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Study of Reaction Mechanisms on the Adsorption of
9-Aminoacridine by N{ontmorillonite
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Abstract
De.tpite the utlsorpttion o/ 9-utninouc'ridine (9-AAl to t'lcry minerul montntorillonile hu-s lteen

inrestiguted previousl.t'. thc rt'ttttion mechunisnts ol the udsorption ure still intereslirtg to studl . Thi.\

reseurt.h tries to dest'rihe the interut'tion betv'e(.|t 9-.1.1 .untl sutlitt'e.site.s ol montmtn'illonite h.t modt'ling

e.rperimentul tlutu u,sing uil arten(le(l coil-rtunt cdput'it1B*e su/ut'e <'ontTtlexulion motlels tEC'C'.lI.sl.
,ldutrlttitttt o/ 9-,1A oil K-.\untrutted mwffiiiltonite,gtts meustred ut 30"C u'ith 5 m,\t r(\'O, a.r'

|hehtr,kgnt.t t t , l , , lec,tr, l l1,te.Three| ' ] :e'solurLstlrpt i t ln,,puf,. , , , , , , .ucit i -buseri |ru| i t lns'
tntl udsrtrptiott i;;otht,rnt.s rere t'urrie$#fi. Fouricr Trunslnn*#i'ared IFTIR) unrl ,Y-Ru.t'Dilli'utrion
(.YRD) meusureneills rrcre ulso cr-tntlut:lcd lo utnfirnt ECC'lls results. g,'r*{

ECC,lls ro tha dutlgsglrtthe udxtrptitttt t'.rperintents und l:'flR ddtu#ei..\tlgges! !ltut dt lo$
('on('ciltrution.s the 9-AA.li.u'nt'iiuter-.sphere surJttc't'Lrntttlexes with plt- iepenTfEirl.r'clutrgerd .lOll sita.s rtrr

the t.lgt' rtl ntuttttttttrillr,uite through htdroge"n bonding, unLl xitlt pernlunent- n(,grrli l'c'{$#f4rlglrl.silc'.s t.\'-l
rttt thr'.tilictt-like.ltttffif tltc (lur ria rutiii ex(huilge mechunism.s. Arlsrtrptitn i.sotlrrms urt 

'i,' 
shupetl ut

pll 1.() und 's'agf4aped ut pll 6 0. At pll 6.{). esiteciall,v, the isothe:nns iutlit'ute u urrtperutir.,t'uds()t't)ti(,tl
met,|rnisnQ.'Ihecon(eitru| io| l . \r l | thenolecule!fC|.gdstrt le.: iutse"inq.eusingthe('() | l ( 'e|1|r(t ! iL|
night m,,dif"r. the t'lur tct ntuke binding ,timaiet:ules tt,ith the surfact: ntrtre litv>rul';le. .YRD dutd tiiggc.\t thut
.ton)tioil occur.\ ilot onlr ut e.rlt'rnul-Y- silgs bu! olso ai those in the inte'rlarcr .\puce.t.

KeyWOfdS : nttntntorillonite; 9-,lminoart'lCiue; .sttr.litce tc*tpletaiion mrxlel: a.rtcndt'tl ton.slan!

tuput i t *nce  mode l

1.Y-) sites and sites u'ith pH-depcndrut chatgei;
SOH. Thc interlayer re-eion has 

*&1ai{i'iif;:*..-*t

ncgati\ cl)' ch4rged sites rcsulting tionr
isomorphous sribstitution" rvhich ma)- bc

as aminopvridincs can. -l). lntclh,sor of c*tions
or urganic species into thc int!'rlaycr spEqr€*ra*l

compensated by hydi'*1e'd inferlayer cations

srtes or in the intcrlayer sp?eqof ni(.rntilorillonitc suspensions the rt'acc arL'a of thc

monrmoriiloni loo nrr  L I

titrations u.'erc conductcd on
ri l lonitc suspcnsions rr ' i thout. and nith.

