
Cycloamyloses (CD) are doughnut-shaped molecules,
formed from D(�)-glucose units linked in a cycle. The inte-
rior of the doughnut predominantly contains CH groups. It
provides, therefore, a relatively hydrophobic environment
into which nonpolar molecules can be trapped. This charac-
teristic allows CD to bind a variety of smaller guest mole-
cules, leading to academic studies and industrial applica-
tions. The academic studies include intermolecular interac-
tions, molecular recognition, chiral separations, and enzy-
matic catalysis models.1—3)

The structures of CD complexes are determined by X-ray
analysis,4,5) NMR,6) and circular dichroism.1,2) Despite these
intensive experimental studies, the characteristics of the CD
complexes with smaller molecules are only partially under-
stood at the atomic level. Computational techniques, such as
calculations by molecular mechanics, molecular dynamics,
molecular orbital method, and molecular surface areas, are
providing to be valuable tools for the isolations and under-
standing of the factors that determine the strength and geom-
etry of binding. In particular, molecular dynamics simula-
tions can predict molecular vibrations, rotation about confor-
mationally mobile bonds, and translations through space, al-
though these predictions have not yet been compared with
experiments.7,8)

The cavity of cyclohexaamylose (a-CD) has an inner di-
ameter of approximately 0.45 nm, as shown in Fig. 1. This
CD cavity, therefore, can accommodate surfactants very well.
Complex formation between surfactants and CD has been ex-
tensively investigated by electrochemical,9,10) surface chemi-
cal,11,12) NMR,13—18) crystallographic,19,20) and computational
methods.21—23) The solution structures of complexes of CD
with surfactants and related compounds are estimated from
ROESY spectra and chemical shifts and compared with 

molecular mechanics and molecular surface area calcula-
tions.6—8,14—17,21—24) Recently, on the basis of intensity data
of intermolecular ROESY cross-peaks, we determined rather
detailed solution structures of a-CD complexes with
propanol,24) hexyltrimethylammonium, octyltrimethylammo-
nium,16) and dodecyltrimethylammonium (DTAB) bro-
mides.17) It was suggested that an a-CD molecule complexed
with a surfactant molecule moves more extensively on the
alkyl chain, as the alkyl chain becomes longer.16,17) The effect
of protonation and chain length on complexation between a-
CD and a ,w-diaminoalkanes was investigated by NMR dif-
fusion measurements.15) To our knowledge, no molecular dy-
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Motions of an aa-cyclodextrin (aa-CD) molecule on a dodecyl chain adopting the all-trans conformation were
investigated in the presence of water by molecular dynamics simulations with CVFF force fields, where the
trimethylammonium group of dodecyltrimethylammonium bromide (DTAB) is protruded outside the secondary
hydroxyl rim of aa-CD (the secondary-in structure). The aa-CD molecule shuttled rapidly on the chain without de-
complexation. This rapid motion is consistent with the NMR data. The plane formed by 6 O4 atoms of aa-CD is
most populated between the C6 and C7 atoms of DTAB. This structure is very close to that estimated by NMR.
The aa-CD molecule underwent a restricted rotation in a range of 60° with regard to the plane of the dodecyl
chain: this plane at the most population is middle between the two diagonal lines of the normal hexagon formed
by 6 O4 atoms of aa-CD. The published NMR data were reanalyzed in terms of the rotation angle, and a slightly
better structure was obtained. The distortion of the aa-CD cavity from the normal hexagon was decreased upon
complex formation with DTAB. The deviation of the center of aa-CD from the center of the dodecyl chain pre-
dicted by molecular dynamics simulations is consistent with the NMR data. The secondary-in structure is ener-
getically more stable than the primary-in structure, as calculated by molecular mechanics with CVFF and
Amber force fields. This result is consistent with the NMR data. Molecular dynamics simulations were also car-
ried out for the primary-in structure. Some of the results are close to those of the secondary-in structure.
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Fig. 1. Chemical Structures of DTAB and a-CD and Labeling of Their
Proton Atoms

An a-CD molecule consists of six glucose units connected by six a-1—4 linkages.
Each glucose unit contains six carbon atoms (C1—C6) that are bonded to the protons
H1—H6 and the oxygen atom bonded to C4 is denoted by O4. In the NMR spectrum
the DTAB protons exhibited six discrete peaks: Hw, Hl-q, Hg-h, Hb, Ha, and HN.17)



namics simulation of the shuttling of a-CD on the alkyl
chain has been reported.7,8)

In the present research, we investigated molecular motions
of a-CD on the dodecyl chain of DTAB by molecular dy-
namics simulations under the conditions where no motions of
DTAB and all molecular motions of a-CD were presumed.
For the a-CD molecule, translational and rotational motions,
deformation of the macrocycle, and rattling motions around
the center of the dodecyl chain were analyzed. Some of these
predictions were compared with the published NMR data on
the DTAB–a-CD complex.17) In particular, the effective dis-
tance between intermolecular protons was calculated by tak-
ing into account the translational distribution of a-CD and
were compared with the observed ROE intensities.

