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Abstract: The validity of the compensation between the enthalpies and entropies obtained from
the calorimetric methods was statistically examined for the first time based on computer
simulations. It turned out that the several claimed enthalpy-entropy compensations in literature
based upon the calorimetric measurements were statistically correct. Interestingly, a linear
relationship between the slopes and correlation coefficients of the TAS-AH plots of different
supramolecular systems was found, which indicated that the solvent reorganization was the
physical origin of the compensation behavior.
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The widely observed enthalpy-entropy compensation in chemistry and biophysics is still
in a state of great confusion, because the reported enthalpy-entropy correlations in
literature were often found to be false’®. This problem has promoted Exner®. Krug®,
Linert®, and others to develop some statistical methods to examine the compensation
between the enthalpies and entropies obtained from the indirect van’t Hoff method.
However, as pointed out by Connors in a recent review’, it remains untouched whether or
not the compensation was true between the enthalpies and entropies obtained from the
direct calorimetric methods, which have been extensively documented recently
especially in the field of molecular recognition®”®.

In the present study, a statistical examination was performed for the first time on
the compensation between the enthalpies and entropies obtained from calorimetric
methods. Five typical supramolecular systems were addressed, i.e. cyclodextrins, crown
ethers, glymes, cryptands, and antibiotics.

Methods

The experimental enthalpies and entropies were taken from ref 10-12. Reasonably, the
relative error of the experimental enthalpy (AH.,) Was chosen as 15%. For simplicity,
the possibility that the true enthalpy (AHe) equaled to any number within the range
(AHeqp % (1-15%), AHep x (1+15%)) was supposed to be the same. Under this
assumption, the true enthalpy of every host-guest complex was generated automatically
by the computer. The same data-processing method was applied to the generation of
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ASy,e Of every complex. After all the true enthalpies and entropies were generated, the
standard linear regression was performed between the true enthalpies and entropies
according to the equation TAS = B + A x AH, from which the regression parameters,
including the slope, intercept, and correlation coefficient, were obtained.

The above procedure was repeated 100,000 times by the computer. After the one
million rounds, the average slope (A), intercept (B), and correlation coefficient (R) of the
TAS-AH plot were obtained. Their standard deviations, i.e. 8A, 8B, and oR, were also
calculated.

Results and Discussion

Table 1 summarized the average slope (A), intercept (B), correlation coefficient (R), and
their standard deviations 0A, dB and oR of the TAS-AH plots for the several typical host-
guest systems. Since in every system the number of data points was sufficiently large
(sometimes as many as near one thousand) and one million rounds of simulation were
performed, the calculated regression parameters should be accurate enough.

Table 1 The average slope A, average intercept B, average correlation coefficient R,
and their standard deviations A, B, and R, of the TAS-AH plots.

System A 0A B 6B R OR Note
a-Cyclodextrin 0.815 0.015 8.10 0.25 0.897 0.005 a
0.79 - 8 - 0.90 - b
-Cyclodextrin 0.772 0.013 10.86 0.18 0.855 0.005 a
0.80 - 11 - 0.89 - b
y-Cyclodextrin 0.923 0.032 14.70 0.50 0.884 0.012 a
0.97 - 15 - 0.93 - b
Modified cyclodextrin ~ 0.981 0.020 17.01 0.40 0.978 0.002 a
0.99 - 17 - 0.99 - b
Crown ether 0.740 0.017 2.26 0.09 0.854 0.007 a
0.76 - 24 - - - b
Glyme/podand 0.828 0.057 2.02 0.42 0.897 0.023 a
0.86 - 2.3 - - - b
Cryptand 0.495 0.025 3.93 0.18 0.694 0.020 a
0.51 - 4.0 - - - b
Antibiotic 0.936 0.067 5.46 0.34 0.897 0.019 a
0.95 - 5.6 - - - b

a: values from this study. b: values from the literature

From Table 1, it could be seen that the average values of the regression parameters
obtained in the present study were similar to those reported in the literature'®2. It
indicated that the experimental errors did not significantly affect the validity of enthalpy-
entropy compensation. The fair-to-excellent correlation coefficients, which were
obtained from a statistical method, convincingly confirmed that the compensation was a
fact rather than an artifact in molecular recognition. This conclusion was important; for
it was the first time that the validity of the compensation between the enthalpies and
entropies from calorimetric measurements was verified statistically.  Also, the
observation of the compensation in substantially different host-guest systems indicated
that the compensation was not a coincidence but a real extra-thermodynamic relationship,
which hence should have its own physical origin.
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However, from Table 1 it could be seen that the standard deviations of the
regression parameters were nontrivial. Sometimes, e.g. in the glyme/podand and
antibiotic systems, the deviations in the slopes were so great that the ranges of these
regression parameters actually overlapped with each other. Thus, to be cautious was
advisable in comparing the parameters of different compensation plots.

Interestingly, it could be seen from Table 1 that the higher the slope, the higher the
correlation coefficient of the TAS-AH plot. This trend could also be revealed by the plot
of A vs. R, which was basically a straight line. (See Figure 1)

Figure 1 The plot of the average slope A vs. the average correlation coefficient R
of the TAS-AH plots of several host-guest systems.
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The reason for the above correlation might be the different extents of solvent
reorganization and different magnitudes of solvent-solute interaction in different host-
guest complexation processes. As demonstrated in recent studies™* the solvent
reorganization involved in the molecular recognition was a compensating process, whose
enthalpy and entropy exactly offset each other. However, the solvent-solute interaction
for the host as well as the guest molecules was not a compensating one, and a larger
solvent-solute interaction usually led to a worse overall enthalpy-entropy compensation.
Herein, it was obvious that the extent of solvent reorganization should be in the order of
crown ethers = cryptand < cyclodextrins = glyme < antibiotics, because the size of the
host molecules increased in the same order. However, the solvent-solute interaction
should favor crown ether and cryptand rather than cyclodextrins and antibiotics, because
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in the former systems the guest compounds were usually charged species. Thus, the
extent and significance of the compensation, individually reflected by the slope and the
correlation coefficient of the TAS-AH plot, increased in the order of crown ethers =
cryptand < cyclodextrins = glyme < antibiotics.

Conclusions

The compensation between the enthalpies and entropies obtained from the calorimetric
measurements was for the first time examined based on a statistical method. Two pieces
of valuable information could be generated from the study, i.e.

1. The compensation between the enthalpies and entropies obtained from
calorimetric methods was statistically correct for the several reported cases in the field of
molecular recognition. Thus, it seemed that it should be more important to investigate
the physical origin of the compensation effect than to debate whether or not the
compensation was true.

2. There was a monotonic relationship between the slopes and correlation
coefficients of the TAS-AH plots of different host-guest systems. It indicated that solvent
reorganization was the physical origin of the above observed compensation effects.
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