Bhatt Hemlata et. al, [J[SRR 2022, 11(4), 86-93

Research Article Available online www.ijsrr.org ISSN: 2279-0543

International Journal of Scientific Research and Reviews

Adsorption of L-Aspartic Acid onto Montmorillonite Clay and Cations
Exchanged Montmorillonite Clays

Bhatt Hemlata'"and Pant Chandra Kala?

YDepartment of Chemistry, Govt. Post Graduate College, Ranikhet (Almora) Uttarakhand-263645,
India
Department of Chemistry, DSB Campus, Kumaon University Nainital, Uttarakhand-2636001

ABSTRACT

Adsorption of L-aspartic acid was consistently studied on the surface of eco-friendly
montmorillonite and cations (Ca,>* Mg? *and Ni’*) exchanged mClays. Adsorption studies have been
done in aqueous media as a function of pH (9.2 - 3.0) in the concentration range of (9.0 x10 °M - 1.0 x
10°M) and temperature of (20 - 25°C). The process of adsorption was supervised consistently by
measuring the absorbance of L-aspartic acid solution at a wavelength (Amax) 205 nm. The amino acid
binding percent (%) is calculated in terms of its absorbance. The maximum amount of L-aspartic acid
was adsorbed at neutral pH (7.0£0.01) and a temperature of 25°C. A Langmuir type of adsorption
isotherm was intended for the various concentration ranges of the experiments. It was agreed that
calcium-exchanged montmorillonite was a superior L-aspartic acid adsorbent in all cases studied. The
adsorption parameters, i.e., K_and X, have been calculated using L-isotherms as the plot is linear with a
correlation coefficient (r’) of 0.9. A thermodynamic benign exothermic reaction is observed, based on

the values of Gibbs free energy (G).
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INTRODUCTION

Clay minerals are the beneficial materials available in nature with an increasing understanding of
clay structure. Montmorillonite and other clay minerals are recognized as a viable material for improved
performance in a variety of materials and products such as catalysis, food additives, antibacterial
function, polymer sorbent, and beauty products, among others’™. As it has been served by the
researchers>® that montmorillonite is a very delicate disilicate group of minerals from when they
precipitate from water and a member of the smectite family, is a 2:1 clay substitute, having two
tetrahedral sheets of silica sandwiching a central octahedral sheet of alumina’®. The main benefaction to
the surface charge of montmorillonite layers is the stable negative charge on the basal planes due to
isomorphic substitutions'®. Several experiments***? have been carried out to synthesize peptides from
amino acids catalysed by clay minerals such as montmorillonite, kaolinite hectorite, bentonite etc. Peach
— Horowitch®® announced that montmorillonite catalyses peptide bond formation from an aqueous
medium of an activated amino acid adenylate. Our work™* on L-valine on mClay and cation exchanged
mClay studies have shown that it ideally adsorbs anions, forming surface bonds through the two
carboxylate oxygen atoms and the nitrogen atom of the amino group. In addition, there is a strong
proclivity to form hydrogen bonds with other molecules on the surface, which in some cases, leads to
the loss of surface coordination and for the formation of dipolar species. The successful work of L-
valine'* an aimed to explore the work with another amino acid which is acidic in nature and one of the
most plentiful AA L-aspartic acid (HOOC.CH(NH;) CH,COOQH) in nature, and it has three functional
groups: alpha-amino group, an alpha-carboxyl group and beta-carboxyl group which can interact with
the metal surfaces their role of surface interaction with mClays and their cation exchanged properties in
the uses of pre-biotic formation of bio-molecules. As we know bio-molecules are available on earth’s
crust in different conformations. Amino acids are the most important component of life on Earth because
they are the building bricks of proteins, enzymes, and muscle tissue, all of which are required by all

living things for proper body functioning and allied anatomical processes.

