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ABSTRACT

The adsorption of glutaric acid on mercury in aqusaolution of 0.1M N&Q, has been investigated by capillary
electrometer. Thermodynamic parameters such ascitharge density (f, surface excess of organic molecule
adsorbed {org) and coverage) have been evaluated. The adsorption of glutacid @ccurs both on positively
and negatively charged mercury surface. Maximunogd®n occurs at negative charges and desorpticcucs at
extremes of positive and negative charges. It imdofrom g versus potential-E) plot that the glutaric acid at
various concentrations intersects one another & 88/ which is negative to the electrocapillary maxim (ecm)
and at a charge density o2.5C cm?. The adsorption of glutaric acid obeys Langmuadsorption isotherm. The
maximum coverage occurs at a charge densityla? ,C cm? The free energy changes of adsorption of glutaric
acid with coverage were ascribed to the dipole-tipoteraction at the surface.

Key words: Adsorption, Capillary electrometer, Interfaciah$eon, Glutaric acid, Adsorption isotherm.

INTRODUCTION

The adsorption characteristics of many organic aumgs at the mercury solution interface have beseribed in
the literature [1-5]. Organic adsorption plays keles not only in electrochemical energy conversimut also in
electroorganic synthesis, corrosion protection¢ctedeleposition, electrochemical sensors, etc. Imegd, organic
adsorption may be represented by a displacemeadsufrbed water molecules according to the readiwoganicl,
+ nH,O,4s <> [Organiclys + NHOso. The organic molecules will have to be dissocidtech any water molecules
with which they are hydrated because they havergpiaups. In general, the lower the solubility bétorganic
compounds in the electrolyte, the higher the adsddiliby on the electrode.

Glutaric acid is a dicarboxylic acid with odd camboumber. It is used to decrease polymer elastieisyscale
removers, water treatment chemicals, tanning ageotsosion inhibitors, and in the synthesis of rpieceuticals,
surfactants, and metal finishing compounds. An wtdading of the adsorption behavior of neutralaoig
molecules is essential in elucidating the reackiortics across electrode/electrolyte interfacemnd<and Xing [6]
examined the adsorption of dicarboxylic acids bplikdte and montmorillonite at different pH conditis. The
magnitude of adsorption of succinic acid, glutaid, adipic acid and azelaic acid on such minevals the highest
at pH 4 as compared to those at pH 7 and 9. Maatcald. [7] studied the adsorption of phthalic asid mercury
electrode in the pH range 0.5-11.5 using surfacesiée, double layer capacity, and zero charge piaten
measurements. The calculated adsorption isotherdisaite a reorientation of phthalic acid molecutesn flat to
vertical orientation with increase of phthalic acidncentration in the solution. These results coetiwith the
change of the zero charge potentials suggestrittheivertical position -COOH groups are directethe surface of
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the metal. Morrison and Miller [8] determined theximum adsorptions of the lower members of the mamnd di-
carboxylic acids from aqueous solutions for cocothdrcoals of different degrees of activation. Tkhepcluded
that acids with an even number of carbon atoms lagger adsorptions than acids with an odd numbée T
alternation was much more marked for the di- tharttie mono-carboxylic acids. Adsorption equilibofaglutaric
acid and glyoxylic acid on weakly basic ion-exchangmberlite IRA-67 were theoretically and experittaly
investigated [9]. The equilibrium isotherms wergngiicantly dependent on initial acid concentratiand the
adsorption of both acids followed pseudo seconcerotdnetics. Shinjiro Yagyu et al. [10] investigdtehe
adsorption structure of glutaric acid on the Cujldiiface as a function of sample temperature andladed that
glutaric acid adsorbs as mono-glutarate form atk@hd changes to a bi-glutarate structure at 60TH€ several
studies carried out about the adsorption behawbdicarboxylic acids to establish relationshipsa@en molecular
properties and of these compounds. The aim of tesept study was to determine the structure of the
mercury/solution interface for glutaric acid andattalyse how the presence of carboxyl groups fffiecadsorption
process in presence of sodium sulphate as supg@teatrolyte.

EXPERIMENTAL SECTION

The design of capillary electrometer and the expenital cell set up used for the measurement offatti@l tension
are described elsewhere [11]. Mercury used wasakrgghde and it is further purified electrolytigadind distilled
in an all glass pyrex still under reduced pressiine. base electrolyte sodium sulphate (BDH) wa&Rfgrade used
after recrystallisation twice from triple distilleglater. Glutaric acid (Sigma) of AR grade was usétiout further
purification. Purified hydrogen was used for theaelation of experimental solution. All the measuzata were
carried out in an air thermostat at 25 £+ 0.2°C. Tercury in the capillary electrometer was polatiz¢ various
values of potentials ranging frorD.1 to-1.6 V applied with reference to Hg/b80/0.1M NaSO, using a
precision potentiometer in combination with a 68dd acid battery. All the potentials are measusidgua digital
multimeter (HIL 212).

