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Abstract

Despite the adsorption of 9-uminoacridine (9-AA4) 1o clay mineral montmorillonite has been
investigated previously, the reaction mechanisms of the adsorption are still interesting to studv. This
research tries to describe the interaction benveen 9-44 and surface sites of montmorillonite by modeling
experimental data using an extended constunt cdpaut(@tce surface complexation models (ECCMs).

Adsorption of 9-44 on K-saturated mﬂwﬁmllomre Jwus measured at 30 'Cwith 5 mM KNO; us
the background electrolvte. Three types of adsorption e\pernnenl( agid-base iitrations, adsorption edges,
and adsorption isotherms were carrigdastil. Fourier Ttans/mnﬁzb!ﬁ‘ai ed (FTIR) and X-Ruv Diffruction
(XRD) measurements were also conducted to confirm ECCMs results. -

ECCMs to the dulagj}}: the adsorption experiments and EFTIR dun} = suggest that ar low
concentrations the 9-AA farms outer-sphere surface complexes with pH- depent@irly charged SOIH sites on
the edge of mummurll/omw through hyvdr agen bonding, and with permanent- negativ LMQI ved sites (X7)
on the silica-like fac @@W the clay via cation exchange mechanisms. Adsorption isotherms are "L shaped a1
pll 4.0 and s x,;mj,guped at pll 6.0. At pH 6.9, especiailv, the isatherms indicaie a co-operative adsorption
mechanism as the concentrations of the molecule increase because increasing the concentration of the dve
might modify the clay to make hinding of melecules with the surface more fuvorable. XRD data suggest that
sorption eccurs not only ar external X~ siies but also at those ir the interlaver spaces.

Keywords : monmorilfonite; Y-Aminoacridine, surface complexation model: extended consiant
capucitance model

FTIR measurements. This research combines
adsorption, FTIR spectroscopic, XRD and surface
complexation modcling investigations to deduce
the mode of interaction between 9-AA  and
mentmorillonite.

I. Introduction

Montmorillonite  crystals  have  two
different regions which have been implicated in
adsorption. 1), 2). The external regions {faces plus
edges) carry both permanent ncgatively charged
(\7) sites and sites with pH -dependent charges B
SOH. The interfayer region has R T , .
negatively  charged  sites  resulting  from All sorption expeﬂmcn}i were conducted
isomorphous  substitution, which may  be at a constant temperature of 30,"C in thermostated
compensated by h)(}'ra'tud interlayer cations. vessels. The background elettrolyte was S mM

9-AA can sor}%f:ﬁhkr o external active KNO;. In expenmenty “with mommor}llomtc
sites or in the interlayer >p‘ésgﬁof meontmorillonite suspensions  the "*’{u”a“ arca ot the
as aminopyridines can. 3). Intué%&&gon of cations montmorilioniggawhs 100 m”L "

or organic species into the interlayer spiBesed2al . o marye® _'”ma.“bd& tma“.om “L,r; wndmdt"d ‘0hn
clay minerals like montmorillonite is known to montmorilionttc suspensions without. and with.

change the basal spacing of the clays 4). added 100 uM  9-AA. Montmoritlonite  was
Adsorption of  oreanic molecules to equilibrated in water at its natural pH tor overnight
montmorillonite can decrease. S), increase, 4), or and then, if necessary. 9-AA was added to give a

{I. Experimental Methods

E

leave the basal spacing of the clay unchanged. 2). final concentration of IOQ UM 9-AA. The pH of
Thus determination of such changes by XRD can the system then was raised to about 10.0 by
provide qualitative information on the type of the addition ot 0.100 M KOH, and the suspensions
interaction between the organic molecule and was titrated back with 0.100 M HNO: to about pH
montmorillonite. 4.0. Successive additions of HNO: were made
The interaction of organic molecules and only after the pH drift was less than 0.1 mV min

surface of clay minerals can also be identified by which is usually reached in 30 min.
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Adsorption cdge cxperiments measurcd
the effect of pH on the adsorption 100 uM 9-AA
on montmorillonite. Montmorillonite suspensions
were pre-equilibrated overnight at their natural pH,
and then the pH increased to 10 using KOH. After
30 min an aliquot of 9-AA was added giving a
total concentration of 100 uM. After a further 30
min a 7 ml sample was transterred into a
centrifuge tube, and capped. The pH of the stock
solution was decreased in steps, and further 7 mL
samples taken after 30 min cquilibration at cach
pH. All the samples were then shaken for 2 d and

centrifuged. The supernatant solution were then

analyzed for free 9-AA.