MATERIALS AND METHODS

Calcium (Il) chloride, magnesium (Il) chloride, and nickel (Il) chloride were achieved by BDH
Company USA. All the chemicals were of analytical grade and used without further purification.
Solutions were developed in triply deionized water. X-ray diffraction measurements were performed on
<2 um samples. Calcium, magnesium, and nickel Homo-ionic clays were prepared by saturation
method®™ with 50ml of the 1M concentration of each metal chlorides. The excess of the salts was
percolated out by washing and centrifugation procedures were separated until the chloride ion was no
longer detected by silver nitrate®®. Finally, divalent cation exchanged forms thus acquired were dried
under a vacuum at room temperature. The dried product was unagitated and sieved to a particle size of
125um. The adsorption of AA i.e., amino acid on mClay and cation exchanged mClays in an aqueous
medium was studied as a function of pH, temperature, and concentration of adsorbate. To obtain
saturation point by adding an appropriate buffer to the AA containing montmorillonite/Ca/Mg/Ni
incorporated montmorillonite keeping in mind, that the buffer should be a very weak ligand so that
suitable complex formation with clay could be avoided. Buffers used were 0.2M KCI and 0.2M HCI for
pH 1.0-2.0, 0.2 M CH3COOH and 0.2M CH3;COONa for pH 3.0 - 8.0, 0.2M borax and 0.2M HCI for
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pH 9.0 and 0.2M borax and 0.2 M NaOH for pH 10.0. The pH of the solution was verified using an
Agronic digital-511 pH meter. This was also verified by conductivity measurement, as there is no
change in the inflection point by titration buffer against the salt solution. A buffered 10ml AA solution
was added to conical flasks containing 50mg of mClay and cation exchanged mClays and mechanically
stirred for 15 minutes before being left at room temperature for 18 hours. Similar sets of varying
concentrations of AA with various adsorbents were incubated over a temperature range of 20-25°C for
varying periods and pH to find out the conditions of maximum adsorption. After about 18 hrs of
maturation, the suspension was centrifuged in Teflon-coated tubes at 3500rpm for 30min. The
supernatant was decanted and the AA concentration of L-aspartic acid was measured
spectrophotometrically at 205 nm at neutral pH7.0. Before the start of the experiment, the laboratory
glass vessels were sterilised at 160°C for 30 min and then covered with aluminium foil (bacteria in the
air can eat AA). The amount of AA adsorbed was calculated based on the difference in concentrations
before and after the adsorption of each experiment. It was observed that additional maturation time did
not appreciably change the degree of adsorption. The absorbance of L-aspartic acid (pKacoon=2.3,
pKbnH3=9.6) was measured spectrophotometrically at corresponding Amax 205nm. The equilibrium
concentration and the amount adsorbed were used to obtain the adsorption isotherm (Indirect method).
In the direct method, absorption spectra were documented using the Jasco-V550 Spectrophotometer to
attain the quantity of AA adsorbed on clays which were further verified by the desorption of AA from
their clay complexes formed after equilibrium and frequently washed by resuspending the centrifuged
pellets in 1ml of double distilled water until no more amino acid was detected in the suspension (spot

test colour with ninhydrin reagent at 570 nm) and then the optical density was measured *'.

RESULT AND DISCUSSION
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To achieve maximum adsorption, the adsorption of L-aspartic acid (structure, above) on mClay and
cation-exchanged clays in an aqueous medium was studied at pH 3.0-9.2, temperature range of 20-25°C,
and a concentration range of 9.0 x 10°M-1.0 x 10°M of the adsorbate. Moreover, the main purpose is to
study the adsorption of L-aspartic acid on mClay with or without divalent cations as an adsorbent for
preferential adsorption under pre-biotic conditions believed to have existed near the lithosphere-
hydrosphere boundary of the primitive sea or on the bottom of the sea. The study of adsorption as a
function of temperature showed maximum adsorption at 25°C. Elementary studies have shown that the
amount of L-aspartic acid adsorbed on mClay is pH-dependent, with a maximum at pH 7.0. In all case
studies involving L-aspartic acid adsorption, subsequent investigations were carried out at pH 7.0 and a
temperature 25°C (the constant temperature was maintained by an ultrathermostate). The effects of pH
on the adsorption of L-aspartic acid on mClay at a temperature at 25°C are shown in Fig.1 and the