RESULTSAND DISCUSSION

Electrocapillary curves:

Electrocapillary curves for various concentratiofig/lutaric acid using 0.1M N8O, as the base electrolyte at 25 +
0.2°C are shown in figure 1. Values of interfat¢éision {) were determined between the potentials, O-dnél V

of the mercury electrode with respect to Hg/Hg®AM NaSO, electrode. All the runs were duplicated and the
results are reproducible to 0.2 mN’nat the electrocapillary maximum and + 0.8 mN' mt the extremes of the
curves. Fig.1 shows that the adsorption of glutaditl occurs both on positively and negatively gedrmercury
surface. At negative charges, adsorption is slghtbre and desorption occurs at extreme negatidepasitive
charges. The adsorption on positive side may betaltlee interaction of the mercury with the carbogsoups of
glutaric acid molecules in flat configuration. Thdsorption on the negative side may be due tortesaction of
positively charged hydrocarbon group with negativeharged metal surface. Further the change of edm
glutaric acid concentration in the solution indesata reorientation of -COOH groups which are dagdo the
surface of the metal from flat to vertical orieitat Similar observations were reported for theoapigon of
phthalic acid on mercury electrode [8].

Charge density on metal surface:

Figure 2 shows the relation between electrode ehdegsity (g) and potential{E). It is found from the figure that
glutaric acid at various concentrations intersecte another at 950mV which is negative to the sdeapillary
maximum (ecm) and at a charge density®6 uC cm?. It is clear that at extreme negativel (6 V) and positive
(-0.35 V) potentials, desorption is complete foreliént concentrations adsorbate. The negative ahiftm reveals
that maximum adsorption of dipoles of glutaric aeit adsorbed with their negative dicarboxyl endsnted
towards the electrode surface. The more positiveevabtained for glutaric acid suggests that adsmrpoccurs
with the alkyl group in contact with the mercuryfage. Further, glutaric acid adsorbs as mono-gateawith initial
concentration and changes to a bi-glutarate streietith higher concentration.
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Fig.2 Variation of charge density (qu, pnC cm™) with potential (-E, Volts) for the adsor ption of glutaric acid on Hg
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Surface excess (I'yg) Versus charge density (qu) curve:

Surface excess values for different concentratidrgdutaric acid were plotted as a function gfig shown in figure
3. It is seen from the figure that it is bell shaed when the concentration of the adsorbate asest'; 4 value
also increases. Maximum adsorption occurs at negatiarges and desorption occurs at extremes d@fvyeoand
negative chzarges. These curves exhibit a maximuomewaf surface excess near to the ecm at a changsty of
-1.2uC cm”.
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Fig.3 Variation of surface excess (T'rg) With char ge density (qw, pC cm) for the adsor ption of various concentr ations glutaric acid on Hg
from 0.1M Na,SO,

Coverage (0) versus charge density (qy) curve:

Surface excess maximurii,{) used in the determination of surface coverage beh evaluated from the initial
slope of cf' vs ¢ curve for g = 0. It was found to be equal to 5.1x%0molecules cnf. This value off,, was used

for the calculation of surface coverage<T/ I';,.). Figure 4 shows the coverage vs charge densityesthave a
bell shape for the adsorption of glutaric acid froriM NaSO, solution. The maximum coverage occurs at a charge
density of-1.2 uC cm’.

Application of isotherms:;

The application of the isotherms for the adsorptibglutaric acid on mercury from 0.1M b&0, as the electrolyte
was tested by analysing the adsorption data gralphito find the best fit of the isotherm. The aggmn data
obtained was used to try various isotherms likegoamir, Frumkin, Temkin and Virial isotherms for cheterizing
the adsorption of glutaric acid 0.1M pBO,. It was found that a family of parallel straigivid with unit gradient
was obtained when values obakere plotted against ¢ for various values gf(§igure 5 and Figure 6). It was
found that adsorption data satisfies Langmuir’ogatson isotherm.
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Free energy of adsor ption as a function of charge density:

Free energy values for different charge densitiethe metal surface were obtained from Langmuiliéssp Figure 7
shows a plot of free energy of adsorption versuasrgsh density for the adsorption of glutaric acidnir0.1M
NaSQ,. Free energy can be explained by consideringgluaric acid adsorbs on negative charges thaositiye
charges. The maximum free energy occurs at a clisgsity of-2 uC cm. The free energy changes of adsorption
of glutaric acid with coverage were ascribed todipmle-dipole interaction at the surface.

CONCLUSION

The study of adsorption of glutaric acid at the eney solution interface leads to the following clustons.

1.Glutaric acid adsorbs more on the negative sidbeelectrocapillary curve. The change of ecm witharic acid
concentration in the solution indicates a reorigotaof -COOH groups which are directed to the acef of the
metal from flat to vertical orientation.

2.Maximum adsorption occurs around the charge den$ityl.2 uC cm® Glutaric acid adsorbs as mono-glutarate
with lower concentration and changes to a bi-gatstructure with higher concentration.

3.The adsorption of glutaric acid from 0.1M J$&) solution is found to obey Langmuir’s isotherm.

4.The free energy changes of adsorption of glutadicl avith coverage were ascribed to the dipole-dipol
interaction at the surface. The free energy of gafsm has a maximum value-& uC cm?.
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