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ABSTRACT

The encapsulation of atrazine by B-cyclodextrin has been studied through
UV absorption enhancement measurements in aqueous solutions at 25C.
Thisstudy hasbeen carried out at pH= 0.7, 4, 5,9 and 11. Sincethe pKaof the
atrazine system is 1.68 at 25°C, the protonated (HA) of atrazine should be
present at pH lessthan 1.68. The association constants K of B-CD/atrazine
have been determined at different values of pH by using linear and nonlin-
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ear regression analysisof the experimental data.The K values obtained were
311 + 15; 254 + 15 and 150 + 15 at the pH 5; 7.3 and 9 respectively.
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INTRODUCTION

Cyclodextrinsarewell known as host molecules
with an apolar cavity inwhich different typesof guest
moleculescanbepartidly or totaly included, have been
employed intheinvestigation of photo-physical pro-
cesd, Aqueous solutions of cyclodextrinshavea so
been widely used to enhance theluminescence proper-
ties of different compoundg®.

Theintensfication of theluminescenceof guestin
CD cavity is aresult of the better protection from
guenching and other processes occurring in the bulk
solvent. The CD cavity facilitatestheinclusion of an
apolar and anon-hydrated molecules.

Themaximum absorbanceor fluorescenceintens-
tiesare obtained from amoleculewhichistotally en-
capsulated insdethe cavity.

Theobservation of steady-state Spectroscopic char-

acteristics can be used as an indication of complex-
ation. When thefluorescence or the absorption spectra
of afluorophorein an agueous environment changes
markedly on addition of cyclodextrinto the agueous
solution.A great number of referencesintheliteraturd®
16l use this change in the spectroscopic properties of
the guest encapsulated by the cyclodextrin (CD) to
study the binding process through the associ ation con-
stant K [CD/Guest], and in many of thesereferences
the Guest isan acid/base conjugated system(*-1¢, The
acid/base system is very dependent on the pH of the
bulk solution, sincethisparameter will ‘decide’ the be-
havior of the speciesto be encapsul ated by the CD.
Becauseof therdatively low pKavaueof theatra-
zine group (pKa 1.68) al of the N atoms should be
protonated in apH lessthan 1.68 whichindicatesthat
the N-terminalsof the guests should exist asNH,* at
pH 1.0. That isto say, in an acidic media (pH 2.0),


mailto:jrima@ul.edu.lb

2 Effect of pH on the encapsulation of the atrazine by B-cyclodextrin

MMAIJ, 6(1) June 2010

Full Paper e

TABLE 1: Composition of thesamplesused to study theeffect of pH on the UV absor ption spectraof atrazinein B-cyclodextrin

solutions

pH of the sampleto be measur ed 4 6.8 95
Volume of atrazine solution (10ppm) mL) prepared in the adequate buffer solution 5 5 5
Volumeof B-cyclodextrin solution 0.1mol/L (mL) prepared in the adequate buffer solution 5 5 5

TABLE 2: TheChangesof KawiththepH values

pH 5 7.3 9
Association constant Ka of 254 150
atrazine/ §-CD Mal™ SIEI0 g o

both host and Guest are positively charged, whichwill
inevitably lead to unfavorable electrostatic repulsions
between host and guest. Thisphenomenindicatesthat
the protonation effect can affectsthebinding ability of
B-cyclodextrinwith atrazing™.

inthiswork we studied the effect of pH starting
from pH= 0.7 to pH= 11, on theencapsul ation of atra-
zineintothecavity of B-cyclodextrin.

EXPERIMENTAL

Instruments

The UV absorption measurementswere performed
on aShimadzu UV- 1650 PC. with 10mm quartz cells
were used for spectrophotometric measurements.

ThepH vauesaremeasuredusngMETTLER TO-
LEDO pH-meter.

Reagents

B-cyclodextrin,hydrochloric acid, mono and
dihydrogeno phosphate were purchased from Sigma
Aldrich, and used asreceived. Atrazinewas purchased
from Rodel-dehein. Distilled water was used to pre-
pare agueous solutions of 3-cyclodextrin and atrazine
stock solutions.