Experimental
Molecular Dynamics Simulations25) Molecular dynamics simulations

of the 1 : 1 complex between DTAB and a-CD were carried out using Dis-
cover 3 Version 98 (Accelrys, Inc.) on a Silicon Graphics Octane worksta-
tion. The periodic boundary condition was applied on a 3�2�2-nm solid
cubic cell in which the complex was centered. The cell was soaked with 327
water molecules and contained total atoms of 1157. The potential types of
each atom were derived from the CVFF (Consistent Valence Force Field)
force field. The cut off distance for van der Waals and electrostatic forces
was 1.6 nm. The potential energy of the system was minimized. The initial
velocities of atoms were given by the Maxwell–Boltzmann distribution at
10 K. The equilibration of temperature at 298.2 K was attained out by molec-
ular dynamics simulations of every 1 fs during 5000 fs at 298.2 K. Tempera-
ture was maintained at 298.2 K by the direct velocity scaling method. The
equilibration of temperature and total energy was attained at ca. 1 ps. Then
molecular dynamics simulations were performed under a constant volume
and a constant density (the NVT ensemble). The dynamics simulations were
performed every 1 fs during 100 ps. The data trajectory was sampled every
100 fs: 1000 structures were subject to analysis.

Molecular dynamics simulations of a free a-CD molecule were also per-
formed to estimate the effect of DTAB under the above-mentioned condi-
tions.

Molecular Mechanics Calculations Molecular mechanics calculations
with CVFF and Amber force fields of Discover 3 (Version 98) were carried
out under the same conditions as the molecular dynamics simulations. The
most populated structure of the DTAB–a-CD complex obtained by molecu-
lar dynamics simulations was used as the initial structure and was energy-
optimized to determine the final structure.

Definition of Molecular Coordinates The molecular dynamics simula-
tions and molecular mechanics calculations were carried out on the basis of
the following assumptions. All carbon atoms of the dodecyl chain of DTAB
are in the trans arrangement. The DTAB molecule has no flexibility and no
motions, whereas the a-CD molecule has full flexibility and full motions.

In Fig. 2, all atoms of carbon and nitrogen of a DTAB molecule are shown
in points and the lines between these atoms display chemical bonds. The
shape of an a-CD molecule is a truncated cone with a cavity. All carbon
atoms of a-CD are shown as black balls. Six oxygen atoms (O4) at position
4 of the glucose unit are shown as pink balls and form a hexagon. The other
oxygen atoms are shown as red balls, respectively. All hydrogen atoms of
DTAB and a-CD are omitted for clarity. The Cartesian coordinates are de-
fined for the DTAB molecule. All C–C bonds of DTAB in the trans confor-
mation were fixed on the xy plane. The central line (y�0 and z�0) of the
long side of this plane was defined as the x-axis and the short side of this
plane was defined as the y-axis. The nitrogen atom was located at x�0,
y�0.049 nm, and z�0. The symmetry axis of a-CD was placed through the
x-axis. All atoms of a-CD were determined in the Cartesian coordinate sys-
tem as a function of time.

Two orientations of the 1 : 1 complex were considered: the terminal
methyl group of DTAB is incorporated from the wide secondary hydroxyl
side (secondary-in) or the narrow primary hydroxyl side (primary-in) of a-
CD. The results of the former orientation, shown in Fig. 2, will be reported,
unless specially stated.

Results
Translational Motion All atoms of a DTAB molecule

were fixed in all motions. All C–C bonds of DTAB were
fixed in the trans conformation on the xy plane. The x axis is
the central line of the long side of this plane. The positions of
carbon and oxygen atoms of DTAB are shown in Fig. 2,
where all hydrogen atoms are omitted for clarity. An a-CD
molecule can move on the xy plane with all degrees of free-
dom of motions. The center of the a-CD molecule can move
translationally along the x-axis. This translational motion of
a-CD was expressed by the position averaged over the x-co-
ordinates for 6 O4 atoms that are shown by pink balls in Fig.
2.