Adsorption isotherms  describing  the
cffect of 9-AA concentration on adsqﬁmﬁn were
conducted at pH 4.0 and 6.0. The O9-AA
concentration was increased lws from | uM tfo
500 M by addition of a stock solution whose pH
had been adjusted to pHs4.0 or 6.0. After ‘each
addition the system if%%‘gqumbrand tor 2 h, with
the pH maintayged by addition of KOH or HNO,,
beforc a 7 mlL sample was transferred o a
centrifuge tube, and capped. All the samples werg
then shaken for 2 d, and the pH remeasured before
they were centrifuged. and the supematant
solution analyzed for 9-AA.

I11. Results and Discussions
A.  Resuits
FTIR spectra

Infrared speetra indicates the availability

of -NH functional groups on the surface as shown

by specific absorption of heterocvelic tings at -

wavenumbers of about 1590 and 1640 cm™'. *Fhe
absorption of secondary aminc at 3286.5 cm’',
C=Nm 1470 - 15024 ¢m’
1371.3 em” are afsa ohuous evidences of sorbed
9-AA on the sutface of montmorillonite, but the
adsorption does nok-shift absorption bands of SiO
in wavenumbers of 453, 794, and 1022 cm™
E

Jﬁ'!d

XRD Ditiractogram

The ¢-axis spacing for mo‘“ﬁm;a_llmmtc m
the abscnce of 9-AA was 13.23 A, and chafig
into 15.07 A in the presence of 0.01 M 9-AA
(graphs arc not shown).

Adsorption experiments and modeling

The surface complexation model was
developed to determine rcaction mechanisms by
considering spectroscopic data and by fitting
adsorption cdges.  adsorption  isotherms  and
titration data using a computer software GRFIT.
6). The model parameters for the adsorption

cand C-N sm‘k&agaﬂ} L

reactions are given in Table 1. The fit of the modc!
to the adsorption and titration data is shown in
each of the Figures. Fig. 1 gives the titration data
for solution of 0.01 M 9-AA and for suspensions
containing 100 m” L ' montmorillo-nite without
and with 0.1 mM 9-AA,

Adsorption edges describing the effect of
pH on the uptake of 9-AA by montmoriilonite is
shown by the data in Fig. 2. Adsorption of 9-AA
with initial concentration smaller than 0.1 mM was
strong in low pH values (below 6.5). As the pH
increascd the amount of adsorbed 9-AA decreased.

“ig. 2 also show that when the total concentration

=
of 9-A increased the uptake of 9-AA increased

drdaticaily in high pH, but did not change in low
pH valueses”

Adqorptlcuruorhemh at pH 4.0 and 6.0
are shown in Fig. At pH 4.0 the amount of
adsorbed 9-AA is hm?ﬁirfékm a plateau 13 reached.
On the other hand, at pH 6Q4ffe isotherm data
show non-Tangmuirian behavior indicating greater
amounts of the 9-AA adsorbed as the total 9-AA
concentration was increased.

Table 1. Surface complexation model parameters for
adsorption of B-AA by montmorillonite

Sites Concentration

SOH / mmol m~ (1.0069
X/ wmmol m™ 0.0112
Inner &apacita11cc (Fm™) 3
Quter capacitance (F m ™) 7

Equilibrium constants, log;, &, for site
protonation and deprotonatip_g;_eactions

1) SOH +H == SOH.” 2.400
8 “”"?Oﬂ'ﬁ SO +H -6.640
3 [X-K]+H == 6.558

[X-H71 4K
Equilibrium constants,tog,, K. for 9-AA
(L) protonation angaleprotonation

reactions e o o
4y L +L—w6§x LH 2382
e»'m..mé‘?"ﬁ +OH == 1{OH) 9.27
Equilibrium constants. log,”. K, for
surface complex formation
Y [X=K)"+3L +2H == 19.637
[(XLHY-(LH.LY} + K~ .
7)SOH + 2L + 2H™ ==
21.373

[(SOHY'—~(LH %)™
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0.01 M 9-AA solution

[H') added / mM

-1.0

100 m* L montmoritionite
without and with 0.1 mM 9-AA

pH
Fig. 1. Acid-base titrations of singly and binary
systems. The symbols are expertmental data: () 9-AA
solution only. { & } montmoritomite suspension only.
and ( \} montmorillonite with 9-AA. The lines are
caleulated by ECCMs with parameters from Table 1.

B. Discussion
General Observation

The  greater  basal  spacing  of
montmorillonite due to the adsorption of 0.6+M
9-AA shows the mmportance of cation exchange
sites (X sitesy in interlayer
montmorillonite  for adsorption of 9-AA. A
previous investigation on  adsorption  of  2-
aminopyridine by "montmorillonite proposed that
basal spacing of monmmprillonite that adsorbed 2-
aminoprydine increased Hramaticatly because the
molecules arc arranged \x'itlf“heg,gzlglxe of the nng
approximately perpendicular to Thé’"ﬁﬂiﬁ%{f layer
7). However. the adsorption  was  repd
primarily onto external sites (SOH on the edges of
crvstals) based on rapid adsorption and desorption
rate. Significant role of external SOH sites for the
adsorption was also shown by infrared spectra
from which adsorbed ~-NH functional groups
identiticd on the surface, but the adsorption does
not shift the bands of adsorbed species meaning
that the interaction involves outer-sphere complex
formation because the interaction involves weak
chemical bond. Strong chemical interactions with
surfaces have been associated with significant

régigns...ody,

shifts and changes in the spectra of the sorbing
species. 8). Therefore. it was not surprising that
adsorbed 9-AA can desorb from the surface of
montmorillonite rapidly. 9).

