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Coadsorption of organic molecules on mercury electrode
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Coadsorption of o-hydroxybenzoic aci

with o-methoxybenzoic acid and/or o-aminobenzoic acid at

the mercury/0.1 M Na,SO, solution interface has been studied using a capillary electrometer. Thermod-
ynamic parameters, such as surface charge ldensity (q™), surface excess of the organic molecule adsorbed

(T'org) and coverage (6) have been evaluat

. It is observed from the adsorption data that coadsorption

takes place by the partial replacement of already adsorbed organic compound on the metal surface and
the adsorption of both the compounds is found to take place over a wide range of potentials.

[t is well known that the formation of strong ad-
sorbed layers on metals plays an important [role in
electroplating and in corrosion inhibition. Ohe way
of producing adsorbed surface films, which are
stable over a wide range of potentials, is by the
coadsorption of organic molecule at the electrode/
solution interface. Most of the studies at the elec-
trode/solution interface have involved single organ-
ic molecules. Some studies have been carriedjout on
the coadsorption of two organic molecules. It is ob-
served that in the case of coadsorption, the caverage
is less than the sum of coverages in individual ad-
sorptions. The effect of concentration of adgorbate
as well as the mechanism of adsorption has been

id (OMB} singly on a mercury electrode and
coadsorption of OAB or OMB with OHB using a
capillary electrometer.

Materials and Methods
Reagents

Mercury used was of AR grade and it was further
purified electrolytically and distilled twice fin all-
glass pyrex Hullet still under reduced pressure!?.
AR(BDH) grade sodium sulphonate was twi¢e rec-
rystallised from deionised water and dried to the an-
hydrous state. OHB (pure) was a May and |Baker
product, while OMB was a Koch-Light (England)
product. ODAB was obtained from Riedel, Germany.
As all the above-mentioned organic compounds
were of axtrapure quality, they were used without
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further purification. Throughout this study, it was
assumed that the solute activity can be replaced by
its molar concentration since fairly dilute solutions
are involved.

Procedure

The evaluation of thermodynamic quantities
for the adsorption at the mercury electrode necessi-
tated the measurement of interfacial tension, using a
capillary electrometer as described elsewhere'®. Pu-
rified hydrogen was used for deaeration of experi-
mental solutions. The capillary electrometer was
calibrated with 1M KCI, for which the interfacial
tensian was 424.2 mN/m!4, and rechecked with 1 M
KI taking the electrocapillary maximum as 401.4
mN/m at 25°C. For each concentration at least two
runs were made and results were found to be re-
producible to 0.2 mN/m at the electrocapillary
maximum and *1 mN/m at the extreme of the
curve. All the measurements were made in an air
thermostat controlled at a temperature of
25+0.2°C.

To understand the mixed adsorption of organic
molecules, first a study of adsorption of individual
organic compounds is essential. So, interfacial ten-
sion measurements were carried Sut separately, us-
ing 0.1 M sodium sulphate as the base electrolyte.
The mercury in the capillary electrometer was pola-
rised at various values of potentials ranging from
-0.1V to — 1.6V applied with reference to Hg/
Hg,S0,/0.1M Na,SO, electrode using a precision
potentiometer. Two types of observations were
made for the mixed adsorption of substances in the
same base electrolyte. In one, the concentration of
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adsorbate 1 was kept constant and the concentra-
tion of the adsorbate 2 was varied. In the second
case, the concentration of adsorbate 1 was varied.
One of the concentrations taken for the study of the
adsorption of the individual organic compound was
chosen as the common concentration for mixed ad-
sorption studies.

Results and Discussion

The single adsorption of all the three organic
compounds reported in this study has already been
studied thoroughly!® and only salient features are
reported here.

The adsorption of OHB, OMB and OAB alone
was studied at the mercury/0.1 M Na,SO, solution
interface. The adsorption of OHB was found to be
more pronounced on the positive side of electroca-
pillary maximum and desorption occurred on the
negative side of the electrocapillary maximum. A si-
milar behaviour was observed in the case of OMB
also, but the extent of adsorption was comparatively
less. But OAB was found to adsorb on both the
sides of electrocapillary maximum, though the ad-
sorption was more on the positive side and less on
the negative side. Maximum adsorption {maximum
surface excess) for all the three compounds oc-
curred at surface charges in the range of +2 to 3.5
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Fig. 1 —Electrocapillary curves for o-hydroxybenzoic acid and
o-methylbenzoic acid

Based on the above observations, adsorption
studies were carried out using OHB as one of the
two adsorbates, keeping its concentration constant
in one case and varying its concentrations in the
other cases. The present study aims at examining the
effect of addition of a second adsorbate (OMB or
OAB) on the extent of adsorption of OHB. The or-
der of adsorption in the single adsorbate system is
OMB > OHB > OAB. This observed order is in ac-
cordance with the polarisabilities of these adsor-
bates. The electrode/solution system under study
can be represented as Hg/Na,SO, (0.1M)xy/
Hg,SO,(S)/Hg where x,y represent the two organic
compounds.

