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1 Molecular systems

The homogeneous system is composed by one B-cyclodextrin and one ferrocenemethanol in a 3000 water molecules aqueous
phase. The solubility of Fc being low in aqueous solution, the simulations were performed using ferrocenemethanol. The
heterogeneous system consists of a per-6-thio-B-cyclodextrin grafted on a five layers of Au(111) surface through 7 grafted points
(one on each glycosidic unit). The grafted points on the surface were selected so that the angle between the carbon, sulfur and
gold atoms was the closest to the equilibrium angle value used in the forcefield. The gold surface is composed of layers of 13x16
fce lattice, so that the dimensions of the simulation box along the x and y axes are 37.4 A and 39.9 A, respectively. As the system
is non-periodic along the direction normal to the surface (z-axis), the simulation cell is closed by an additional gold layer. The
separation distance between the two surfaces was fixed to 46.8 A which is large enough for the water molecules to recover a bulk
behavior in the middle of the cell. The simulation box is then elongated along the z-direction with empty spaces, up to 280 A, in
order to apply a three dimensional scheme for the calculation of the electrostatic interactions 2. In order to satisfy an accurate
bulk density for water, the space between the two surfaces is filled by 2000 water molecules.

2 Interaction model

The intramolecular and intermolecular interactions were described by the CHARMM forcefield3>. The Au parameters were
taken from the work of Ayappa and coworkers®. The ferrocene part was modeled by the parameters described by de Hatten
et al®. The water molecules were represented by the TIP4P/2005 model’. The partial charges of the B-cyclodextrin were
calculated from the density functional theory (DFT) 89 (B3LYP) 91! with effective core potential (SD-DALL) Gaussian basis
using the Gaussian 03 package !> and the CHELPG '3 procedure as a grid-based method. The repulsion-dispersion interactions
were described using the Lennard-Jones (LJ) potential. The LJ potential parameters between unlike atoms were calculated with
Lorentz-Berthelot mixing rules. The electrostatic interactions were calculated with the three dimensional Smooth Particle Mesh
Ewald (SPME) method '.

3 Simulation details

MD simulations were run in the constant-NPT statistical ensemble using Hoover thermostat and barostat '>® with relaxation
times of 1 ps and 5 ps, respectively. The equations of motion were integrated using the Verlet leapfrog algorithm scheme at
T=298 K and P=1 atm with a timestep equal to 2 fs. The C-H covalent bonds were kept of fixed length by using the SHAKE
algorithm '7. The cutoff radius for the Lennard-Jones interactions and for the real part of the electrostatic interactions was chosen
to 16 A. The convergence parameter for the SPME summation was fixed to 0.1960 A~!. The reciprocal space for the SPME
method was developed on a number of k-vectors equals to 8, 8 and 64, along x-, y- and z-direction, respectively. With these
parameters the calculation of the electrostatic interactions satisfies a relative error of 10~°. Simulations were performed using
the parallel version of the modified DL_POLY_MD package '® using up to 12 processors at a time. The potential of mean force
(PMF) was calculated by the Thermodynamic Integration method. The perturbed quantity was the distance between the centers
of mass of the CD and Fc molecules. The distance between the two molecules was constrained with the SHAKE algorithm. One
simulation was performed each 0.05 A and each typical simulation run of the system consisted of an equilibrium period of 200
ps and a production phase of 400 ps. For example in the free CD system, the simulation time to get the total PMF curve is 162.6
ns which would represent 6.2 CPU years on a single processor.

4 Thermodynamic properties

The thermodynamic quantities were obtained by integrating the PMF profile along the separation distance between CD and
Fc!%20 considering a cylindrical approach?!:?2, Indeed, when the Fc enter into the CD cavity, the Fc accessible volume is
restrained to a small cylinder defined by the area available for its in-plane movement (perpendicular to the CD axis). The mean
radius of that cylinder was evaluated from the trajectory of the center of mass of the Fc at each CD-Fc separation distance. For
the surface-confined CD case, the potential of mean force was integrated from the largest separation distance (for which there is
no interaction between the two molecules) to that for which the repulsion is maximum. As concerns free CD, the integration was
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calculated from each side of the PMF curve (where CD and Fc have no interaction) to the central maximum (separation distance
of 0.4 A) and the thermodynamic properties were averaged over these two reaction pathways.

5 Structural parameters

We have calculated structural parameters for Fc and CD before and after the association in both homogeneous and heterogeneous
systems. Since Fc has few internal degrees of freedom, its contribution to the entropy change is only related to its global motion
of translation and rotation. To investigate this parameter, we have plotted the distribution of the angle between the CD axis and
the Fc axis (Figure S1). The width of the distribution is evaluated by the value of A® reported on Figure S1 and defined as twice
the standard deviation. We observe that the relative motion between Fc and CD is more important for the free CD, with a larger
distribution. Since Fc penetrates less deeply into the free CD cavity, it oscillates and keeps a relative mobility. On the contrary,
the deeper insertion of the Fc into the surface-confined CD implies a significant loss of degrees of freedom as shown by the
narrower distribution.

7x107 —

— free CD cH,0H
6} — grafted CD -

@

A6= 8.0

AB= 20.0

60 120 180
8(°)

Figure S1 Distributions of the angle 8 between CD axis and Fc axis. The angle is defined in the inset. AB represents the width of the
distribution and is equal to twice the standard deviation.

