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INTRODUCTION

It is known that surface-active substances influence the determination of pH
when carried out by the indicator method. Smith and Jones! found tnat the
pr.sence of commercial wetting agents (Gardinol CA and Gardinol WA)
often caused ar error of more than one unit in pH when the common indi-
cators are employed in the measurement. Hartley? made an extensive
qualitative study of the phenomenon employing paraffin chain salts and
found that the order of magnitude of the influence could be correlated with
the valence change in indicators accompanying the colour change. In a
recent paper, Hartley and Roe? have attempted to correlate the observed
~displacement of pH with the cataphoretic mobility of the micelles of the
paraffin chain salts. The object of the present work is to study the effect
quantitatively with a view to elucidate the phenomenon.

EXPERIMENTAL

The surface active substances used in th: present work are Nekal BX
(sodium di-alkyl naphthalene sulphonate) and Igepon T (sodium salt or
oleyl-N-methyltaurine). Nekal BX was purified by the method described
previouly.4 Igepon T was purified by a similar method using ethyl alcohol
as the solvent. The product was dried in vacuum at 80° C. to 90° C. as it
melted when dried at 100° C.

The indicators employed were thymol blue and bromphenol blue
supplied by the Hellige Company along with their comparator. 0-04 per
cent. solutions were prepared by dissolving the solid indicators in the requisite
quantity of alkali and making up with water.?

The Hellige comparator was found to be unsuitable for the present work.
Apart from the method being approximate (correct only to 0-2 unit) it was
found impossible to match the colour of the test solution against any of the
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discs, when the wetting agent was present. For, the wetting agent is found
to influence the light absorption characteristics of the indicators. The
Hellige colorimeter was thersfore employed for determining the ratio of
ths concentration of basic form to that of the acid form present in the test
solution. The apparent pH was calculated therefrom by means of the equa-
tion pH =pK +log ((wziiéc ft:gﬁ; The standards used for such comparison
always contained the wetting agent in the same concentration as ia the test
solution thus compensatiag for the changs in the absorption characteristics.
By taking this precaution excellent matching could always be obtained.
With bromphenol blue colour matching was not so gocd. The standards
used were of the following compoesition:—

Standards for thymol blue—

Acid standard—The solution was made up from:
(@) 0-5 c.c. of the stock solution of the indicator.
{b) 1-0 c.c. of 2 N hydrochloric acid solutior:.
{c) Wetting agent in quantities to give the same concentration as
in test solution. And
(d) Water to make up tc 10 c.c.

Basic standard —

{a) 0-5 c.c. of the stock solution of the indicator.

(b) Acetate buffer of pH 4-7 having sodium acstate concentration
0-2N.

(c) Sufficient amount of wetting agent to give the same concentra-
tion as in test solution. And

(a) Water to make up to 10 c.c.

Standards for bromphenol blue—

Acid standard:—
{(a) 0-5 c.c. of the stock solution of the indicator.
(b) 1 c.c. of 2 N hydrochloric acid solution.

(c) Wetting agent in quartitiss to give the same concentration as
in the test solution. And
(d) Water to make up to 10 c.c.

Basic standard :—
(@) 0-5 c.c. of the stock soluticn of the indicator.
(&) 5cc. of N sodium acetate.

(c) Wetting agent in quantities to give the same concentration as
in the test solution. And | '

(d) Water to make up to 10 c.c,
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Test solutions were prepared as follows:—

(a) 0-5 c.c. of the stock solution of the iudicator.

(b) Sodium acetate and hydrochloric acid in quantities to give a pH

in the woiking range of the indicator and ionic strength of

either 0-1 ¢r 0-01 as required.

(c) Wetting agent in quantities to get a required concentration.
And (d) Water to make up to 10 c.c.

The Sorenson values of the test solutions ware determined by the
guinhydrone methoa. The results obtained are givea in Tables I to VIIL

4

In measuring the apparent pH values the adjustments with the colori-

meter could be made correct to about 0-03 unit in the sensitive range.

The

quinhydrone and the indicator methods gave slightly different values for buffered
solutions and so an appropriate correction was applied in arriving at the —~ ApH
values given in the tables.