As shown in Fig. 3, the a-CD molecule rapidly shuttled on
the dodecyl chain of DTAB. The starting and returning posi-
tions depend irregularly on each shuttling motion. From
these data the probability (population) in which the average
O4 atom is present near one of the methylene carbon atoms
of DTAB was calculated, and is shown in Panel a of Fig. 4.
The average O4 atom has the maximum probability between
the carbon atoms of C6 (x�0.754 nm) and C7 (x�0.882 nm)
of DTAB.

Molecular dynamics simulations were also carried out for
the DTAB–a-CD complex for the primary-in structure. The
average O4 plane for this complex is shown as a function of
the position of the carbon atom of DTAB in Panel b of Fig. 4.
The average O4 atom has the maximum probability between
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Fig. 2. Definition of Cartesian Coordinates of a Secondary-in Complex
between DTAB and a-CD

The nitrogen atom of DTAB is located at x�0, y�0.049 nm, and z�0. The 12 carbon
atoms of the dodecyl chain in the trans conformation are fixed on the xy plane. All car-
bon and nitrogen atoms are shown as points and the chemical bonds among them are
shown as lines. All hydrogen atoms of DTAB are omitted for clarity. A flexible a-CD
molecule can move through the DTAB molecule. Six O4 atoms of a-CD form a hexa-
gon.

Fig. 3. Translational Motion of a-CD

The x-coordinate of the O4 plane of a-CD is shown every 100 fs.



the carbon atoms of C9 and C10 of DTAB.
Rotational Motion Six O4 atoms of the a-CD molecule

form a nearly normal hexagon. The angle between the xy-
plane and the plane vertical to this hexagon and passing
through the diagonal line of this hexagon was defined as q .
This rotational angle changed with elapsed time: the a-CD
molecule rotates around the x-axis. As shown in Fig. 5, the
a-CD molecule exhibited a rapid restricted rotation around
q�30°. The starting and returning angles depend irregularly
on each rotation. From these data the rotational-angle distri-
bution was calculated at intervals of 5°, and is shown as a
function of q in Fig. 6. The distribution is rather wide, cen-
tered at q�27.5°. Figure 7 shows the most probable structure
of the complex projected on the yz-plane. The most probable
angle was also q�27.5° for the primary-in complex (data not
shown).

Deformation of Macrocycle The macrocycle of a-CD
is significantly distorted in crystals of a-CD·6H2O.28) Three
successive O4 atoms for a normal hexagon form an angle of
120°, because most of the 6 O4 atoms are on a plane. The de-
viation, Df , from this angle was regarded as a measure of
deformation of the macrocycle. The root, Df av, of the aver-
age of (Df)2 over 6 angles per macrocycle was used as the
degree of deformation of the macrocycle. The distribution of
Df av in intervals of 0.5° was calculated in the presence and
absence of DTAB in water. As shown in Panel b of Fig. 8, the

most probable value of Df av in the absence of DTAB is 2.3°,
whereas it is decreased to 1.7° in the presence of DTAB
(Panel a). The Df av values for the primary-in complex (data
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Fig. 4. Distributions of the x-Coordinate of the O4 Plane in Cases Where
the Methyl Group Is Incorporated from (a) the Secondary Hydroxyl Side
and (b) the Primary Hydroxyl Side

The ordinate denotes the position of the carbon atom of a dodecyl chain.

Fig. 5. Rotational Angle of a-CD around the Dodecyl Chain Every 100 fs

Fig. 6. Distributions of Rotational Angles in Intervals of 5 Degrees

Fig. 7. The Most Probable Stick-and-Ball Structure (q�27.5°) of the
DTAB and a-CD Complex Projected on the yz Plane

Here, the carbon and oxygen atoms of a-CD are shown by closed and open circles,
respectively, DTAB is shown by two closed circles near the center, and the N-trimethyl
group of DTAB and all hydrogen atoms are omitted for clarity. The square shows the
most probable position (r�0.025 nm) of the center of a-CD. The three diagonal lines
between 6 O4 atoms are shown by dashed lines.

Fig. 8. Distributions of Distortion of a Hexagon Formed by 6 O4 Atoms
from the Normal Hexagon at Intervals of f�0.5° in (a) the Presence and (b)
Absence of DTAB



not shown) are the same as those for the secondary-in com-
plex.