results are noted in Tablel
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Adsorption studies of L-aspartic acid as a function of pH specified that initially up to pH7.0 the
adsorption was increased and decreased after that, as shown in Fig.1, this trend appears in all cases
studied of L-aspartic acid. Therefore, neutral pH was chosen to run the maximum adsorption of L-
aspartic acid in a broad concentration range because the neutral pH is anatomically notable and most of
the oxidoreduction reactions in biological systems take place in a neutral medium. Though, the inherent
dipolar nature of amino acids also furnishes some insight into the pH effects. Under acidic conditions,
amino acids occur as cations however as the pH of the solution tends towards neutrality, the dipolar
form exists. | noticed that L-aspartic acid has an isoelectronic point value of 6.0. The more substantial
adsorption of AA was observed at pH above the isoelectric point (>6.0) indicating that the adsorption
occurs in the form of anions™®. The higher adsorption of L-aspartic acid on clay and cation-exchanged
could be due to interactions of AA with replaceable divalent cations: Ca (I1), Mg (1) and Ni (II) present
in the clays. At higher pH (>7.0) appreciable decrease in adsorption of L-aspartic acid on mClay with or
without cation exchanged mClay was observed. This may be because at higher pH, coordination of
available hydroxide with divalent cations becomes ambitious with that of adsorbates. Effects of pH on
the adsorption of L-aspartic acid studies showed that L-aspartic acid is adsorbed in an anionic form on
adsorbents. It may be due to the presence of the amino group and a carboxylic group which appears as a
site for interaction with the clay surface. The percent (%) binding shown in fig. 2 was calculated with

% Binding = (Cgr— Car)/Cgr % 100
Cgr and Car are concentrated after adsorption, respectively. The value of maximum uptake of L-valine
was observed on montmorillonite and cation exchanged clays are in the following trend:

M-Ca?*> M-Ni*"> M-Mg**> M-Clay
The adsorption isotherms C¢q (equilibrium adsorbate concentration) as a function of concentration, i.e.,
the adsorption of L-aspartic acid on clay with or without cation exchanged clays exhibit a linear
relationship. Adsorption increases rapidly at lower amino acid concentrations. The adsorption increases
rapidly. However, at higher concentrations, saturation appears to render more adsorption. The
asymptotic nature of the adsorption isotherm was shown in Fig. 3 and indicated the Langmuir type of
adsorption or monolayer formation. Langmuir plots exhibit the amount of AA (L-aspartic acid) adsorbed
as a function of their equilibrium concentration. The adsorption of AA on adsorbents follows the

Langmuir equation®®

Ceq _ Ceq 1

Xe Xm  KiXm
Where, Ce¢q is the equilibrium concentration of the AA in solution, Xe in mg the amount of solute
adsorbed per gram weight of adsorbent and X, in mg the amount of solute required per gram weight of
adsorbent for complete monolayer formation. K. a constant related to enthalpy (AH) of adsorption (K oc
e ®RTy the parameter K, reflects the steepness of the approach to saturation, more precisely; the K

value is the reciprocal of concentration at which half of the saturation of the adsorbent is attained. “KL”

is a constant, which is a function of adsorption energy.
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Fig. 1. Adsorption of L- aspartic acid on mClay
as a function of pH; temperature 25°C