Simultaneous adsorption of OHB with OMB and
OAB
i) Electrocapillary curves

Electrocapillary curves obtained in the presence
of fixed concentrations of OHB and varying con-
centrations of OMB, or vice versa are shown in
Figs 1 and 2. It is seen from these figures that curves
are more separated for the systems with fixed con-
centration of OMB and variable concentrations of
OHB than those for the system containing fixed con-
centration of OHB and varying concentrations of
OMB. Moreover, the separation of the curve is
greater near the electrocapillary maximum, than
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Fig. 2 — Electrocapillary curves for o-methylbenzoic acid and o-
hydroxybenzoic acid
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that at the extremes. It is also observed that bpth the
compournds get desorbed at the extremes of poten-
tials and ‘that there is a shift in the electrocdpillary
maximum to more negative potentials on the addi-
tion of second adsorbate. These observations may
be explained in terms of the adsorption of second
compound occurring at the expense of the fifst, the
substitutipn not being in the 1:1 ratio (which may be
due to different polarisabilities of the two i
compounds). These observations further irdicate
that there is simultaneous adsorption of both the ad-
sorbates. ‘A similar behaviour was observed for the
simultaneous adsorption of OHB and OAB. In both
the systems it was observed that the lowering of in-
terfacial tension was greater for the system where
the varying concentration constituent was OAB or
OMB and the fixed concentration constituent was
OHB.

The clectrocapillary equation for the aboye sys-
tems can be written as

~dy= quE + 12T, + d:uNaESO; + Consdfons
+ r()MBdli‘()MB

(,_599’) — l..(2)

(;ZL =T o .(3)

a/MOHB) E ' ttnaso. Homs

dy
(“ ) = FOMB PR (4)
a'uOMB E 77/“Na;$0,-,“"()llli

Similar equations can be obtained for the simul-
taneous adsorption of OHB and OAB on the mer-
cury electrode.

(il) Surface excess versus charge density curves

For a better understanding of the preferential ad-
sorption of one adsorbate out of the chosen two, a
study of the variation of relative surface excess with
charge on the metal surface is essential. The surface
excess of the adsorbate with varying concentration
was obtained by the graphical differentiation of the
yvs RT In C curve using Eqs (3) and (4) where C is
the concentration of the altered adsorbate. As the
ionic strength is not altered significantly, the activity
of the varying adsorbate is equated to its concentra-
tion. Surface charge density values were obtained
(using Eq. 2) for different potentials by the graphical
differentiation of electrocapillary curves. Surface
excess versus charge density curves obtained for the
OHB-OMB system are shown inFigs 3 and 4. Simi-
lar curves were obtained for the OHB-OAB system.
It is observed from these figures that surface excess
obtained for the mixed system is always greater (for

oE Hrtays0 M o+ Hoags | all concentrations) than that for systems with single
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Fig. 3 - Variation of I, with g™ for the adsorption of fixdd concentration of o-hydroxybenzoic acid with variable concentrations of
o-methylbenzoic acid on mercury
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Fig. 4 — Variation of I',,, with g™ for the adsorption of fixed concentration of o-methylbenzoic acid with variable concentrations of o-
hydroxybenzoic acid on mercury '

organic adsorbate. Another notable feature seen
from these curves is that for all concentrations the
surface excess of the mixed system is always less
than the sum of surface excesses of individual com-
ponents. It is also found that for both the mixed sys-
tems maximum surface excess is noticed at charge
value ranging from + 3 to +4 uC-cm™2 But for in-
dividual systems, maximum surface excess is ob-
tained at less positive charges. This difference may
probably be due to the simultaneous adsorption of
two adsorbates on the mercury surface.

