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Supporting TableCaptions

All Supportingrables are provided in the associamgateadsheet file (Supportifigibles.xIsx). The captions for
each tableare provided here:

Table S1Comparison of the experimental and calculated binding free energies (kcal/mol) for all force field
combinations. For each heguest pair, a mean and SEM value is provided. Error metrics characterizing the
deviation of the calglated values from the experimental values are given below.

Table S2Comparison of the experimental and calculated binding enthalpies (kcal/mol) for all force field
combinations. For each heguest pair, a mean and SEM value is provided. Error metrgeaaterizing the
deviation of the calculated values from the experimental values are given below.

Table S3Error statistics between the computed and experimental binding free energy and binding enthalpy for
each force field combination. Error statistiag grovided for a variety of sufroupings of the full hosguest
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guests, aliphatic carboxylates, and aromatic carboxylates. Details on the coimpaodieach sulgroup is

provided below.

Table S4Complete experimental and calculated thermodynamic values (kcal/mol) for the -Q¥HBE data set.

Table S5Complete experimental and calculated thermodynamic values (kcal/mol) for the -QWHBEsm1,-
sm2 -sm3, and-shw data set.

Table S6Complete experimental and calculated thermodynamic values (kcal/mol) for the Q¥RIBGew data
set.

Table S7Complete experimental and calculated thermodynamic values (kcal/mol) for the QPRGlata set.
Table S8Complete experimental and calculated thermodynamic values (kcal/mol) for the - QFRata set.

Table S9Complete experimental and calculated thermodynamic values (kcal/mol) for the -Q4#d3& data
set.

Table S10Complete experimental and calculatecetimodynamic values (kcal/mol) for the Q4RECphos
data set.



Table S11Complete experimental and calculated thermodynamic values (kcal/mol) for the Q4¥3&phos
data set.

Table S12Complete experimental and calculated thermodynamic values (kcalforolpe Q4BGTIP3P data
set.

Table S13Complete experimental and calculated thermodynamic values (kcal/mol) for the BGRB8 data
set.

Table S14Complete experimental and calculated thermodynamic values (kcal/mol) for the BGBB data
set.

Table S15 Decomposition of the valence (bonded) enthalpic binding contribution into Bond, Angle, Dihedral, 1

4 LJ and -8 Electrostatic terms for selected hegtiest pairs in the Q4RTP3P simulation set (below) and the
BGBGTIP3P (at right). The mean valuegath term are given for the bound and unbound simulation along
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Table S16 Decomposition of the enthalpic binding contribution for a selection of {gosst pairs from the

Q4RGTIP3P simulationValues are given for the full system (full), solute (sol), solvent (wat), and smllytent

(w-s) components. These values are futher decomposed by Valence, Ldomasi(LJ), and Electrostatic (Elec)

terms. The left column has ammonium guests, andritjet column has carboxylate guests. The kpsést ID

(see Table 1) is given along with-a™and "s" suffix to indicate primary and secondary orientation of the guest,

respectively. Total values differ slightly from Table S1 due to use of fewepaiata from the simulation. All
values in kcal/mol.

SupportingFigures

Supporting lgures are provided below.
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Figure &. Radial distributiorfunction (RDFpetween guest atoms and the rest of the system atonop (ow) and

between cyclodextrin atoms and all other atoms in the systbottom row). In this approach, pairwise distances a
computed between all atoms in the target (either guest or CD) and all other surrounding atoms. The density
distances are then bired and normalized according to the volume of the shell defined by the bin. Tweghest pairs
are examinedh CD/octylammonium (@am) and CD/heptanoate. RDFs are show for the guest bound in the prirr
orientation (red), secondary orientation (greeayd unbound (black dashed).
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Figure 8. Dihedral probabilities for the O@lack) and O6 (red) CD hydroxyls in the bound (solid) and unbound :
(dashed). Data are shown for théhpa hostguest pair in the primary (A) and secondary orientation (B). Similarly-the a
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Figure 8. (Top) The summed difference in root mean squared fluctuatipRMSF), i.e., the sum of the differences
oxygen atom RMSF between the bound and unbound stat€i, for a selection ofalkyl guests binding in the priman
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Figure 8. Binding enthalpy decompositionfr the primary orientation (top/blue) and secondary emtation
(center/orange), and entropic contribution to the free energy for both orientations (bottom) for selected guests fror
Q4RGTIP4Pew simulation set. The number of guest carbon atoms increases from left to right for each guest cl:

" Q4RG-TIP4Pew Primary Orientation [BqH mval BL) OEle

a-bam a-pam a-ham a-hpa a-oam b-ham b-oam a-but a-pnt a-hex a-hep a-oct b-pnt b-hex b-hep
Ammonium Guests Carboxylate Guests

- Q4RG-TIP4Pew Secondary Orientation |mgH BVal OLJ OEle

a-bam a-pam a-ham a-hpa a-oam b-ham b-oam a-but a-pnt a-hex a-hep a-oct b-pnt b-hex b-hep
Ammonium Guests Carboxylate Guests

Q4RG-TIP4Pew

@ Primary Orientation

@ Secondary Orientation

a-bam a-pam a-ham a-hpa a-oam b-ham b-oam a-but a-pnt a-hex a-hep a-oct b-pnt b-hex b-hep
Ammonium Guests Carboxylate Guests

Table Ifor identification). Val = valence energy, LJ = Lendartes energy, Ele = electrostatic energy.
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Figure S. Binding enthalpy decompositionfr the primary orientation (top/blue) and secondary orientatio
(center/orange), and entropic contribution to the free energy for both orientations (bottom) for selected guests fror
Q4RGSPC simulation set. The number of guest carbon atoms incréasedeft to right for each guest class (see Tak
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1 for identification). Val = valence energy, LJ = Lendangés energy, Ele = electrostatic energy.
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Figure 8. Binding enthalpy decompositionfor the primary orientatim (top/blue) and secondary orientatior
(center/orange), and entropic contribution to the free energy for both orientations (bottom) for selected guests fror
Q4RGOPC simulation set. The number of guest carbon atoms increases from left to right fayuesstitlass (see Tabl
1 for identification). Val = valence energy, LJ = Lendangs energy, Ele = electrostatic energy.
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Figure 3. Binding enthalpy decomposition®r the primary orientation (top/blue) and secondaryrientation
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Figure 8. Binding enthalpy decompositionfr the primary orientation (top/blue) and secondary orientatio
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Figure $1. Radial distribution function plots between the CD ceriémass and water (top) and between the CD cent
of-mass and sodium ion (bottom) for the indicated simulation sets. Plots are showi(left) and CD (right).
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Figure $3. Comparison of the Q4MBD and AM-BCC partial charge assignments for each unique atom in the CD
The Q4MBCD charges were derived by Cezard &uaing the RESP approach implemented in the R&ebrer toof.
The AM1BCC charges were obtained via Antechamber calculation of a single glucose monomer with methoxy caj
and O4 termini, followed by adjustment of the partial charges to ensure neutrality following removal of the ca
groups. Th AMXBCC charges were used in all simulations sets which begin with "BG" rather than "Q4".
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Figure $5. Comparison of thé CD:cyclopentanol secondary oriented bound state conformations generated by
different force field combinations. Two hundred evenly spaced snapshots from the simulation trajectories are o
via RMSD fit of the host atoms. &teft column shows the ensemble generated by the Q4RE3P force field; at right it
the ensemble generated by the BGB®3P force field. The top row presents a view looking towards secondary op
of the cyclodextrin. The bottom row presents a viigam the side, with three of the glycosyl residues removed for eas
viewing. The carbon atoms of the cyclodextrin are colored grey, whereas those of the cyclopentanol are colored -
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Figure $6. Probability distributions which demonstrate the fluctuation of all guests in the bound state for the-Q
TIP3P simulation set (blue) and the BGBB3P simulation set (orange). The distance is measured between the cen
mass of the cyclodextrin antie center of mass of the guest. The thick lines represent the mean value at each histc
bin across all guests in both the primary and secondary orientation.
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