Table 01 L-aspartic acid adsorption on mClays: percent binding and Langmuir constants with or without cations at a

temperature of 25°C
L-aspartic Adsorbents | %Binding | Xm(mgg™ | KL r’(L)
acid (1p=6.0) Y (Imgg™)
M-Clay 21.11 50.56 -209.50 | 0.99
M-Ca 25.55 61.30 158.71 0.99
M-Mg 23.33 55.92 214.59 0.99
M-Ni 24.44 58.94 52.19 0.99
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Fig. 2. Percent binding of L-asp acid on mClay and cation exchanged clay surfaces
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Fig. 3. Adsorption isotherm of L-aspartic acid on
mClay in presence and absence of different cations
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The pertinent Langmuir adsorption parameters Xm and K. were calculated from the slope and
the intercept was obtained from the graph of Cey/Xe versus Ceq. Xe can be calculated asymptotically from
Fig.4 on extrapolating the adsorption curve towards Y-axis when the saturation phenomenon occurs. It
was noticed that the adsorption mode (% binding and Langmuir constants) of adsorbate adsorbed on

mClay with or without cations largely commits on the nature of the adsorbate as well as an adsorbent.
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Fig.4 Langmuir adsorption isotherm of L-aspartic acid on
mClay with or without cations; pH 6.6; temperature 25°C

® M ®— M-Ca2+ M-Mg2+ M-Ni2+

Results and facts were further supported by the thermodynamic free energy (AG®)
considerations, calculated, by the following equations **,%.

AG® = —RTInK°........................ (1)
Krz _ -AH°[1 1 .
an—T1 == [TZ Tl] ........................ (i)

Where Ko is the thermodynamic equilibrium constant determined by plotting the slope of linear
Langmuir adsorption curves. Ceq/Xe and equilibrium concentration in the Y-axis Ceq in X-axis R is the
gas constant, and T is the absolute temperature. With the equilibrium constant K, the changes in
standard Gibbs free energy (AG®) of adsorption of L-aspartic acid were calculated in the range of-1.21

t0-1.69 kJ mol™ at 25°C. The negative values of AG® for the adsorption of AA on mClay with or without
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cations (Ca** Mg®*, Ni**) indicated a thermodynamically supportive exothermic reaction. All the
calculated values are recorded in Table 02.

Table 02 Adsorption of L-asp acid on mClay with or without divalent cations at 25°C

L-aspartic acid | Adsorbents InK, AG? (kJmol™
(1p=6.0)

M-Clay 1.98 -1.69

M-Ca 1.63 -1.21

M-Mg 1.79 -1.44

M-Ni 1.69 -1.31

CONCLUSIONS

The adsorption of L-aspartic acid on mClay with or without metal cations substitution is
maximum at neutral pH and 25°C, these values are of physiological importance as they also correspond
to the ideal conditions for various bio-chemical reactions in living systems. The adsorption of L-aspartic
acid on all four forms, including mClay follows Langmuir type adsorption, which indicates monolayer
formation of adsorbate on the clay surface. The percent (%) binding and Xm values in Table 01
demonstrated that the effect of metal cation assimilated clays was comparatively more significant for
adsorbate adsorption. Results reported in this transmission reveal that Ca?*’exchanged mClays have
better adsorption properties as compared to Ni**, Mg** and mClay without cations. The thermodynamic
studies of mClay - AA complexes have shown that the equilibrium constant Ko, the changes in negative
values of standard Gibbs free energy (AG®) of adsorption of L-aspartic acid as mClay in the presence
and absence of different cations, thermodynamically supportive exothermic reactions in the forward
direction. In a primeval sea experiencing an oscillating environment mClay and cation exchanged
mClays could have behaved as an active surface for concentrating bio-molecules. On the basis of
investigations, the role of inorganic cations in the adsorption of amino acids on clay may be assumed as
the neutralization of the negatively charged surface of alumino-silicate by intercalation. Further
investigations into the adsorption of L-aspartic acid, nucleobases, and sugars on mClays with or without
divalent cations may be conducted based on the above. Thus, our study suggests the plausible
importance of mineral clays in the selection, concentration and  condensation of important bio-
molecules during the evolution of the chemical the pre-biotic earth. This procedure could conceivably

aid in the formation of polymers in oscillating drying- wetting environments.
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