration € g yC j! Sp . *Conductivity g ?onductiv ity
«002000 84472 00003438 17.19
+000500 .02236 .00000457 9.139
0002000 .01414 000000912 4,560
0001000 .010000 .0000004035 4.035
0000500 «007071 «000000594 11.88
0000025 .001581 000000429 17%.6
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Table - 17,

Cyanine in Alcohol.

2
ANVA _oH
b N
HO( Y == T ’>=o
1 { N e B T
I 1 ,
Q\ ’ ///1 //l() H
NV
OH
Molecular i | { Molecular
Concentration. C % Ve } Sp.Conductivity { Conductivity
5 i
«02324 «152 «0003845 165.5
+00581 076 .0001236 211.7
«002908 «054 00007632 2569.2
« 001452 .038 «00004055 278.9
000242 016 «000009406 388.6
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Table - 18.

Acriflavine in A}cohol.

.C14 Hyjq N3 C1

Molecular 1 1 | holecular
Concentration C % Ve % Sp. Conductivity'g Conductivity
«006560 «08099 +0002010 30.65
»003280 0872 .0001086 33.10
00164 «04086 +00006149 37.5
.00041 «0202 00001821 44 .4
«000102 .0101 +000004967 48,7
+000034 E «00883 «000001714 80.4
0000085 00292 «0000004471 52,6
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Discussion of the Results.

It appears from the graphs that the molecular Conductivities
of dyestuffs in aqueous solution do not ha;e linear relations with
square roots of concentration. The moiecular conductivities when
plotted against square root of conéentration give curves in most of
the case; similar to those of Dodecyle Sulphate and HexadecyZ - -
Sulphate as found by Howell and Rabinson. The curvee are in fact
identical with the second and third region qf.the curves found by
them. This clearly shows the formation of ionic micelles at the point
where the sefond range is succeeded by the third. Moilliet, Collie,
Robinson and Hartfey(1935) have worked on this line and according to
them conductivity measurements alone may not give in all cases direct
evidence.of the formation of ionic micelles. The measurement of trans-
port number together with the conductivity measurements however =
furnishes conclusive evidence of the formation of ionic micelles. In
our present case, however, the shape of the curves furnishes enough
proof of the formation of ionic micelles. In most of the cases the
fall in conductivity is extremely rapiq and is followed by a region
where the conductivity either rises to maximum in certain cases or \
remains practically constant. At the point where the second range is
succeeded by the third the net work galla.into micelle formation.

In the case of alcoholic solution also there is no perfect linear
relationship between the molecular con&uctivity and square root of
concentration and the conductivity-concentration curves are similar
to those for aqueous solution. Onl; in the case of Methyi Orange in
Alcohol the electrical ;onductivity falls as a linear function of the
square root of concentration and it is evident that Methyl Orange in

Alcohol is present wholly as simple ions. The difference in the -
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behaviour of dyestuffs in these tw? solvents may be due to different

degree of aggregation of ions. It has been shown By Mitra that'quenk

ching co-efficients of dyestufis in alcaholic solution are distinctly
less than in aqueous solution which algo supplies evidence aa to the

low assoc%ation in alecoholic solution.

At the point where the second range is succeeded by the third the
metwork falls into ionic micekles. It is interestiné to note that this
coitic%} concentration at which the network falls into ionic micelles
fairly coincides( as found by Sen Goopta- thesis; Dacca, 1938 and
others) with the cuncentration after which rapid quenching of fluores-
cence begins. It therefore, supports the view that quenching of fluor-

escence is due to the formation of ionic micelles.
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ON THE AVERAGE LIFE-PERIOD OF FLUORESCING DYESTUFFS.

The mean life of the fluorescing molecules in the excited state
has a direct bearing on quenching. thil;w(1929)(l93}), Seveésni Koff
(1935), Mitra(1939) amd others have deiérmined the average life-period
of the fludrescing molecules from measurements on polarisation. For
an increase in concentration of the dyestuff either the effectivé
value of T will remain unaltered or probably due to increase in the
number of collisions, the mean period of duration of the molecules in
the excited state will be diminished. This on the basis of Perrin's
(192¢) theory will amount to an increase in the value of polarisation.
The measurement of polarisation and the average life-period calculated
thereof, therefore, furnish evidence as to the cause of quenching.

Our measurements have, therefore, been extended to the determinat.on
of the polarisation of fluorescence of dyestuffs at various concentra-
tions.

: The experimental arrangement is fully discussed in a subsidiary
paper(1944) entitled ' On the polarised fluorescence - dyestuffs in
solution. Measurements were made on the Polarisation of fluorescence
of the dyestuffs under investigation in glycerine-water mixtures,
whose relative proportions and hence the viscosity could be varied

over a wide range. T was calculated from the expression of Perrin

viz. .

hol | =
"

el
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where p is the degree of polarisation observed under the actual con-
dition of the experiment and p, the value for the same molecules
when they are not allowed to rotate froé their init}al orientations,
R is the gas constant, V, the gramme-mblecular volueme, i the
co-efficiént of viscosity and 6the absolute temperature and T the

mean duration of the fluorescing molecules in the excited state.

Table - 1.

Polarisation of Acriflavine in glycerine-water mixture

bxciting wave length - A 4368 A

éﬁrcentage by ¥ Vlscosity in 1) Percentage of Polarisation.
wt.of glycerine.! poises. { s r—— T =
1 1 C=3.10 gm./c.c.! C=8.10 “gm./c.cC.

i 98,0 4,56 4% 45

20.9 1.65 38 42

83.3 0.611 30 . 34

7649 0.367 ‘23 28

71.4 0,185 17 22

66.6 0.127 12 17

62.5 0.097 . 8 12

58.5 0.070 : 5 9

81,2 almost zero 5
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Table - 2

Percentage of polarisation of Acriflavine in glycerine water

mixture. Exciting wave length = A 3650 A.

Percentage by § Viscosity in f Percentage of polarisation
EEE Lot g i g C= 3.10'5gm./c.c.{c='8.10'5 gm./CeC

98.0 4,56 40 42

90,9 1.65 34 38

83.3 611 25 30

76.9 « 367 . 18 23

71.4 « 187 11 15

66.6 127 6 9

6245 097 ' 5
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Table i 30 ks

Percentage of polarisation of Succenyl Fluorescein in glycerine-water

mixtures. kxciting wave length A\ 4358 A.

Percentage by wt. ! Viscosity in 3 Percentage of polarisation
W glycaring gﬁ poiagie % C=.O5.10"5gm./c.ca C=.5.10'ng./c.c

o8 4,56 48 45

20,9 1.65 e 40

8343 0.611 36 31

76.9 0.367 29 25

71.4 0.185 . 24 19

0040 0.127 17 11

6245 0,097 12 5
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Table - 4

Percentage of polarisation of Succenyl Fluorescein in glycerine -

water mixture . Exciting wave length A 3650 ‘A.

Percentage’ by wt, 1 Viscosity in ¥ Percentage of polarisation.
of glycerine. g poises. % C=.05.10-bgm./c.cg C =.5.10 °gm./ce
28.0 4.56 40 38
90,9 1.65 36 34
. 83.3 0.611 30 26
7649 0.367 25 20
" 714 0.185 . 19 13
6646 0.127 14 8
62,5 | 0,097 9 3

<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>