Tasik |

Wetting agent : Igepon T. Indicator: Thymol Blue. Ionic strength of buffer = 0.0l.

g. of wetting agent| Sorenson value | Apparant pH as o | Ky =28 K, 968
in 100 c.c. of the |(pH by quinhydrone shown by the .Appér(ent Zblfﬁ) (-4 pH
solution electrode) indicator mpEA=arp theoretical)
1.000 3:24 1-10 2-13 241
0-500 3-07 097 2:09 2.31
0.200 294 0.83 2-10 2-10
0-100 288 0-96 1.91 1-88
0-050 2-86 1-10 175 1-64
0-020 2-83 1:30 152 1-26
0-010 2.83 1.80 102 1.02
0-005 2-83 2:17 0-65 0-76
0-000 2-83 282 0-00 0-00
TaBLE II

Wetting agent : [gepon T. Indicator : Thymol Blue. [onic strength of buffer = 0-1.

2. of wetting

Sorenson value

Apparent pH as

Apparent shift in

K, =19-1; K, =706

agent in 100 ¢, c. |(pH by quinhydrone| shown by the -~ (-A pH
gf the solution electrode) indicator PH (-4 pH) theoretical)
1-000 2-97 1-37 1-53 156
0-500 2-90 1.33 1-50 1.52
0-350 284 133 1-44 L.51
0-200 2-84 1-30 1-47 1-47
0150 2-84 1-35 1-42 Led4
0-100 2.84 1-40 1-37 1-39
0-050 2-84 1-46 1.31 1-27
0-020 2-84 1-68 1-09 1-04
0-010 2-84 1-94 0-83 083
0-005 2-09 0-68 0-62
0-000 2-76 0-00 0-00

' 2O BO
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Tasre III

Wetting agent : Igepon T. Indicator : Bromphenol Blue, Ionic strength of buffer = 0-01

K,=6- 6
2:00 454 3.21 1-41 1.52
1-00 441 3.81 0-88 0-88
0-50 4-41 3-82 0+67 0-63
0-35 4.41 386 0-63 052
0-20 4-39 4+04 0+43 0-37
0.10 4-39 - 492 0-25 0-22
0-05 4.37 4:28 0.17 0-12
0-00 4.36 4.44 0:00 0-00
TaBLE IV

Wetting agent . Igepon T. Indicator : Bromphenol Blue. Ionmic strength of buffer = 0-1.

g. of wetting Sorenson value Apparent pH as Apparent shift. K _;21 (=4 pH

. . = = p
agentin 100 c. c. |(pH by quinhydrone| shown by the |. PP _ 2 .

of the solution electrode) indicator in pH (- ApH) theoretical)
2+00 470 3435 1.51 1.63
1-00 4:70 3:52 1-34 1:34
0:50 470 3:80 1-06 1-08
0-20 4.71 4-13 0-74 0:72
0-10 4-71 4-30 057 0-49
0-05 4.73 4:43 0-46 0-32
0-00 473 4-89 0-00 0:00

TABLE V

Wetting agent : Nekal BX. Indicator : Thymol Blue. Ionic strength of buffer = 0.01.

250 3.17 1-52 1.58 -
1-00 300 1.42 1.51
0-50 2.92 1.-64 1.21
0-35 2.86 1-90 0-89
0-20 2.86 2.927 0-52
0-16 2.84 234 \ 0-43
0-10 2.84 2-40 =, 0-37
0-08 2:84 2-42 } 0-35
0-04 2.84 2.54 [ 0-23
0-02 2.83 2-61 ‘I 0.15
0+00 2.83 2-76 i 0-00
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TaBLE VI
Wetting agent : Nekal BX. Indicator : Thymol Blue. Ionic strength of buffer = 0.1