The deformation of the CD is investigated through the distributions of the squared value of the radius of gyration of the molecule
(see Figure S2). For free CD, no significant change is observed in the distributions (Figure S2 a). This means that the repartition
of the mass of the CD is not modified by the association with Fc. Concerning the surface-confined CD (Figure S2 b), the Rg?
value is slightly increased in the case of the formation of the complex. However, we observe that the width of the distribution
is unchanged, the standard deviation being equal to 0.3 A for both distributions. The larger Rg? value for the grafted CD, can
be easily explained by the insertion of the Fc into the CD cavity. The fact that the width of the distribution is identical reveals
no significant difference as regards the mobility of the CD. Finally, these results indicate that the association with Fc does not
change strongly the structure of the CD in both homogeneous and heterogeneous systems.
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Figure S2 Distributions of the squared value of the CD radius of gyration in a) homogeneous system and b) heterogeneous system before and

after association.

1-S4 | S3



Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics
This journal is © The Owner Societies 2012

References

19
20
21

I.-C. Yeh and M. L. Berkowitz, J. Chem. Phys., 1999, 111, 3155-3162.

G. Filippini, F. Goujon, C. Bonal and P. Malfreyt, J. Phys. Chem. B, 2010, 114, 12897-12907.

J. A. D. MacKerell, D. Bashford, M. Bellott, J. R. L. Dunbrack, J. D. Evanseck, M. J. Field, S. Fischer, J. Gao, H. Guo, S. Ha, D. Joseph-McCarthy,
L. Kuchnir, K. Kuczera, F. T. K. Lau, C. Mattos, S. Michnick, T. Ngo, D. T. Nguyen, B. Prodhom, W. E. Reiher, B. Roux, M. Schlenkrich, J. C. Smith,
R. Stote, J. Straub, M. Watanabe, J. Wiorkiewicz-Kuczera, D. Yin and M. Karplus, J. Phys. Chem. B, 1998, 102, 3586-3616.

M. Kuttel, J. W. Brady and K. J. Naidoo, J. Comput. Chem., 2002, 23, 1236-1243.

X. de Hatten, Z. C. and. I. Huc, J. C. Smith and N. Metzler-Nolte, Chem. Eur. J., 2007, 13, 8139-8152.

B. Rai, P. Sathish, C. P. Malhotra, Pradip and K. G. Ayappa, Langmuir, 2004, 20, 3138-3144.

J. L. F. Abascal and C. Vega, J. Chem. Phys., 2005, 123, 234505-234516.

P. Honenberg and W. Kohn, Phys. Rev. A, 1964, 136, 864—871.

W. Kohn and L. Sham, J. Phys. Rev. A, 1965, 140, 1133-1138.

A.D. Becke, J. Chem. Phys., 1993, 98, 5648-5652.

C. Lee, W. Yang and R. Parr, Phys. Rev. B, 1988, 37, 785-789.

M. J. Frisch, G. W. Trucks, H. B. Schelgel, G. E. Scuseria, M. A. Robb, J. R. Cheesemann, J. A. Montgomery, J. Vreven, K. N. Kudin, J. C. Burant, J. M.
Millam, S. S. Iyengar, J. Tomasi, V. Barone, B. Mennucci, M. Cossi, G. Scalmani, N. Rega, G. A. Petersson, T. Nakajima, Y. Honda, O. Kitao, H. Nakai,
M. Klene, X. Li, J. E. Knox, H. P. Hratchian, J. B. Cross, V. Bakken, C. Adamo, J. Jaramillo, R. Gomperts, R. E. Stratmann, O. Yazyev, A. J. Austin,
R. Cammi, C. Pomelli, J. W. Ochterski, P. Y. Ayala, K. Morokuma, G. A. Voth, P. Salvador, J. J. Dannenberg, V. G. Zakrzewski, S. Dapprich, A. D. Daniels,
M. C. Strain, O. Farkas, D. K. Malick, A. D.Rabuck, K. Raghavachari, J. B. Foresman, J. V. Ortiz, Q. Cui, A. G. Baboul, S. Clifford, J. Ciolkowski, B. B.
Stefanov, G. Liu, A. Liashenko, P. Piskorz, I. Komaromi, R. L. Martin, D. J. Fox, T. Keith, M. A. Al-Laham, C. Y. Peng, A. Nanayakkara, M. Challacombe,
P. M. W. Gill, B. Johnson, W. Chen, M. W. Wong, C. Gonzalez and J. A. Pople, Gaussian, Inc., Wallingford CT, 2004.

C. P. Breneman and K. B. Wiberg, J. Comput. Chem., 1990, 11, 361-373.

U. Essmann, L. Perera, M. L. Berkowitch, T. Darden, H. Lee and L. G. Pedersen, J. Chem. Phys., 1995, 98103, 8577-8593.

W. G. Hoover, Phys. Rev. A, 1985, 31, 1695-1697.

S. Melchionna, G. Ciccotti and B. L. Holian, Mol. Phys., 1993, 78, 533-544.

J. P. Ryckaert, G. Cicotti and H. J. C. Berendsen, J. Comput. Phys., 1977, 23, 327-341.

DL_POLY is a parallel molecular dynamics simulation package developed at the Daresbury Laboratory Project for Computer Simulations under the auspices
of the EPSRC for the Collaborative Computational Project for Computer Simulation of Condensed Phases (CCP5) and the Advanced Research Computing
Group (ARCG) at the Daresbury Laboratory.

S.D. and S. A., Biophys. J., 1982, 40, 33-39.

A. Ghoufi and P. Malfreyt, Mol. Phys., 2006, 104, 3787-3799.

T. Auletta, M. R. de Jong, A. Mulder, F. C. J. M. van Veggel, J. Huskens, D. N. Reinhoudt, S. Zou, S. Zapotoczny, H. Schonherr, G. J. Vancso and L. Kuipers,
J. Am. Chem. Soc., 2004, 126, 1577-1584.

Y. Yu, C. Chipot, W. Cai and X. Shao, J. Phys. Chem. B, 2006, 110, 6372-6378.

s4| 1-S4