Displacement between the Centers of aa-CD and DTAB
The central line of the carbon chain of DTAB is defined at
y�0 and z�0. The y and z coordinates at the center of a
hexagon formed by 6 O4 atoms were calculated, and then the
deviation r of this center from the center of the DTAB mole-
cule was calculated from (y2�z2)1/2. We can regard r as a
measure of rattling motion of a-CD around the center of the
carbon chain. The distribution of r is shown in Panel a of
Fig. 9. The most probable deviation is r�0.025 nm. Because
the area of a circle having a r value is proportional to 2pr in
the cylindrical polar coordinate system, the density of popu-
lation must be divided by 2pr . As shown in Panel b of Fig.
9, the density of population has a maximum at the center of
the dodecyl chain (y�0 and z�0), as expected. The dodecyl
chain is on the xy plane and the O4 plane is parallel to the yz
plane. Therefore, the distribution of r depended slightly on
the sign of y or z, as shown in Fig. 7. The distribution of the
r values for the primary-in complex (data not shown) is the
same as those for the secondary-in complex.

Comparison of Predicted Structures with NMR Data
Figure 10 shows five structures of the DTAB–a-CD com-
plex. Panels a and b in Fig. 10 are the most populated molec-
ular dynamics structures of the secondary-in and primary-in
complexes (Fig. 4). Further, these complexes were energy-
optimized by molecular mechanics with CVFF and Amber
force fields. The CVFF and Amber structures of the second-
ary-in complex are shown in Panels c and d of Fig. 10. As is
given in Table 1, the total potential energy for the secondary-
in complex is smaller than the primary-in complex for both
of the force fields. This is consistent with the NMR structure
(Panel e in Fig. 10). The largest contributions to the differ-
ence between the two structures for the CVFF and Amber
force fields are the electrostatic and van der Waals repulsive
energies, respectively. The characteristic structural parame-
ters for the five structures are given in Table 2.

The most probable structure of the 1 : 1 DTAB–a-CD
complex had been estimated from volumes (intensities) of in-

termolecular cross-peaks in the NMR ROESY spectrum.17)

This NMR structure was determined using the following
equation with the empirical parameters k and a:

ROE/nCDnDT�kdeff
�a (1)
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Fig. 9. (a) Radial Deviation of the Center of a-CD from the Center of the
Dodecyl Carbon Chain of DTAB and (b) Its Density

Fig. 10. The Most Populated Molecular Dynamics Structures for (a) the
Secondary-in Complex and (b) the Primary-in Complex, (c) the CVFF Mol-
ecular Mechanics Structure, (d) the Amber Molecular Mechanics Structure,
and (e) the NMR Structure for the Secondary-in Complex between DTAB
and a-CD

Table 1. Energies (kcal/mol) for the Secondary-in Complex (Structures c
and d in Fig. 10) and the Primary-in Complex Calculated by Molecular Me-
chanics with CVFF and Amber Force Fields

CVFF Amber
Energy

Secondary-in Primary-in Secondary-in Primary-in

Bond 142.5 142.5 132.1 135.5
Angle 137.2 138.3 73.4 71.9
Torsion 16.0 17.2 34.8 35.4
van der Waals 2206.2 2197.4 2042.8 2097.3

repulsive
van der Waals �1504.6 �1501.1 �1358.0 �1369.2

dispersive
Electrostatic �4864.1 �4839.0 �5684.0 �5713.7
Hydrogen-bond 0.0 0.0 �7.3 �5.9
Total potential �3866.9 �3844.7 �4766.2 �4748.7

Table 2. Comparison among the Most Populated Molecular Dynamics
Structure, the Average Molecular Dynamics Structure, and the Molecular
Mechanics Structures Calculated with CVFF and Amber Force Fields for the
Secondary-in Complex

x q Df av r
R

(nm) (degree) (degree) (nm)

Most populated 0.818 27.5 1.75 0.025 0.695
MD structure

Average MD —a) —a) —a) —a) 0.599
structure

CVFF structure 0.759 14.5 3.15 0.010 0.554
Amber structure 0.789 12.0 1.63 0.035 0.619
NMR structure 0.981 0 —a) 0.025 0.821

a) Not calculated, because of required long time and few merits.