Table 1— Variation of surface coverage for different surface
charges at the mercury/solution interface

qM 6, 6, 6, ‘A 6,+86,
{(uC-cm~?)
8 0.5011 0.0568 0.3655 0.1742 0.5397
7 0.5919 0.1640 0.3765 0.2023 05730
6 0.6709 0.2494 0.4073 0.2308 0.6381
5 0.7340 0.3019 0.4460 0.2550 0.7010
4 0.7735 03194 04857 0.2620 0.7477
3 0.8089 0.3718 0.5057 02925 0.7982
2 0.8129 0.3938 0.5164 0.3068 0.8232
1 0.7893 0.4068 0.5206 0.3502 0.8708

6,: 6due to 1 x 10-2 MOHB +0.1 MNa,SO,

8,: 6due to 1 X 10~2 MOMB +0.1 MNa,SO,

6,: 0 due to 1x1072 M OHB+2x107* M OMB+0.1 M
Na,SO,

6,: 6 due to 1x10"2 M OMB+2x10"* M OHB+0.1 M
Na,SO,

(ili) Coverage () of the metal surface by adsorbed
organic compounds

Coverage (6) was obtained using the relation
6=I/I',, where T, is.the maximum value of the
surface excess. Values of I',, were evaluated from
the slopes of C/T" vs C curves for qM=0. It was
found to be 8.0x10°1° mol-cm~2? for OMB,
12.75x107°  mol:cm™? for OHB and
14.64 x 10~ 1% mol-cm~2 for OAB. Values of cover-
age have been obtained for both the systems for dif-
ferent charge densities and are shown in Tables 1
and 2. From these data for coverage at different
charge densities, the following general observations
can be made:

Table 2 - Variation of surface coverage for different surface
charges at the rercury/solution interface

q 9, 0, 0, 0, 0+ 0,
(uC-cm™?)

+8 0.5011 04193 0.2288 0.2189 0.4477
+6 0.6709 0.4574 0.2902 0.2653 0.5555
+4 0.7735 0.5869 0.3483 0.3493 0.6978
+2 0.8129 0.6937 03381 04684 0.8063

0 0.7577 0.6403 0.3278 0.4211 0.7489
-2 0.6551 05412 02902 0.2947 0.5849

6,: @dueto 1 X 10-2 MOHB +0.1 MNa,SO,

9,: 6dueto 1 x 1072 MOAB + 0.1 MNa,SO, )

65 6 due to 1x10°2 M OHB+8x10"* M OAB+0.1 M!
Na,SO,

8,: @ due to 1x1072 M OAB+8x10"* M OHB+0.1 M
NaZSO4
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(a) Simultancous adsorption of both the cg‘bmpo—
nents tak¢s place. ‘

(b) At very low concentrations, the extent of ad-
sorption of the fixed concentration constituent from
the mixed solution is found to be less than that of the
same constituent studied individually. This fact
clearly shows that the adsorption of one constituent
of a mixture takes place by bringing down the ad-
sorption ¢f the other. So the adsorption of one con-
stituent iy found to take place by partial replagement
of the already adsorbed organic compound and the
adsorptian of both is observed over the wholg range
of potential.

(¢) At lower concentrations of the adsorbate with
varying goncentration, an important behaviour is
noticed. The sum of the surface coverages of mixed
adsorbates (0, and 6,) is almost equal to the cover-
age of the component which is adsorbed more as an
individual adsorbate. It is seen from Table 1 that at a
charge of +4 uC-cm™? the coverage values| of the
individual adsorbate (of concentration 1 % 102 M)
are found to be 0.7733 and 0.3194 respectively. But
coverages from mixed solutions, 6; and 6,, are
0.4857 and 0.2620 respectively and the sum total is
0.7477. This is equal to the coverage (6,) of the ad-
sorbate with more adsorption. A similar behaviour
is observed from Table 2 also. This behaviour is
shown almost at all electrode charges, especially at
low concentrations of the varying constituent, These
observations are in keeping with observatipns by
previous workers!™.

(d) Though there is a general agreement and
correlation among the chosen systems at very low
concentrations, there is a considerable disagree-
ment for more concentrated solutions. This may be
due to an error in the value of 6 obtained by graphi-
cal differentiation. Moreover, the calculation of
coverage is based on assumptions that adserbates
are adsorbed in one orientation. But this may not be
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so in reality because z-electron interaction may in-
volve a flat or mixed orientation. Calculation of 6,
ignoring lateral interactions between like and unlike
molecules, will introduce an error in the value of 6.
The true value will vary depending on whether the
interaction is attractive or repulsive and this depends
on the orientation of the molecule at the metal/solu-
tion interface.
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