£. of wetting Sorenson value | Apparent pH as ey s
agent in 100 c, ¢. |(pH by quinhydrone| shown by the Ap ff }eft[jhlg)m
of the solution | electrode) indicator P P
|
170 2.80 1.22 1-60
0-83 2:63 129 1-36
045 2:54 1.33 1-23
0-35 2441 1-42 1-01
0-20 2-41 1-69 0-74
0-18 2-41 1-70 0-73
0-12 2-41 1-96 0-47
0-08 241 225 0-18
0-04 2-41 2-42 g 0-01
0-02 | 2-41 249 5 0-01
0-00 ’ 2:40 2-42 0-00
TABLE VII
Wetting agent : Nekal BX. Indicator : Bromphenol Blue. Ionic strength of buffer = 0.01.
l
2.0 442 3-96 | 050
1.0 4+40 414 i 0-30
0-5 437 4.34 1 0-07
0.3 437 4:39 ! 0-02
0-1 4-37 440 | 0-01
0-0 4:36 4-40 0-00
TasLe VIII
Wetting agent : Nekal BX. Indicator : Bromphenol Blue. Ionic strength of buffer 0-1.
200 468 420 0-61
1-00 4.70 £-34 0-49
0-50 471 465 0-19
0-30 471 4.1 007
0-20 47 4.80 - 004
0+10 4.7 484 0-00
0-05 4-71 4-85 000
0-00 ‘ 4-71 484 0-00

DIscUsSION

1. The mechanism of displacement of pH.—After making aa extensive
qualitative study of the efrect of a few paraffin chain salts on a numb:r o,
indicators, Hartlz; has suggested that the observed displacement of pH is
due to the preferential adsorption of one of the forms of the dve on paraffin
chain salt micelles. Indication cf pH by a dye is dependent on the equilibrium
between the two forms of the dye differing in valence. The cquilibrium ratio
of the two forms is determined by the pH of the solution. The acid form
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of the dye is produced by the union between the basic form and the bydrogai
ion. The valence of the acid form is therefore higher algebraically than the

valence of the basic form. The various possible types of valence for the two
forms are:—

1. Both forms positively charged,

. Acid form positively charged; basic form uacharged;
III. Acid form uncharged; basic form negatively charged; And
IV. Both forms negativaly charged.

The surface active substances can also be divided into the different |
classes according to the charge possessed by their micellss in solution. When |
an indicator is added to a solution containing a surface-active agent, thereisa
possibility that the micelles of the latter may preferentially adsorb one of the
foims of the ind.cator. Normally cationic micelle, however, would nct take
up any of the indicator of type I and anionic micelle would not adsorb any
of the indicator of type IV owiag to electrical rzpulsion; in these cases there-
fore, the surface-active substance wculd not affect the determination of pH.
This forms the basis of the sign rule of Hartlay.2 In the other cases, there
would be a preferential adsorption of one of the forms of the indicator. §
Owing to the influsnce of the electric forces, the acid form which has a higher §.
positive chargs (or a lower negative charge) would be preferentially taken
up by an anicnic micelle. Thz equilibrium between two forms would be
consequently displaced, there being a shift towards the acid side. This
resulis in the iadication of lower pH. A cationic micelle would behave in
the opposite way causing an apparent increas: in pH.

In a later paper, Hartley has put forth another mechanism for explaining
the displacement of pH brought about by paraffin chain salts when
diphenylazo-o-nitrophenol is used as indicatcr. In this case both the
forms are almost completely adsorbed by the paraffin chain micelles. The
micelle being negatively charged has in its immediate neighbourhood a high
concentration of H* ions. The indicator therefore finds itself in a region
of low pH. The pH indicated therefore is low and gives an idea of H* ion
concentration near the surface of the micelles. Hartley has shown that there
is an approximate correlation between the zeta poteatial of the micelle got
from mobility measurements and that calculated from indicator expzriments.

A complete picture of the phenomenon however can only be got by
combining both the ideas put forth by Hartley and the following cetailed
mechanism is therefore proposed in the present paper. The usual indicaturs
are amphipathic substances naving both a hydrophobic and hydrophilic
portion in the molecule. The surface-active agents are also amphipathic
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by nature. When both these types of molecules are present in solution
there is a tendency for complex formation. The complex formation is brought
about by the union of hydrophobic portion of the indicatcr with the hydro-
phobic portion of the molecules or micelles of the surface-active substances.
The proportion of the acid and the basic forms of the indicator present in
the complex would be controlled by (@) the local H* ion concentration near
the indicator 1on and (b) the relative life of the two types of the complexes.
Due to the difference in the electrical charge associated with the two forms
of the indicator, one of the forms may produce a much stabler complex than
the other. It is to be pointed out that both the factors act in the same direc-
tion in any particular system. A careful study of these factors reveals that
a quantitative formulation including these two factors is best done by apply-
ing the law of mass action on the basis of activities. Since, however, the
activity coefficients are not available for the complicated molecules or micelles
dealt with in the present work it is stmpler to formulate, ¢employing the con-
centration terms, and discuss qualitatively the effect of the activity coefficients.