I .  Introduct ion

lVloutmorillonitc crl,stals li*ve trl4)
dif lcrcnt regions n'hich havc bccn implicated in
adsorption. i) ,  l ) .  Thc cxtcrnal rcgior.ts i iaces p_lus
cdgcs) carl' both pemranent ncgativelv chargcd

clav rnrnerals l ikc montmori l lonitc is knoun trr
changc thc basal spacing of thc clays -1).

Adsorption of organrc rnolcculcs to
montmori l lonite can dccrcasc. 5). incrcasc. 4). or
lcavc  thc  basa l  spac ing  o f  thc  c lay 'unchang i , 'd .2 ) .
Thus dctermination of such changcs by XRD can
providc' qualitativc' infbrrlation rrn th!' tvpe of thr'
interaction bchtccn thc organic molcculc and
montmori l lonitc.

Thc intcraction of organic moleculcs and
surlacc ol clav minerals can also be rclcnti t ied bv

FTIR nreasurements. This rcsearch conrbincs
adsorption, FTIR spcctroscopic. XRD and surtacc

'cornplerat ion modcling invcstigations to dcducc
the nu-rde qi intcraction beht cen 9-AA and
nrcntmoril Ionite.

{{. Experirnental Methods
' i ' : : i r r t '  - " _ _ ' "

All sorption experiments u'crc conductcd
at a constant tcnrpcrature cf 30n"C in thcrmostatcd
resscls. The background electroll''te n'as 5 rn\4

adtied 100 pM 9-AA. lVlontmori l lonitc \ \ 'AS
cquil ibratcd in uatcr at i ts natural pH tbr ovcrnight
and thcn, i f  ncccssary. 9-AA nas addcd to gire'  a

f inal concenffat ion of 100 pM 9-AA. The pH of
thc system thcn u'as raiscd to about l( i .0 brr
add i t ion  o f  0 .100 M KOH.  and thc  suspens ions
\\'as titratcd back rvith 0. 100 M HNO, to about pH
4.0. Successive addit ions of HNO. u'ete madc
only af ier the pH dri f t  r . , 'as iess than 0.1 mV ntin I

nhich is usuallv rcachcd in J0 rnin.

5q.t
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Adsorption cdge cxpcrinlcnts Ineasurccl reactions arc givsn in Tablc l .  The f i t  ofthc nrodcl

rhe effect of pH on the adsorption 100 pM 9-AA to thc adsorption and titration data is sho.,rn in

ori  monfi lor i l lonitc. Monnrrori l lonite suspcnsions each ot ' thc Figures. Fig. 1 gives thc t i trat ion data

were pre-equilibratcd ovcrnight at their natural pH, for solution of 0.0 I M 9-AA an<J for suspcnsl()ns

and rhen thc pH incrcascd to l0 rrsing KOH. Aftcr containing 100 mr L I montmori l lo-nite n' i thout

l0 r l in an al iquot of 9-AA *as addcd giving a an<i u' i th 0. I  mlt4 9-AA.

total conccnhation of 100 urv-. Aticr a furthcr 30 Adsorption edges dcscribing the effect of

inin a 7 ml. sainplc rvas rransti'rreij into a pH on tlie uptake of 9-A-A by nrontntoriilonrte is

ccnrrifirgc tubc, and cappcd. Thc pH of thc stock shou'n by the data in Fig. 2. Adsorption of 9-AA

solut,on was decreased in steps, and turthr;.r 7 mL- uith init ial concenfl 'ation smailerthan (). I mf\' l  u'a-s

samplcs taken atier l0 min cquil ibratron at cach shrrng in lou'pH values (belou 6.5). As thr- pl{
pH. All thc sarnplcs \\ 'erc thcrl shakcn tbr' 2 d and incre ased the amount of adsorbcd 9-AA decrcascd.

