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ABSTRACT 

A caloriitletric study is reported on the interaction between hexacycloaavlose 
( a-cyclodextrinl and simple non electrolytes in water. The results show that 

compounds bearing normal or moderately branched alkyl chains undergo an inclu- 
sion process. The mixtures of hexacycloamylose with hydrophilic or highly bran- 
ched hydrophobic cosolutes can be treated on the basis of McMillan Mayer theory 
of solutions. 

INTKODUCTION 

Thecomplexes betweencyclodextrins and "guest" moleculesconstituteafamily of 

inclusion compounswidely studied. However, the hypotheses concerning the nature 

of the binding forces involved in these interactions are to be partially veri- 

fied. For these reasons, we are carring on a calorimetric study on the interac- 

tions between a-cyclodextrin (hexacycloamylose, a-CD1 and simple non electroly- 

tes of different nature (alchols, urea and urea derivatives, sugars etc....). 

Calorimetric studies in principle can offer the possibility of determining both 

the enthalpy of "binding" and the equilibrium constant of the inclusion complex, 

given that the interaction is sufficiently strong and/or a plausible model of 

the binding is available. Generally the enthalpy data determined by calorimetry 

are much more reliable than those determined by temperature derivatives of the 

free energies and activities or of the equilibrium constants measured spectro- 

scopically or by other methods. If, as usually occurs for the cyclodextrines, 

the stoichiometry of the inclusion compound is very simple, a reliable binding 

constant can be also determined. Gibbs free energies and entropies then are de- 

rived by very simple thermodynamic relations. However, if the interaction is ve 

ry weak, the information given by calorimetry allow only to describe the soluti - 

ons in terms of excess enthalpy. In this case the Kauzmann (ref.11 and Friedman 

(ref.21 extension of the McMillan Mayer theory of solution (ref.31 is more ap- 

propriate to get an insight into the weak, non bonding molecular interactions 

that probably occur in these mixtures. 
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INCLUSION COMPOUND FORMATION 

The binding enthalpy, per mole of a-cyclodextrin A H(bin), can be obtained 

from the experimental heats of mixing and dilution,of binary aqueous solutions 

of C&D and the ligand L. The values of AH(bin) are proportional to the amounts 

of formed complex. Keeping constant the initial cycloamylose conentration [aCDl 

and assuming a 1:l stoichiometry the following linear relationships can be de- 

duced (ref.41: 

I/ A H(bin) = l/ AH(max) + l/ AH(maxl KA 

and 

[Ll = [I_1 - [aCDlAH(bin)/ AH(max1 

PI (11 

(2) 

where KA is the association equilibrium constant, AH(max) the saturation value 

for AH(bin) and [L,] and [Ll the initial and residual concentrations of the 

ligand. By iterative least square treatment of Eqs. (1) and (2) a convergence 

value of KA can be evaluated and then the molar free energy, AGA, enthalpy, AHA, 

and entropy, dSA. (This procedure is not thermodynamically rigorous, as the ac- 

tivity coefficients are neglected). In table I the values of the parameters 

found for the interactions between aCD and a series of alkanols at 298.15 K are 

given. The binding constant increases at increasing alkyl chain length anddecr- 

eases with the degree of branching. For tert-BuOH the preceding approach can- 

not be applied and this fact suggests that the cavity of aCD is too small for 

accommodating this bulky alkyl group. It is also interesting that AH~ increases 

about linearly with the number of aliphatic carbon atoms. The entropic driving 

force seems to decrease at increasing lengthand branching of alkyl chains. 

WEAK NON BONDING INTERACTIONS 

For mixtures of simple non electrolytes in water (or other solvents) the ex- 

cess enthalpies can be represented by a power expansion series of molalities ac - 

cording to the Friedman notation (ref.2): 

HE = hxxmE t 2hxymxmy + hyym; + hxxxmz + 3h 
2 

mm + . . . . . . 
xxY x Y 

(3) 

The h coefficients have a statistical mechanical significance, as they are the 
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TABLE 1 
Values of the thermodynamic parameters for the association of some alkanols 

with hexacycloamilose in water at 298.15 K. 

System KA -1 

-AG 
A 

-AH 

kJ mol-' 
A 

TAS 

1 mo! kJ mol-' 
A-l 

kJ mol 

"CD - EtOH 6.7 4.7 2.5 2.2 
OCD - nPrOH 27.0 8.1 6.1 2.0 
aCD - nBuOH 99.9 11.4 9.9 1.5 
aCD - secBuOH 28.7 8.3 9.0 -0.7 
CICD - isoBuOH 21.9 7.6 9.4 -1.8 

TABLE 2 

Values of the virial enthalpy coefficients and their 95% confidence limits for 
aqueous solutions of hexacycloamylose and non bonding cosolutes at 298.15 K. 

X Y h h h 
xx YY xY 

J mol-' kg 

"CD - tertBuOH -3917164) 656(33) 2167(104) 
aCD - urea I, -350( 3) -6872(196) 
aCD - methylurea ,I - 85( 2) -1545( 30) 
aCD - D-xylose II 332( 9) - 246( 13) 
QCD - L-xylose II 336( 5) - 250( 10) 

enthalpic part of the free energy virial coefficients that are a measure of 

the interaction between pairs, triplets and higher numbers of solute particles. 

However they include also the changes in the solute-solvent and solvent-solvent 

interactions respect to the infinitely dilute standard state (refs.5-9). Often 

these changes can be more remarkable than the solute-solute interactions. 

In Table 2 the coefficients characterizing the aqueous solutions of uCD and 

tert-BuOH, urea, methylurea and some sugars, respectively, are given. For tert- 

BuOH the cross coefficient h show an unfavorable contribution to the interac- 
xY 

tion with the aCD. For the polar compounds the favourable contribution is very 
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low and/or attributable to processes different from inclusion and concerning 

the relative stability of hydration shell of aCD, urea and other solutes. 
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