The quantitative aspect of the problem may now be considered. In

a solution containing the indicator and the surface-active agent, we have
(1) the acid form of the indicator, H In.  (2) the basic form of the indicator
In~ (3) the complex between the acid form of the indicator and the surface
active ion H In.....W-. And (4) the complex betwzen the basic form of the
indicator and the surface-active substance In.”....W-. These are in equi-
librium.  If activity coefficients are not taken into account and if the influence
of micelle formation is assumed to be negligible, the following relationship
can be formulated. The theory would be applicable to the region wherein
micelle formation does not set in or in cascs where micelle formation would
not effect the general behaviour of the system. Let the total concentration
of the indicator be ¢;. Let a fraction a be in the free basic form and a frac-
tion B in the free acid form. Applying the law of mass action to complex
formation, we get

... W=k ¢afew—[In- ....W-]

where k; 1S a constant.
- ~ kc¢ac,

KON | i R l—f—l_—-‘m

Similarly, Los
, a1 ky¢ 8,

[HIn... . W-]= 'ﬂf’k{fcfﬁp’
Where k, is a constant. 17 x and p are the true and apparent pH values tes-
pectively, we get,

107-# = 5y

e P
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kl cac,, —
¢; a+ s
jthe 1T Kicia

d
N c;B -+ kaci B ey
: 1 + ka & 18

— ApH=x—y=1log

ki c, 1)

Now,
L o e [Wetting agent—basic form complex]
e [Free wetting agent]

o [Wetting agent—acid form complex]
and ka i B= [Free wetting agent] '

These quantities are smalil as compared with unity since only a small
fraction of wetting agent forms the complex. Thus, equation (1) gets
reduced to,
14+ ks ¢y
Trke @

2. Thymol Blue-Igepon T system—(i) The data obtained with the
Igepon T-thymol blue system, are found to be in very good agreement with
the above theory, as can be szen from Tables T and II. Equation (2) has
bzen used for calculating the theoretical values. The valves of %, and k,

have been determined by making use of two of the experimental values of
the pH shift.

— A pH=1log;,

Apart from the fact that the experimental values can be fitted into the
equation, it is to be pointed out that there are other interesting features in
the experimental data to show that the theory adequately accounts for the
experimental results:— »

Igepon T being a sulphonate gives a surface-active ion which is negatively
charged. The indicator thymol blue in the acid range has the basic form
negatively charged and the acid form uncharged. The acid form conse-
quently gives rise to a stabler complex. Moreover, owing to the Debye
effect tn: ncgative surface-active ion induces a high local concentration of
Hr ions in the neighbourhood of the complex. Thus the proportion of
- acid form in the complex would be very high. In equation 3 therefore k,
would be much smalier than k,. This is found to be the case.

(0-01 N bufter k; = 2-8; k, = 968,
0-1 N buffer k; = 19; &, > = 706)

i I SR
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(i) At sufficiently high concentrations of the wetting agent, complex
formation may be mcre or less complete; and consequently the pH shift
would be practically independent of concentration. This has been found
to be the case.

(iit) At low values for k,c,, equation 3 becomes,
- A pH =log;, (1 +ksc,) 3

It can be deduced from equation 3 that if a pH shift of 0-3 is produced
by a certain concentration ¢; of the wetting agent (a) a shift of 1-0 unit
would be produced by a concentration 9 ¢, and (b) a shift of 2-0 units would
be brought about by a concentration 99 ¢,. These conclusions hold within
the limits of the experimental error in the experiments with 0-01 N buffer
solutions, With 0-1 N buffer solutions also the relation (a) is satisfied.
The relation (b) is not obeyed since k; c,, becomes comparable with unity
when ¢, is equal to 99 ¢,.

