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INTRODUCTION

THE adsorption of wetting agents by wool under varying conditions of acidity
has been extensively investigated by Neville and Jeanson. 1 They have also
studied the influence of the wetting agents on the adsorption of dyestuffs by
wool. McBain and co-workers ~ have studied the influence of salts and of
soap on the adsorption of basic dyes by the walls of glass vessels. The
following investigation was undertaken with a view to determine quantitatively the relative efficiencies of different wetting agents in their detergent
action under a given set of conditions of acidity and concentration of crystal
violet.
EXPERIMENTAL

Materials used
Glass powder.--Glass powder between 100 and 150 mesh was heated

on a water-bath with 1 N hydrochloric acid for four hours and then washed
free from chloride, and finally dried at 175 ° for one hour.

Crystal violet solution.--Khalbaum's C.P. crystal violet was employed.

The purity of this chemical was tested by igniting a known amount in a
platinum crucible and heating the resulting ash with a drop of concentrated
sulphuric acid. The sulphate obtained by this method formed 5~o of the
weight of the solid taken for ignition. Since highly dilute solutions of this
material were employed, the chemical was not purified further. To avoid the
change in concentration of a standard solution, due to the adsorption of the
dye by the glass walls of the measuring flask, the flask was shaken up with
the solution of the dye till its surface was in equilibrium with the dye and
the solution was thrown out. By repeating this process, a glass surface
saturated with the dye was obtained. A fresh solution was then prepared
in this measuring flask and kept as the stock solution of the dye.
Wetting agents.--l. Aerosol O.T.--The C.P. quality product was used
without further purification.

* Part of the thesis submitted by Mr. R. S. Subrahmanya for the M.Sc. Degree of the
Mysore University,
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2. Igepon T.--The commercial sample was extracted with absolute
alcohol and the wetting agent was recovered from the alcohol soltltiort by
distilling off the solvent.
Buffer solutions.--Acetate buffers were employed upto a pH of 6, phosphate buffer for pH 7-5 and sodium carbonate and sodium chloride mixture
for p H 9-1. The quinhydrone electrode was used to determine the p H of
acetate and phosphate buffers and the glass electrode for the sodium carbonate
buffers.
Effect of pH on the adsorption of crystal violet by glass powder
1 c.c. of the buffer solution (0-2 M electrolyte concentration) was
diluted to 9 c.c. with water and 1 c.c. of the stock solution of crystal violet
was added to this and shaken well. 1 g. of the glass powder was then added
and the mixture shaken on a shaking machine till equilibrium was attained.
For each mixture, the time required for the attainment of equilibrium was
determined separately. The concentration o f the crystal violet in the equilibrium mixture was colorimetrically determined. It was noticed that a
small quantity of crystal violet (about 1~) was invariably retained on the
glass surface of the bottle used for shaking the mixture. In every experiment a correction was applied for the dye thus adsorbed, by dissolving out
the dye with alcohol and estimating it. To the crystal violet solution employed as colour standard the buffer solution was added to have the same
p H in the two solutions during colour comparison. The weights of the dye
adsorbed at different pH values by one gram of the glass powder are given
in Table I.
TABLE I

Effect of pH on the adsorption of crystal violet by glass
p H of the
solution

No. of milligrams of the
dye adsorbed per gram
glass powder

3-7

0.013

6-0

0 • 021

7-5

0 -054

9.1

O. 089

The influence of wetting agents on the adsorption of crystal violet
1 g. of the glass powder was added to 10 c.c. of the dye solution (prepared in the way indicated above) containing a known amount of the wetting
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agent. After the attainment of equilibrium, the concentration of the crystal
violet in the supernatant liquid was determined. As usual, the standard
used for colour comparison had the same amount of the buffer and the
wetting agent as the test solution. The experiment was repeated with different concentrations of the wetting agent. The quantities of the crystal violet
adsorbed by 1 g. of the glass powder at various concentrations of Igepon T
and Aerosol O.T. are given in Graphs I and II.
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DISCUSSION

1. Effect of pH on the adsorption of crystal violet by glass.--Table I

shows that the amount of crystal violet cation adsorbed on glass increases
with the pH of the solation. In the system studied the H + ion is the chief
• competitor to the dye cation for adsorption. At low pH values the H + ion
almost completely replaces the dye molecule at the surface so that the adsorption ,.~fthe dye becomes practically zero. As the pH increases the adsorption of the dye also progressively increases.

2. Influence of Igepon T on the adsorption of crystal violet b~, glass at
different pH vahtes.--Reference to Graph I shows that at pH values of 7.5

and below, the first addition of Igepon T increases the extent of adsorption
of crystal violet on glass. On continued addition of the wetting agent,
however, the amount of adsorption falls off and practically drops to zero
at high concentrations of the wetting agent. The following explanation
can be offered to account for this unexpected phenomenon. The polar
~ o u p s of the dye are mainly responsible for the adsorption of the dye on
glass since the hydrophobic portion of the dye may be expected to have no
attraction to any atom or group present at the surface of glass. The amount
of the dye adsorbed at equilibrium would depend on the density of charge
on the adsorbed surface. A high charge density would by Coulomb repulsion
diminish the life of the adsorbed dye ion at the surface. In the system studied,
the Igepon T forms a complex by the union of the hydrophobic group with
that of the dye ion. As the wetting agent is negatively charged, the average
density of charge at the adsorbed surface would get diminished. The life
of the adsorbed dye ions would thus get increased thereby increasing the
adsorption by the addition of the wetting agent. It is also possible that at
low pH values the increased adsorption of the positively charged dye may be
due to increase in negative charge of the glass surface by the adsorption of
the wetting agent.
At higlaer concentrations of the wetting agent, the decrease of adsorption
of the dye is due to the wetting agent forming negatively charged complexes
with the dye which are repelled by the negatively charged glass surface.
It is of interest to note that at higher pH values the wetting agent
diminishes the adsorption of the dye considerably. The falling off, of
adsorption of the cation begins at a concentration of 0"002~/o and 0-0006~
of the wetting agent when the respective pH values are 3-7 and 7-5. At
higher pH values the negative charge on the glass surface is considerably
enhanced causing a diminution in adsorption of the negatively charged
complex of the dye with the wetting agent.
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3. Influence of Aerosol 0..7". on the adsorption of crystal violet by glass
at different pH values.--The adsorption curves for Aerosol O.T. at pH values

3-7 and 7-5 are plotted in Graph II. Experiments at pH 9-1 could not be
tried owing to the hydrolysis of the wetting agent at this pH value. Curves
obtained with Aerosol O.T. are similar in shape with those got with Igepon T
and the same explanation holds good.

The technique of measuring the adsorption of crystal violet by glass,
described above, gives us a method of comparing the deterge~t action of
various wetting agents. At pH 3.7 for instance, 50~ ef the dye is adsorbed
at a glass surface when the concentrations of Aerosol O.T. and Igepon T
are 0-014% and 0-004~ respectively. At this pH value therefore, Igepon T
is nearly 3-5 times more powerful as a detergent than Aerosol O.T.
SUMMARY

1. The effect of pH and of wetting agents on the adsorption of crystal
violet at the surface of glass has been investigated.
2. At low pH values, a wetting agent at first increases the adsorption
of the dye. But with an increase in the concentration of the wetting agent
the adsorption falls off rapidly and drops almost to zero. At higher pH
values the wetting agent diminishes increased adsorption of the dye. An
explanation has been offered to account for these observations.
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