coltductcd at pH 4.A and 6.t).  
. Ihc 

9-AA Adsorp;gr ' isr i f l terms at pH '1.0 and 6.0

conccntration $'ss incrcascel i&f$t1\ tionr I pM to arc shorvn in fi-q. I 
- A-!FH 4 0 the amortnl of

500 prNt bl,acidition of a stc,ii solution *[trsc pH aiJsorbecl 9-AA is higF*tlfrtil I pla{ear is rcachcd.

lrad hecn adjusted ro*pg"4.O or 6.0. A.fteJ each On thc other hand. at pH 6&*{e isothcnl data

atldit ion the i 'stcm ff .-qui l ibratccl t 'ur i  h, rr i th shon'non-I-angmuir ian behavior indicltrng grcatcr

the pH naintaffi b:- addition of K()lt or HNO-., amounts r-lf tirc 9-AA adsorbcd as the total 9-AA

ht' l 'orC a 7 nlL. iJi l lplc \ \a\ lrdnsttrrtd IU J, ior lCCntraft()n \ \as incr. ' l tscd.

ccntrifirge tebc, and cappcd. All the sarnples we{e
then shaken for 2 d. and thc pfl rcmeasr.rred betbre
thcr \ \ 'cre centr i l i rgcd. artr l  thc Eupcm3tant
solution analvzcd tirr 9-AA.

I l I .  Results and Discussions
A. Resnlts
l:TlR :1lssvz

In,tarcd sfcclnr indicirt t 's rhe lvai lahi l i t -v
,r l '  \H irnct ional gr()Ll l)s {)n t lrc strr ' l i rcc as sho\tx
by specif ic absorption of hctrrocvcl ic dngs at
l  rr  e nrrnrbcfs rr l '  aboul l  lc)0 and l( ' -10 crl  ' .  ' l 'hc

trbsorption of secondarl '  aminc at 11,36-5 cnf ' ,
C=N in l47g - i_i02.,1 cm'. and C-N sir€ql*ro*at.,.3.-*..
1 37 1 .3 cm ' are. afso obl'iorrs er'idcnccs of sorbed
9-AA on the sui{ace of nrontmorillonitc, but thc
adsorption docs nth"5Jrill absorprion bands,of SiO
in narc'numbcrs of 451oJ'94, an-d 1022 cnr- ' .

\,
YRD Diftiuctogrunr

l 'he r-axis spacing 1br
the abse-ricc of 9-i \A rvas l l . l l  A. and
in to  15 .07  A in  the  presencc  o1-  0 . ( ) l
(gnaphs arc not sho',vtr).

,1 d s rtr 1 tt it n,:x pa r i n en I.s tt nd m rxlei i t rg
Thc sLrrfirce cornple-ration urodcl rvas

dcr,clol^*d to detcrminc rcaction mcchanisms bv
considcring specn-r)scopic data arrcl by litting
adsorptitx c'dges. adsorption isotherms and
ii i rat ion data using a cornputcr sol l \ \ 'are GRFIT.
6). Thc nrode-l paranretcrs for thc adsorption

Table i. Surfacc contplcration trodsl par:iiilsiers ti)r

aclsorpt ior  of  9-AA h1'  mont lnor i l loni tc

Sitts Concentration

lmrr capacitance (F m') - l
( . lu tc rcapnc i tancc  rF  t t t  t )  :

nq"i f i f t . iutt t  .on.r"nt..  fngt, '  K. f , i is ire

_ pt_otsnal-ion inC igplSlln4liqq l!qq!g!t

SOI{ 
" 

tnnrol ttr

X- "/ nint,tl m l

l l  sOH + t f  -  soH.-
l?t St)tr?- SU - H

(l-) protonrrtion

0"0069
f l .O l  l l

2..100
-6.64{)