3. The bromphenol blue-Igepon T system.—It is known that the acid
form of bromphenol blue has a single negative charge while the basic form
has a double negative charge. According to Hartley, there should be no
shift in pH with this indicator, when a surface-active substance of the type
of Igepon T (which has a surface-active anion) is added.? Hartley based
his conclusions on the idea that complexes between like charged moleculss
was improbable. But, the experiments recorded in this paper show that
there is a considerable displacement of pH in the present case. This shows
that in spite of the electrical repulsion between like charged molecules,
complex formation between them does occur owing to the strong attractive
forces between the hydrophobic portion ¢f the wetting agent ion and that
of the indicator 1on. It may, however, be expected that complex formation
would be relatively low; this would be especially true of the basic form which
bears two negative charges. One may therefore apply equation 3 which
corresponds to the existence of the complex only with the acid form. The
calculated values of — ApH on the basis of this equation and the corres-
ponding experimental values are given in Tables IIl and IV. An examioa-
tion of the tables shows that the experimental data support the theory. The
other interesting features which support the thoery are:—

(@) The values of k, for bromphenol blue are much lower than the
corresponding values for thymol blue showing that comnplex formation is
much less in the former case. This is but to be expected since the acid form
of the former indicator which forms the complex is nagatively charged,
whereas that of the latter indicator is uncharged.
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(b) For the reason indicated above, the compléx formation with brom-
phenol blue may be expected to be incomplete even at very high concentra-
tion of the wetting agent. This is in agreement with the experimental data.

() The conclusions drawn from equation 3 for thymol blue, also hold
for bromphenol blue. The concentration of wetting agent required to effect

a shift of unity in pH is about 9 times the concentration required to cause a
shift of 0-3 unit.

(d) The shift in pH is found to be practically independent of indicator
concentration

4. Effect of ionic strength on the pH shift.—A comparison of tables
I and 1I shows that an increase in ionic strength diminishes the pH shift in
the case of thymol blue. At lower concentrations of wetting agent, the effect
of salts is small whereas it becomes considerable at high concentrations.
The effect can be quantitatively treated on lines similar to the treatment
of meutral salt effect in reaction kinetics.® The exact magnitude of
the effect however cannot be calculated since the value of 8 in the equation,
of Bronsted® is not known for the differennt molecules. Due to the
““a terms”, however (which correspond to the zeta potential effect of
Hartley) k; would increase whereas k, would be unaffected. FExperimen-
tally this is found to be approximately tke case. This explains, in fact, why
at low concentrations of the wetting agent (where k; does not enter the
equation), the effect of ionic strength is small. It is of interest to note that
k, does decrease to some extent with increase of ionic strength. This
decrease of the value of &, shows that the life of the complex from the acid
form of the indicator is appreciably decreased by increase in the ionic
strength. This is somewhat surprising since the acid form of thymol blue iS
known to be uncharged (from the simple theory of the neutral salt effect)
and should not be affected by ionic strength. It is to be noted however that
the acid form of the indicator has a ‘ Zwitterion > constitution and the
observed effect only shows that the wetting agent ion is nearer to the positive
charge of the “ Zwitterion ” than to the negative charge; this is but to be
expected in view of the flexible nature of the hydrocarbon chain in Igepon T,

which would help the orientation of its charged end to a position of mini-
mum potential energy.

At high concentrations of Igepon T where the complex formation is
more Or less complete, a change of ionic strength from'0:034 (in 1 p=r cent.
solution of Igepon T in 0-01 N buffer) to 0-12 (in 1 per cent. solution of
Igepon T in 0-1 N buffer), decreases the pH shift by about 0-6 unit. It is
of interest to note that this corresponds very nearly to the effect of ionic
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strength (c.a. 0-55 unit) observed by Hartley in the system investigated by
him (indicator: diphenylazo-o-nitrophenol; surface-active substance;
triethanol-ammonium cetane sulphonate). This shows that the changes in
potential in the neighbourhood of the complex brought about by salts are
almost the same in the two systems.