Here, ROE stands for the ROE intensity for an intermolecu-
lar cross-peak and nCD and nDT denote the numbers of equiva-
lent protons for a-CD and DTAB that were assigned to this
cross-peak. The effective distance, deff, is defined as17,26,27):

(2)

Here, dCDiDTj
denotes the distance between proton CDi of a-

CD and proton DTj of DTAB. From Eqs. 1 and 2 we can ex-
pect that ROE/nCDnDT increases, as two protons become
closer to each other. We assumed that the best NMR struc-
ture has the largest correlation coefficient in Eq. 1.17)

In the ROESY spectrum of the 1 : 1 DTAB–a-CD com-
plex, DTAB had six discrete peaks (N-methyls, a-methylene,
b-methylene, g-h-methylenes, l-q-methylenes, and terminal
w-methyl) and a-CD had five discrete peaks (H1, H2,4, H3,
H5, H6). The protons Hg-h and Hl-q are bonded with the car-
bon atoms C3—C7 and C8—C11 of DTAB, respectively
(Fig. 1). Because the protons H3, H5, and H6 are located in-
side the a-CD cavity, they had larger cross-peaks than the
protons H1, H2, and H4 outside the cavity.17,18) The signals
of the protons H6S and H6R of a-CD were overlapped with
each other and were regarded as a single signal of the protons
H6. This signal (nCD�12) had three cross-peaks with the sig-
nals of the protons Hg-h (nDT�10), Hl-q (nDT�8), and Hw
(nDT�3) of DTAB. Each of the signals of H3 and H5 of a-
CD had cross-peaks with signals of Hb, Hg-h, Hl-q, and Hw of
DTAB. The effective distances between these intermolecular
protons were calculated for several structures of the DTAB
and a-CD complex and were plotted against the observed
ROE intensities in Fig. 11. First, the effective distances were
calculated on the basis of the most populated molecular dy-
namics structure of the secondary-in complex and are shown
by the open circles of Fig. 11. From the plots the best fit val-
ues of k and a in Eq. 1 and the correlation coefficient R were
evaluated. The R-value is given in Table 2.

However, it was found that an a-CD molecule shuttles on
the DTAB molecule. Then we must take into consideration
this translational motion to calculate the effective distances.
A time-average effective distance can be calculated from:

(3)

Here Pk denotes the population for a structure of the complex
and is shown in Panel a of Fig. 4. A correlation coefficient of
0.599 was obtained for this average molecular dynamics
structure. This is worse than the most populated structure
(Panel a of Fig. 10). The correlation coefficients for the
CVFF and Amber structures (Panels c and d of Fig. 10) were
also calculated and are given in Table 2.

The most important factor in these correlations is the posi-
tion x of the O4 plane. The effective distances at x�0.981 nm
were calculated as a function of the rotational angle q and
were plotted against the ROE intensities. The R-value
changed between 0.812 and 0.821 (data not shown). Thus, a
slightly better NMR structure of the DTAB–a-CD complex
was obtained. The radial deviation r was a more minor fac-
tor: the correlation coefficient for the structure at r�0.025
nm was better than that at r�0 by 0.002.

Discussion
To our knowledge, this is the first report on a molecular

dynamics study of surfactant–CD complexes. The DTAB–a-
CD complex is a good system to investigate shuttling by mo-
lecular dynamics. To simplify data analysis, we assumed that
DTAB is a rigid and fully extended molecule. This is a rea-
sonable assumption, because it is the most probable confor-
mation of a DTAB molecule. No decomplexation between
DTAB and a-CD occurred during our molecular dynamics
simulations: the binding constant for the DTAB and a-CD
system is infinite. The observed binding constant is 18200
M

�1, a large value.17)

The most important finding of the present research is that
the NMR structure of the 1 : 1 DTAB–a-CD complex is
rather close to the structures estimated by molecular mechan-
ics and dynamics calculations, in particular very close to the
most populated molecular dynamics structure (Fig. 10). In
Table 2 it is noted that the most populated molecular dynam-
ics structure (Panel a) is better than the molecular mechanics
structures (Panels c and d). The solution structure changes
with time. However, the NMR data provide only the time-av-
erage structure. Furthermore, the ROE intensity of a cross-
peak is influenced by a few factors other than the interproton
distance.17,18,26,27) Although the NOE intensity, instead of the
ROE intensity, can exclude these complicating factors, it is
small for molecules of middle size, such as cyclodextrins and
their complexes.18,26,27) In both theory and experiment, we as-
sumed that a DTAB molecule adopts the fully extended con-
formation. Account of other folded structures would yield
better structures of the DTAB–a-CD complex. Although we
employed the CVFF forcefield for molecular dynamics simu-
lations, other force fields may yield better predictions. Irre-
spective of these uncertainties, the present agreement be-
tween theory and experiment is satisfactory.

