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Complex Formation of Large-ring Cyclodextrins with lodine in
Agueous Solution as Revealed by Isothermal Titration Calorimetry

Shinichi Kitamura and Kazuya Nakatani

(Received January 25, 2001; Accepted February 4, 2001)

Complex formation of large-ring cyclodextrins (CDs) having DP21-32 with iodine in agueous
K1 solution was studied by isothermal titration calorimetry (ITC). When the individual CD is
shown, the term CD, is used, where n represents the degree of polymerization. For CDs in the
DP range of 21-32, the curves obtained for the titration of the CDs with iodine can be analyzed
by a model assuming 1:2 complex formation with identical interacting sites. For the case of
two identical interacting sites, the binding constants K, and K> (K10 K3), defined relative to the
progress of saturation, lie in the range 0.7 to 7.3x 103M! and 3.0 to 62.6x 103 M01, respectively.
The values of AH; and TAS; lie in the range 0 34.9 to 0 136.4 kdmol°! and 0O 15.5 to 0O 112.8
kJmolot, respectively. The largest values for 0 TAS; obtained for a CD can, in part, be attributed
to alarge decrease in conformational flexibility of the CD which occurs during complex formation.
Based on ITC data, conformational changes in CDy which are induced as the results of the
formation of a CD-iodine inclusion complex are discussed in terms of the recently reported crystal
structure of CDgs.
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Fig.2 Experimental data for titrations of 10 uL aliquots
of 4.78 mM I, containing 200 mM K1 into a 0.609
mM aqueous solution of CDg containing 200 mM
K1 solution at 20 0 .4 25 Injections of the iodine
solution were made at 4.5 min intervals. (b): data
points obtained by integration of the injection
peaks, and the titration curve (solid line) obtained
by fitting the data points.
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Fig.3 Experimental data for titrations 7 uL aliquots
of 5.38 mM I, containing 200 MM KI into a
0.0492 mM aqueous solution of CD2s containing
200 mM KI solution at 20 0.4 35 Injections of
the iodine solution were made at 4.5 min intervals.
(b): data points obtained by integration of the
injection peaks, and the titration curve (solid
line) obtained by fitting the data points.
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Fig.4 Experimental data for titrations 7 pL aliquots
of 5.38mM I, containing 200 mM K1 into a 0.030
mM aqueous solution of CDiy containing 200
mM KI solution at 20 0. 35 Injections of the
iodine solution were made at 4.5 min intervals.
(b): data points obtained by integration of the
injection peaks, and the titration curve (solid

line) obtained by fitting the data points.

Table 1 Thermodynamic parameters obtained for CDg andCD- with iodine systems.

cD K AH AG TAS

n mMot kJ molot kJ molot kJ molot
CDs 1.02+ 0.012 145+ 2.00 028.2+ 0.04 029.0+ 0.03 0.80+ 0.01
CDy 1.04+ 0.05 1.70+ 0.10 0 15.0+ 1.09 018.1+ 0.20 3.10+ 0.80

a The error is the estimated uncertainty of each value.
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Fig.5 DP dependences of Ki(m) and Ky(e ) at 200
for CD21.32.
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Fig.6 DP dependence of AGy(a ), AHz(m ) and
] TASz(-) at 20 O for CD1.3o.
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Fig.7 Solution(a)28 and crystal (b)? structures of CDas.
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