t ion

I  t l -

:  t . ( o H r
L is i
-9.)'7 |

N4 q-AA Equilibrium constants. logln ff.
_g4a S{Cr1p!ej!_!L!tnqti9!_,

6 r  [ X - K l ' . J L ' ] H :
[ (XLH)" - tLH.L) - ] -  +  K

7)  SOH *  lL  +  2H-  z -

[ (SoH)"-(LH-)]r- l r -

for

I 9.61-,-

I  t . 3 7 1
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0 0

-  |  l / 1 0 0  m '  L  m o n l m o r i l l o n i t e
wi thou l  and w i th  0  1  mN' l  9 -AA

primari ly r)nto cxternai si tes (SOH on the edgcs of
crvstals) based on lapid adsorptron and desorptron
rate. Signit icant role of crtcrnal SOH sites tbr thc
adsorption uas also shonn bv int iarcd spcctra
titxr r.r'hich adsorbcd -NH t'uncf ional groups

rdcntificd on the surtacc. but thc adsorption does
not shift the bands of adsorbcd species nreaning
that thc interaction involr,'es outcr-sphcrc complex
formation becausc the interaction involves rveak

chenrical bond. Strong chcmica! interactions with
srlrfaccs havc becn associatcd rr'ith significant

in tcmat ion: i l  Conf 'crence on \4athcmatrcs and Natural  Sciences ( lC\ ' lNS )
Ncrvenrbcr l9-30.  2006. Banduns- lndoncsia

shifis and changes in the- spc-ctra of thc sorbin-s
spccics. 8). Theretbrc. it nas not surprising that
adsorbe-d 9-AA can dcsorb fiom thc surfbcc of
nrontmoril lonite rapidlv. 9 )

'  '-{1.. 
.

il*:-Aii'

\
\ \\,

t .  T o t a i  a d s o r p t i o n

.  . b ' , . -
l ( s o H ) " - ( L H ' J  " 1 " \  \ .. \

'r
l ( x  L H J ' - l L H  L ) ' t '  . . '

I

p n  
. :

F ig.  2.  The ef lcct  of  pH on thc adsorpt i (>n o1'(  o)  0.  I

m\'l and ( ) I m\'1 9-A,{ bv niontmorillonitc. Thc

l incs are calculatcd using E( ' ( ' \ {s  u i th paramctcrs

l is ted in Table l

a  , / '
a

. ' = 2 . ' .

0 0  0 i  a 2  0 3  0 4  0 5

[ 9 - A A ] i m M ,

Fig.  3.  The ct fcct  of  9- .AA e()uce, t f fat i ( ) l t  { ) t t  lhe
adsorpt ion of  9- .A-{  b1- rnontmor i l l<)ni1! 'a l  ( . )pH - l

arr t l  (  )pH 6.0.  The l tnes arr :  thc hcst  f l t  calculatcd

br,  ICC\4s s i th paramcters g ivcn in Tablc l .

concentrat ion of 0.0I \4 t)-,AA can incrcasc t l tc

basal spacing of 1.84 A is oidcncc that signif icant
anlount of 9-AA are intcrcalated when thcir ini t ial
total concentrat ions arc high.

Sur/bt'e Complexatir>n Model to Sludt, .4dvtrnl rtrr

Process
ECCNIs rvas lirstly done to titration data

of singky and biary svstcms. thc modcl t i t  rcry
rlell 1o cxpcrimcntal data as reprcsentcd bv tlrc

- 2 4

2 0

0 . 0

1 0

1 0

a
E
o  6 0
p
a

<  e 0
o

: l

c  - J u

o
c
G

I

0  0 1  M  9 - A A  s o l u l i o n

1 0

p n

Fig.  ) .  .Acid-basc t i t rat i t )ns of  s inglr '  :urd binary

st 's tcms. Thc svnrhr, ls  are crper imontal  data:  (  )  ! ) -AA

solut ion onl l ' .  {  A )  rnontmor i l loni te suspcnsion only ' .
and (  \  )  nrontnror i l loni to r r  i th 9-A: \ .  Thc- l ines arc

calculr tet j  br '  [ ( ' ( - ' \1s r r . i th paramctcrs f rom Tlhle l .