Procedures
Prepar ation of theinclusion complex

Stock standard atrazinesolution wasfreshly prepared
by dissolving atrazine crystal sin di-ioni zed water. After
stirring for 10 minutes, the solution wasfiltered to re-
moveany undissolved arazinecrystds. Theresulting con-
centration of theatrazine stock solutionwas 10ppm (mg/
L). Stock solutionsof 3-CD, (0.01 mol.L ) werefreshly
preparedindidilledwater, and serid dilutionsweremade
fromthesestock solutions. Thedifferent inclusion com-
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plexeswere prepared by transferring an adequate vol -
umeof theatrazine standard solution into a10ml volu-
metric flask and completing with therequired 3-CD.
The solutionswerethen vigoroudly shakenfor 5 min-
utes before measurements.

Soichiometry of theinclusion complex

Thegoichiometry of [3-CD/atrazine] complex was
analyzed by the Scatchard and Benesi-Hildebrand
plotg*e19,

According to Scatchard’s method (Eq. (1)), we as-
sumethat 3-CD formsanindusioncomplex withatrazin
inal:1ratio. For such complex, aplot of (A-A)/[B-
CD] versus(A-A ) should giveastraight line.

(A -A 0 )
[B - CD] 0
whereA  isthe absorbanceintensity of atrazinein
the absence of 3-CD; Ax isthe absorbanceintensity
whenal guest molecul esareessentidly complexed with
B-CD; A is the observed absorbance at each 3-CD
concentrationtested; K istheassociation constant and
[CD], the B-CD concentration tested.

When aBenesi-Hildebrand plot of 1/(A-A ) ver-
sus 1/[B-CD] isconstructed (Eq. (2)), astraight lineis
obtained. Whentheplot of 1/(A-A ) versus 1/ [-CDJ?
isconsidered, adownward concave curvatureis ob-
tained, confirming that the stoi chiometry of the 3-CD/
atrazine] complexisnot 1:2.

1 1 o1
(A_Ao)_(Am_Ao)Kl[B_CD]o (Aoo_AO) (2)

=(Aoo_Ao)K1_(A_Ao)K1 (@)

Association constant of theinclusion complex

Oncethestoichiometry of the complex isknown,
the association constant can be cal cul ated by applying
the above described methods. According to thefirst
method, thed opeof thestraight linegivesthe associa-
tion congtant. Inthe Benes and Hildebrand’s method,
the association constant isdetermined by dividing the
intercept by thed ope of thestraight lineobtained inthe
doublereciprocal plot.
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Figurel: UV spectraof atrazineaqueoussolutions[5ppm] at
pH =4-6.8-9.5respectively fromtoptodown
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Figure3: Theplot of theabsor banceof at 223 n atrazine/ B-
CD at different pH valuesver suspH
Non-linear regress on method wasa so usedto con-

firmtheresultsobta ned with thetwo methods. Thenon
linear regress on method isdescribed inequation 3:

- K 1H OAI max

T @+K,Hy) ©)
where Al = (A-A,) isthe guest-induced absorbance
intensity, andisequa toA _=(A -A ) whenevery host
existsastheinclusioncomplex. A __ isobtained from
thedoublereciprocd plot (Eq. (1)). H, istheinitid con-
centration of host. The association constant (K,) was
estimated by fitting equation (3) to the obtained data

Solutions

Atrazinestandard solution (10ppm) wasprepared
by dissolving 0.001g of atrazinein 100mL of di-
ionized water

A freshly prepared 0.1 M of B-cyclodextrin was
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Figure2: Atrazine/beta cyclodextrin association constant
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used asstock solution. Thedilution wascarried out by
using an adequate phosphate buffer. The pH of the
sampleswere checked before each measurement. The
samples used to study the effect of pH onthe UV spec-
traof atrazine dissolved in agueous sol utionswere pre-
pared according to the composition described in the
TABLE 1.

Thesolutionsused to built thelinear and nonlinear
regression wereprepared asfollow:

3mL B-cyclodextrin of atrazine solution (10ppm)
were transferred into glass tubes of 20mL. Thevol-
umesof 3-cyclodextrin (0.01M) solutionswhich aso
transferred into thetubeswererespectively [0, 0.5, 1,
15,2, 2.5, 3and 4mL]. An adequate buffer solutions
were added to the mixturein order to reach thetotal
volumeof 10mL. After shaking UV absorption spectra
wererecorded for the samples.
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RESULTSAND DISCUSSION

Effect of pH ontheUV absorption spectraof atra-
zine/B-cyclodextrin

Ultraviolet (UV)-visible spectraof atrazinein aque-
ous 3-cyclodextrin solutions at different pH were ob-
tained scanning the wavel engths between 200 and
400nm with aShimadzu UV- 1650 PC (Kyoto, Japan)
UV-visible spectrophotometer. M easurements were
performed just after preparation and shaking the
samples Atrazinehasan absorption maximumat 223nm.