The correlation between the NMR ROE intensity and the
interproton distance for the 1 : 1 DTAB–a-CD complex is
worse than those of a-CD complexes with shorter surfac-
tants. This finding was interpreted as showing the shuttling
of a-CD.17) This interpretation was quantitatively confirmed
on the basis of the present molecular dynamics simulations.
The other NMR evidence for shuttling was based on the
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Fig. 11. Correlations between the Observed ROE Intensity and the Effec-
tive Interproton Distance of the Secondary Side-in Complex for the Most
Populated Molecular Dynamics Structure (Open Circles) and the Average
Molecular Dynamics Structure (Closed Circles)

The ROE data on the cross-peaks of the protons H3, H5, and H6 with the DTAB pro-
tons are taken from ref. 17, although those data on the protons H2 and H4 were omitted
therefrom.18)



chemical shift variations of DTAB protons in the a-CD cav-
ity.17) To confirm this suggestion quantitatively, we need the
numerical relation between the chemical shift variation and
the position of a proton for a non-shuttling surfactant. How-
ever, we could not find such a surfactant. Propanol and
propanesulfonate are good candidates, but these molecules
are too small to cover the entire region of the a-CD cavity.24)

The hexyl chain can cover this region, but it would shuttle
slightly inside the cavity.16) Therefore, we did not attempt to
analyze the chemical shift data of DTAB quantitatively.

It has been demonstrated by a scanning tunneling electron
microscopy, chemistry, and molecular dynamics simulations
that a-CD molecules shuttle on a polyethylene oxide
chain.29—32) The present molecular dynamics study predicts
that an a-CD molecule shuttles on a hydrocarbon chain.
Very recently, cyclodextrin-based interlocked molecules at-
tract strong research interests.31) The DTAB–a-CD complex
is an interlocked molecule called a pseudorotaxane. The
shuttling process in [2] rotaxanes was studied by molecular
dynamics simulations.33)

A molecular rotation of a-CD will be rather insensitive to
NMR data on the DTAB–a-CD system. A fast rotation gives
a spectrum averaged over different rotational angles. The
NMR spectrum of the DTAB–a-CD system at 298.2 K indi-
cates a rapid rotation.17) At lower temperature a slower rota-
tion will be observed by NMR. A slower molecular rotation
results in more nonequivalent signals in NMR spectra, so
that the speed of rotation may be determined.34) The correla-
tion between the observed ROESY intensity and the rota-
tional angle for the DTAB–a-CD complex had not yet been
investigated.17) In the present research we have determined a
slightly better structure at a rotational angle of 0° (Table 2).
This angle is close to q�3° for the propanesulfonate–a-CD
complex in crystals,35) although it is different from the values
(Table 2) predicted by molecular dynamics and molecular
mechanics. Because the chemical shifts of the a-CD protons
for the benzenesulfonate–a-CD system depend on the rota-
tional angle, we estimated a rotational angle of q�30°.36)

The displacement of a-CD from the center of the dodecyl
chain will be rather insensitive to NMR data on the
DTAB–a-CD system. A distortion of the a-CD macrocycle
in solution will be difficult to be detected by most experi-
mental measurements. In crystals the a-CD macrocycle is
significantly distorted,28) and complex formation decreases
this distortion.4,5,8,36) From vicinal spin–spin coupling con-
stants of b-CD protons, we had suggested a large deform-
ation of the b-CD macrocycle induced by diheptanoyl-
lecithin.23)

Although a great many of time-dependent data on the
DTAB–a-CD complex were obtained by the present simula-
tions, none of them were analyzed because of deficiency of
experimental data to be compared with. From NMR data, it
was suggested that a-CD on the DTAB molecule shuttles
fast on the 1H-NMR time scale.17) This finding is consistent
with the present simulations. Ultrafast guest dynamics in
cyclodextrin nanocavities was recently reviewed and may be
analyzed by molecular dynamics simulations.37)

Molecular dynamics simulations provide a starting place
for testing rationales and drawing new conclusions. Like any
other good experimental techniques, molecular modeling can
often raise more questions than it answers. A detailed and

through theoretical understanding at the molecular level may
lead to the rational design of cyclodextrin-based novel mate-
rials with tailored properties, such as media for chromatogra-
phy and useful catalysts for organic reactions. Because com-
putational chemistry can help rationalize experimental obser-
vation, provide information not amenable to experimentation,
and even make predictions concerning the outcome of future
experiments, it will become more widely accepted by experi-
mental scientists as a valuable adjunct to their experimental
studies.7,8)
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