B. Discussion
(j a t t er t t I Obsc rt'u I i on

the grL'atcr basal spaclng oi'
rnontnrori l lonitc drrc to the adsorption ot 0.Ot-M
9-AA slrou,s ihe importancc of cation r::(cl-iange
sitcs (X sitr:s) in inte'rlave r tfupge*.ofu
nrorrtnroril lonitc tff Bdsomtion of 9-AA. 1i ':- '

nrc\ i(ri ls irrr cstigatir.ru nn adsorption ol' 2-
anrinopvridinc bv'm-ontmr:riiloniie proposcd that
basal spacing of nronimgrillonite that adsorbcd l-
aminoprydi ne incrczrscd 0rgmatically because the
nrolecules arc arranged \," ' i th of the nng
approxir latelv pcrpendicular to I laver.
1). Hou'*cr. rhc adsorption r,,'o.'*'i.-6gipry*='*t'-

On the othcr harnd. thc f 'act thal thc

2 A  a - , -

o  1 8  !
O

o

r  1 2  ) , a

e  l t l  r
. q

g  o l . ,x - p- l

E  6 V  o l

; ,Lft.
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l ines in Fig. I  whose paramcters arc l isted in Tablc
l.  Thc paranrctcrs are then used as f ixed
paramcters tbr modcling adsorption cdges and
isothemrs datn rvhich also produced vcry uel l  f i t
(Figs. 2 and -t).

Thc uptakc of 0. I  nrM 9-AA b1,
montmorillonitc rvas strongly pH depcndant. and
slrongcst belorv the pK,, of 9-AA. suggesting that i t
is the 9-AA cation that adsorbs. The model
suggr'st the adsorption at lou'pH fbl lor l 's reaction:
SOH - l I-  + l l -{- :+ [(SOHf-(LH-)r]- lr-

The rcaction sussests that 9-44 c611at

ln te mat ional  Confcrence on \ ' la tbemat ics and Natural  Scicnccs { l ( ' \ ' lNS)
Ncrvember 29-10.  20t)6.  Bandunc- lndonesia

maybe a co-operativc sorption mechanism.
uhereby thc init iai sorption of 9-AA increases thc
probability of lurthcr 9-AA uptakc. Anolhcr
possibility is tht- lbrmation of aggregatcs or
clustcrs of 9-AA molecules in solution or at the
surt'acc. Whcn modclin-s this system ri'c fbuncl that
the sorption data could not be cxplained by simply
allou'ing fbr morc' sorption sitcs in the modcl. fhc
stoichiometry does support the hypothesis that 9-
AA srrrbs in clustcrs or layu'rs aI higher
cotlccntratlon.

tbrms outer-spherc complcx u'ith cxternal SOH ,r'-.f\.. COnClUSion
sites orr the e'dges ol nronbtlorillonitc throegJP* .d
hyclrogen interactions. Fig. 2 sholvs the fraction of 

'ts+' 
g-AA adsodrs montmorillonite by

9-A.A adsorbed liom total conc^ennar4tlnr$."l nrM fbrming ffidoutcr sphcre. complcxe.s rvith pI1-
and I mM arc about 9i9i'. Increasing dependently c\gafd sitcs through h_vdro-ac,n
conccntration ol'9-AA rcqrrlrgpgiore surtacc sitcs honding toilo$in! a ruact!x|:
ro adsorh.  that  \ \ i l l  rcsul r  i r r  dbt icasinc thc f ract ion SOf l  ,  l l  + :H :d l f lSr) l , l I ,_ tLH ) .  l i -
o1'9-AA that is able to adlprb. ln tact.,the-.Jlaction and *.ith pernlancnt ncgarircfu"g4|argcd sii..s both
of 9-AA docs not de&#; indicating fori iaiion of ori faces an.l int.rluu", regrons \, ra carr()1 cxchancc
9-AA clustersj&solution betbrc interacting the reilcti.oli:
surlhce . lsothcilns data at pH 4.0 also support the IX -K-.Io+ 3L + 2H- =-- |XLH),,-( l,] l .L)-l- - K-
assumption u,ith very high adsorptir'c crpacit5; o{
surt'acc l;itcs. Further e'videncc tbr this nrechsnisril
comes fLom vcrv rapid kinc'tic sorpfitll rsported V. RefefenCeS
prci iously. 9)