A few experiments were tried with a view to get the maximum possible
pH shift. It was possible to get as high a shift as 2-4 units by having the
wetting agents at a concentration of 0-2 per cent. in water and adjusting
the pH to 4-2 (quinhydrone electrode) by adding acetic acid.

With bromphenol blue, increase in ionic strength increases the pH shift.
This surprising feature is just the opposite of what has been observed in the
present work with thymol blue and by Hartley and Roe with diphenylazo-
o-nitrophenol. This effect can be explained as follows:—As is already
pointed out, the basic forms of the indicator which bears two negative
charges, does not form any complex at all due to strong electrical repu!-ion.
Increase of ionic strength no doubt decreases electrical repulsion; bu: the
repulsion is yet too strong (at ionic strength = 0-1) for any complex forma-
tion. Thus the basic form does not play any role in bringing about the
observed effect. For the same reason the observed pH changes are entirely
determined by &, and follow equation (4). Complex formation of the acid
form of the indicator however, is enhanced by the increase in ionic strength
due to diminution in the electrical repulsion and thus causes the observed
effect.

5. Nekal BX-Thymol Blue System.—An examination of the data in
~ Tables 5 and 6 shows that the theory worked out for Igepon T is not applicable-
to the present system. In the present case there is a certain concentration
of the wetting agent at which the pH shift begins to increase considerably
with concentration. This concentration value is 0-2 to 0-3 per cent. with
0:01 N buffer and 0-04 to 0-08 per cent. with 0-1 N buffer, There is a
striking coincidence between these values and the micelle formation con-
centrations got from surface tension studies® (viz., 0-07 per cent. in0-1 N
buffer and 0-27 per cent. in 0-01 N buffer). In this system the micelles
appear to be much more effective than the single molecules in bringing about
the pH shift. The complex formation is not as strong as with Igepon T
since Nekal BX is relatively a short molecule and the electrical repulsion
between the two negatively charged portions in the complex is consequently
strong.

6. Nekal BX-Bromphenol Blue System.—The displacement of pH in
the above system is very small, This is to be expected for (4) Nekal BX ig
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a short molecule and hence electrical repulsive forces would be strong
rendering the complex relatively unstable and () bromphenol blue having
both the forms negatively charged would not be taken up by the wetting
qeent to any large extent. Since the shift is very small, no discussion of
the quantitative aspect is possible. It may, however, be pointed out that
the shift is marked, only at concentrations higher than at which micelle
formation has occurred.

7. Wetting power and pH shift.—Since wetting action and the pH shift
both involve the union of hydrophobic portions, it may be expected that
there should be a general correlation between pH shift and wetting power.
An extensive investigation is desirable from this point of view. The observa-
tions in the present work show that Igepon T is a much better wetting agent
than Nekal BX, a conclusion which is also supported by surface tension
studies?.

SUMMARY

1. There is an apparent shift towards the acid side in the pH of
buffered solutions as measured by the use of the indicators, thymol blue and
bromphenol blue when wetting agents like Igepon T and Nekal BX are
present in the system.

2. Igepon T shows a very large shift with thymol blue. Under favour-
able conditions the shift may be as large as 2-4 units, an effect much bigger
than what has been reported in literature so far for any system; Nekal BX
shows less of the pH shift. Both the wetting agents affect bromphenol blue
to a smaller extent.

3. A quantitative investigation of the phenomenon has been made.
A theory has been put forth, based on the formation of a complex betwesn
the wetting agent and the indicator to account quantitatively for the effect
of concentration of the wetting agzat on the pH shift.

4. Tgepon T shows a marked shift with bromphenol blue as well.
This forms a clear exception to the sign rule of Hartley.

5. Increase in ionic strength decreases the pH shift with thymol blue
as it is the case with the system worked by Hartley and Roe. When brom-
phenol blue is used neutral salts produce an opposite effect. An explanation
is offered which account for these diverse rasults.

6. The variation of pH shift with concentration of Nekal BX with

thymol blue indicates that micelle formation of the wetting agent occurs
rather suddenly.
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1. The possible relationship between the pH shift and wetting power

is pointed out,
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