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Inclusion Complex Formation of Methyl Orange and its Homologs with Cyclodextrins
Yasuji IHARA

Summary

The inclusion complex formation of methyl orange and its homologs having alkyl chain groups of different length

with a -, -, and y -cyclodextrins(CDs) in aqueous solution was investigated by spectrophotometric measurements at
different temperatures. From a continuous variation method, it was found that « - and 3-CDs formed 1:1 complexes,
but y -CD formed a 1:2 complex with dye molecules. The increases of the alkyl chain length in the dye molecules
increased the binding constant. The fitness of the dye to the cavity of CD was suggested to affect the binding constant.
Based on the temperature dependence of the binding constants at different temperatures, the entropy and enthalpy
changes were calculated for the complex formation and contribution of entropy to the process was discussed. Molecular
modeling studies were also performed in order to determine the preferred complex formation of cyclodextrins and dye

molecules.
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Figure 1 Plot of Adsorption Changes of MO, EO, BO,
%d HO on Complexation with a -CD at 25
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Figure 2 Continuous Variation Plot for Complex

Formation of BO with 3-CD and y -CD at
25°C.
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Table 1 Binding Constants of Inclusion Complex Formation of Methyl Orange
and its Homologes with Cyclodextrin in Aqueous Solution at 25 T*

a-CD(1a)” #-CD(1b)® ¥-CD0)®
MO(2a) 5780 2200 8060000
EO(2b) 7140 6060 -
BO(c) 12300 6410 85500000
HO(@2d) 3860 5880 2920000

2 At pH 7.0, 0.05 M phosphate buffer, ® Limol,  L¥mol®
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Table 2 Thermodynamic Quantities for Complex Formation

AH(k K) G
a-CD MO 4.02 -63.45 2294
€O 621 -65.38 2272
BO 4.02 -63.45 22.94
HO 8.89 -45.11 21.85
g-CD MO 3.00 -63.46 21.92
EO 3.15 -65.26 261
BO 1.44 -71.12 2285
HO 222 -67.82 2244
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Figure 3 Van't Hoff s Plot of Binding Constants for
Complex Formation.
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Figure 4 Entropy-enthalpy Compensation for Complex
Formation.
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Figure 5 Computer-generated Molecular Models of Four Complexes Detected for the Cyclodextrin and Dye
Defined Compound.
(1) « -CDf3aa), (2) a -CD/3a(b), (3) a -CD/3c(a), @) a -CD/3c(b)
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Table 3 Change in the E on the F

of Cyclod

in Inclusion Comp

P

(1) aCD/3a(a) (2) aCDBak) (3) aCDBc(a) (4) aCD/3c(b)

Total Energy -18.11 -22.85 -26.74 -20.60
Bond -0.19 -0.14 -0.09 -0.25
Angle -1.47 +0.07 -0.08 -3.03
Dihedral +7.44 +3.73 +2.93 +7.93
Vdw -24.59 -24.35 -29.16 -25.25
Stretch-bend +0.03 +0.03 +0.09 0.00
Electrostatic -0.35 -2.18 -0.42 -0.01

“Kcal/mol. Charge in the total energy [total energy of the inclusion compound
(Host-Guest)- (total energy of Guest)+(total energy of Hosy).
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