The speciation drau,n in Fig. 2 shows that l. J. Ikhsart, J.D. \\cl ls. B.B. Johnsr.rtt, tr!.J.

t(SOHf -i 'LH-).t-lt- conrplc-x cxisr predgminantly' Angcve, Colloids Surf. A. 252. -i l  {20051
at lou. pH antl rcsponsiblc lbr mrlrit tonl l. I'1. F. Brigatti. C. Lugli. S. ivlontorsi, L.
adsorptron of  9-AA. Poppi '  C ' la1 's  Cla l 'Mincr .  41 .661(1999).

S{o.Jcl also assumes an ion exchanee I J. [khsan. N'l.J. Angove. J.D. Wc-lls. ts.ts
intcraction w'ith negativc sifcs on rhc' clay at high Johnson, J. ('olloid [ntcrface Sci. J8'1, 38.1
pH r,alucs: (:{X}5)'

IX -K- lo + 3L + 2H- r -  [XLH]"- (LH.L) l -  1-K* 4-  A.H.  Gem"-ay,  A.S.  El -Shcrbiny '  A. ts .  Zaki .
ln the aboye reaction u,c ha'c. rynnenthe J. Colloid Intert 'ace Sci.24-5.116{1001)

cxchangcd ion us K- bcuausc rhc,re-lay rvls i. E. I\4ordlo. J.L. Pcruz-Rodrig"uuz. C.
potassium saruratcd. Cation crclr.,, lg.*Stl* 0"F-". ' t"- Mriqtrdda. Clar Mincr. 26,269 1la9 lt.
rnontmorillonitt:exist in silica shcets prcscnt on
outer f'aces of thcr".cla.v and in intcrlayer rcgions.
XRD data indicate i*tq-action of 9-AA also in thc

6. Lud*'ig, C., GktrIT - A Contputer Progntnt

.|itr Solving Speeiation Prghlems. Evu \uuIitttt
,, I E tl t t i I i br ium Con., t rp*is. (t t, tr' ( t I ! t'(t t i | | t t ( t t | ( |
O tlaer Physicdl P tprit e t c rs. Sn'itzerland.intc'r layer rcgi0ns oi

signi l i r :ant incrcasr'  in the

species becomes morc impoftant at hisher 9-AA
conccnn?tions.

-l 
he most interesting aspect of our

inr cstigation u,as the incrcased uptakc of 9-AA at
high pH as thc total concc'ntrat ion increased. This
is cicarly denronsfrated b,v the uprvard cun.aturc of
thc 9-AA adsorption isotherms at pH 6.0 tFig. - l ; .
Thcre is a number of possible explanatrons tbr this
bcha' ' ' ior.  First ly, thc number of acccssible
:jorption sites ma)' incrcase as the. q-AA

concenffat ion increases. Alternativelv. there

1. S. A(y115sif.-.{ki i is. J.F.D. Dar ics. J. ol '
Struc t ,  JR: - -1x-1 .  JQ 119941

B. B. Johnson. S. Sjoebcr_e. P. Persson.
Surfacc Comple'xation of Mell it ic Acid To
Coethite: An Attenuatcd Total Reflection
Fourier Transform Infiared Study. Langntrir,
20. 823 (2004).
J. lkhsan. E.Widjajajnti LFX, sunarto. M. P
Artianty. Penlaku Sorpsi 9-Aminoakidin
oleh Montnroril lonit. Prosiding Scnrinar
Nasional :  Penel i t ian.  Pendid ikan.  dan
Pcnerapan MIPA. Kimia FIVIIPA. UNY
Yogyakana, I Agustus 2006.
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