~
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Fig. 2. The effect of pH on the adsorption of () 0.}
mM and () I mM 9-AA by montmornitlonite. The

lines are calculated using ECCMs with parameters

listed in Table 1.
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Fig. 3. The effect of 9-AA concentration on the
adsorption of 9-A A by montmorillonite at (@) pH 4.
and ( ) pH 6.0. The lines are the best fit cateulated
by ECCMs with parameters given in Table 1.

On the other hand. the fact that the
concentration of 0.01 M 9-AA can increasc the
basal spacing of 1.84 A is evidence that significant
amount of 9-AA are intercalated when their initial
total concentrations are high.

Surface Complexation Model to Study Adsorption
Process

ECCMs was firstly done to titration data
of singky and biary svstems. The model fit very
well to experimental data as represented by the
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lines in Fig. 1 whose parameters are listed in Table
1. The parameters are then used as fixed
paramecters for modeling adsorption cdges and
tsotherms data which also produced very well fit
(Figs. 2 and 3).

The uptakc of 0.1 mM 9-AA by
montmorillonite was strongly pH dependant, and
strongest below the pk, of 9-A A, suggesting that it
is the 9-AA cation that adsorbs. The model
suggest the adsorption at low pH follows reaction:
SOH + 2L+ 2H == [(SOHY'~(LH )" T~

The reaction suggests that 9-AA cation

maybe a co-operative sorption mechanism,
whereby the initial sorption of 9-AA increases the
probability of further 9-AA uptake. Another
possibility is the tformation of aggregates or
clusters of 9-AA molecules in solution or at the
surfacc. When modeling this system we found that
the sorption data could not be explained by simply
allowing for more sorption sites in the model. The
stoichiometry does support the hypothesis that 9-
AA sorbs in clusters or ar higher
concentration.

layers

forms outer-sphere complex with external SOH ‘,.'[\ Conclusion
sites on the cdges of montmorillonite throughe®”

hydrogen interactions. Fig. 2 shows the fraction of
9-AA adsorbed from total concentratjoned] mM
and | mM are about 97Y%. Increasing
concentration of 9-AA requircg ; dpere surface sites
to adsorb, that will result in decr»asmg the fraction
of 9-AA that is able to adsorb. In fact. the fraction

of 9-AA docs not ded®¥fe indicating forfhation of
9-AA clustersjn_solution before mturaamg the
surface. Isotherms data at pH 4.0 also support the
assumption with very high adsorptive capacity of
surface sites. Further cvidence for this mechanisin
comes from very rapid kinetic sorptién reported
previousty, 9).

The speciation drawn in Fig. 2 shows that
[(SOHY-{LH)."] complex exist predominantly
at low pH and responsible for most  total
adsorption of 9-AA. ’

Model also assumes an ion exchange
interaction with negative sites on the clay at high
pH values:

[X -K]°+3L + 2H == [XLH)’«(LH.L)] +.K"

In the above reaction we have written the
exchanged ton as K™ because thewglay was

. . e TS S ;
potassium saturated. Cation cxchange Ses OrE®s

montmorillonitewexist in silica sheets present on
outer faces of theglay and in interlayer regions.
XRD data indicate lH‘t{;{dCUGH of 9-AA also in the
interlayer regions of ﬁe clay, as there is a
significant increase in the™ ‘hasal spacing in the
loadings of 0.01
[XLH)“ (LH.L)T" complex exist at hw
species  becomes more important at higher 9 AA
concentrations.

The most interesting aspect of our
investigation was the increased uptake of 9-AA at
high pH as the total concentration increased. This
is clearly demonstrated by the upward curvature of
the 9-AA adsorption isotherms at pH 6.0 (Fig. 3).
There is a number of possible explanations for this

behavior.  Firstly, thc number of accessible
sorption sites may increase as the 9-AA
concentration  increases.  Alternatively,  there

3. ] Ikhsan, M.J. Angove.

&

9-AA  adsorbs  montmorillonite by
forming & outer sphere complexes with pH-
dependently cl;}a;g’isd sites  through hydrogen
bonding following a reacti
SOH + 2L + 2H™ =="#{SOH)'~(LH")," "~
and with permanent negativelwharged sites hoth
on faces and interlaver regions via cation exchange
reaction:
[XlK—]({ F3L+2H == [XLH)'«(LHL)] - K~
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