TheUV-visblespectraof atrazine,at thesame con-
centration, changewith the pH values. It hasbeen ob-
served, asshown inthefigure 1, that the absorbance
intensity decreaseswithincreasing of pH starting from
4toreach 9.5.

Determination of the association constant (atra-
zine/B-CD) at different pH values

UV/VIS spectrawere obtained for atrazineand [3-
CD complex inbuffered aqueous solutionsat pH 4, 6,
8and 9, 5 respectively as mentioned above. For each
va uespH wefixed the concentration of atrazine (5ppm)
and the concentrations of 3-cycl odextrin werechanged
from (1x1073) to (4x10° M) The absorptionintensity
of atrazineincreased as the concentrations of 3-CD
increased. The significant changesthat were observed
suggest aninteraction between 3-CD and atrazine, with
preferentia inclusion of atrazinemoleculesinto thenon-
polar CD cavity.

The cal cul ation based on the Benesi-Hilderbrand
and scatchard’s methods, showed that atrazine forms a
1:1inclusion complex with 3-CD and the association
constant wasestimatedtobe 254 L.mol*+10 at pH=
7.3asshowninfigure2.

Effect of pH on theinclusion of atrazineinto B-
CD cavities

Effect of pH on the constant association

The association constants of atrazine/beta-
cyclodextrin were measured for the same concentra-
tion of atrazine[5Sppm] with changing the concentration
of beta-cyclodextrinfrom (1x10?) to (4x10°3M).It has
been observed that the val ue of association constant
decreaseswith theincreasing of thepH val ues.
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Effect of pH on theabsorbanceintensities

UV absorption spectrawere registered for atra-
zinesolutionsat (3ppm) in different buffer solutions
starting from pH = 2.5 to pH = 10. It has been ob-
served that the absorbance decreased 1.7 timewhen
the pH increased from 2.5to 10.

Protonation effect

Theevolution of UV absorbance spectraof atra-
zine (3ppm) in aqueous sol utions at the range of pH
between 0.7 and 10 has been studied. A comparison
was carried out between the atrazine sol utionswith 3-
CD (0.01 M) and without B-CD.

Asshowninfigure4, sgnificant changeswereob-
served between pH 5 sand 7 whileat low and at high
pH no important changes wereidentified because of
therdatively low pKavalueof theatrazine(pKa), dl of
theN atomsshould be protonated at pH 0.7-1.68 which
indicatesthat theN-terminas appear asNH.* that isto
say, inanacidicmedia(pH 0.7), both host and atrazine
arepositively charged, whichwill inevitably lead to un-
favorable el ectrostati c repul sions between host and
guest. However the presence of beta-cyclodextrin of -
fer apartialy advantagesto the solubility when the beta-
cyclodextrinwasadded to the solution and thenasmall
increas ngin the absorbancewas detected withthe pres-
enceof cyclodextrinasshowninfigure4.

At pH morethan 1.68 it seemsthat the protonation
of the cavity disappeared and theinclusion of atrazine
becomes significantly important due the hydrophobic
characterigticsof cyclodextrin. Theexperimenta results
showed that the constant association of atrazine/
cyclodextrin decrease with theincrease of pH which
can be explained by the decreasing of hydrophobic
characterigtics of the cyclodextrin cavity at high pH.

CONCLUSION

Theencapsulation of atrazineinsidethe cavity of
beta-cyclodextrin was studied in function of pH. It has
been demonstrated that the pH values affect dramati-
caly theassociation constant. At pH=0.7 an important
repulsion between the atrazine and the cavity of
cyclodextrionwhichwas observed by thesmall changes
of the atrazine absorbance. At pH morethan 1.68 the
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hydrophobicity characteristicsof cyclodextrin became
important and then the associ ation constant reached the
maximum a pH=5 (311mol*). At pH morethan 7 the
hydrophobicity decreased dightly to the reach the con-
stant association 254mol and at high pH the associa-
tion constant became 150moal%. Theresultsobtainedin
thiswork present an important applicationsinthefield
of theremoval herbicidesfrom the contaminated soil
and water or in the pharmaceutica field by controlling
thedrugsreleasing.
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