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Figure S1. The overlapping between the potential energy distributions of each replica temperature 
ranging from 269.5 K to 570.9 K. 



 

Figure S2. The distance of centers of mass between βCD ring and HP group, d4(i)[Cg(βCD)–Cg(HP(i))] for 
(a) Di6-HPβCD, (b) Tri6-HPβCD, (c) Tet6-HPβCD, (d) Hep6-HPβCD, (e) Mon2Tet6-HPβCD, (f) 
Di2Tet6-HPβCD, (g) Tri2Tet6-HPβCD, and (h) Tet2Tet6-HPβCD at 300 K. 

 

Figure S3. Contour graphs of the native βCD probability distribution of 25,000 snapshots with the 
glycam06 force field at various temperatures. 

 



 
Figure S4. Contour graphs of the probability distribution of 25,000 snapshots of Mon6-HPβCD with 
the glycam06 force field in the various temperatures. 

 
Figure S5. Contour graphs of the probability distribution of 25,000 snapshots of Di6-HPβCD with the 
glycam06 force field in the various temperatures. 

 
Figure S6. Contour graphs of the probability distribution of 25,000 snapshots of Tri6-HPβCD with 
the glycam06 force field in the various temperatures. 



 
Figure S7. Contour graphs of the probability distribution of 25,000 snapshots of Tet6-HPβCD with 
the glycam06 force field in the various temperatures. 

 
Figure S8. Contour graphs of the probability distribution of 25,000 snapshots of Hep6-HPβCD with 
the glycam06 force field in the various temperatures. 

 
Figure S9. Contour graphs of the probability distribution of 25,000 snapshots of Mon2Tet6-HPβCD 
with the glycam06 force field in the various temperatures. 



 

Figure S10. Contour graphs of the probability distribution of 25,000 snapshots of Di2Tet6-HPβCD 
with the glycam06 force field in the various temperatures. 

 
Figure S11. Contour graphs of the probability distribution of 25,000 snapshots of Tri2Tet6-HPβCD 
with the glycam06 force field in the various temperatures. 

 

Figure S12. Contour graphs of the probability distribution of 25,000 snapshots of Tet2Tet6-HPβCD 
with the glycam06 force field in the various temperatures. 



 
Figure S13. The radius of gyration in various temperatures for (a) βCD, (b) Mon6-HPβCD, (c) Di6-
HPβCD, (d) Tri6-HPβCD, (e) Tet6-HPβCD, (f) Hep6-HPBCD, (g) Mon2Tet6-HPBCD, (h) Di2Tet6-
HPBCD, (i) Tri2Tet6-HPBCD, and (j) Tet2Tet6-HPBCD.



Table S1. The probability of different numbers of flip glucose subunits in βCD and all HPβCDs using flip angle parameter, (i)[C6(i)–C2(i+1)–C6(i+1)] in the various 

temperatures (criteria: more value than 90 degree) compared with classical MD simulation in the parenthesis. 

The Percentage of Flip Angle (%) 
Temperature 269.5 K 300.0 K 334.0 K 371.8 K 

Model No flip One flip Two flips No flip One flip Two flips No flip One flip Two flips No flip One flip Two flips 

βCD 52 38 10 58 (28) 35 (53) 7 (19) 61 33 6 59 34 7 
   Single-sided HP substitution 

Mon6-HPβCD 65 32 3 69 28 3 68 29 3 67 29 4 
Di6-HPβCD 75 23 2 74 23 3 76 22 2 76 22 2 
Tri6-HPβCD 70 29 1 75 24 1 78 21 1 77 21 2 
Tet6-HPβCD 66 33 1 78 21 1 81 18 1 81 18 1 
Hep6-HPβCD 43 54 3 73 (84) 25 (15) 2 (1) 81 18 1 79 19 2 

   Double-sided HP substitution 
Mon2Tet6-HPβCD 77 21 2 77 22 1 77 22 1 74 24 2 
Di2Tet6-HPβCD 67 32 1 75 24 1 78 20 2 78 20 2 
Tri2Tet6-HPβCD 67 31 2 70 28 2 71 26 3 68 28 2 
Tet2Tet6-HPβCD 74 23 3 74 24 2 74 24 2 73 24 3 

Temperature 413.9 K 460.7 K 512.9 K 570.9 K 

Model No flip One flip Two flips No flip One flip Two flips No flip One flip Two flips No flip One flip Two flips 
βCD 63 30 7 63 30 7 62 31 7 61 32 7 

   Single-sided HP substitution 
Mon6-HPβCD 65 30 5 65 30 5 64 30 6 61 32 7 
Di6-HPβCD 73 24 3 71 26 3 66 29 5 65 29 6 
Tri6-HPβCD 76 21 3 73 24 3 68 28 4 64 30 6 
Tet6-HPβCD 78 20 2 76 21 3 73 24 3 67 28 5 
Hep6-HPβCD 77 21 2 73 23 4 69 26 5 64 30 6 

   Double-sided HP substitution 
Mon2Tet6-HPβCD 74 24 2 73 24 3 70 26 4 65 29 6 
Di2Tet6-HPβCD 76 22 2 72 25 3 69 27 4 66 29 5 
Tri2Tet6-HPβCD 68 29 3 68 28 4 68 28 4 66 29 5 
Tet2Tet6-HPβCD 72 25 3 70 27 3 67 29 4 65 30 5 



Table S2. The probability of 25,000 snapshots with different numbers of HP occupied in CD cavity 
(criteria: d4(i)[Cg(βCD)–Cg(HP(i))] < 3 Å) for all HPβCDs in the various temperatures. 

The Probability of Different Numbers of d4(i)]Cg)βCD)–Cg)HP(i))] < 3 Å (%) 

Model n(HPinserted) 
Temperature (K) 

269.5 300.0 334.0 371.8 413.9 460.7 512.9 570.9 

Single-sided HP substitution 

Mon6-HPβCD 
0 96.45 97.59 97.88 97.25 97.81 98.80 98.63 98.33 
1 3.55 2.41 2.12 2.75 2.19 1.20 1.37 1.67 

Di6-HPβCD 
0 84.44 86.80 91.21 93.00 94.30 94.69 95.39 96.01 
1 15.56 13.20 8.79 7.00 5.70 5.31 4.61 3.99 

Tri6-HPβCD 
0 51.92 62.69 71.25 77.77 84.25 88.56 90.54 94.16 
1 48.06 37.25 28.72 22.22 15.75 11.44 9.44 5.84 
2 0.02 0.06 0.03 0.01 0.00 0.00 0.02 0.00 

Tet6-HPβCD 
0 46.44 61.66 68.80 74.52 77.54 83.42 87.17 89.24 
1 53.48 38.30 31.13 25.46 22.42 16.58 12.82 10.76 
2 0.08 0.04 0.07 0.02 0.04 0.00 0.01 0.00 

Hep6-HPβCD 
0 15.14 42.41 61.04 65.90 74.98 79.94 83.04 85.76 
1 84.59 57.45 38.88 34.06 24.99 20.02 16.92 14.21 
2 0.27 0.14 0.08 0.04 0.03 0.04 0.04 0.03 

Double-sided HP substitution 

Mon2Tet6-
HPβCD 

0 42.64 44.28 51.70 58.09 67.69 72.06 76.31 79.21 
1 57.04 54.53 47.42 41.37 31.98 27.73 23.50 20.66 
2 1.32 1.19 0.88 0.54 0.33 0.21 0.19 0.13 

Di2Tet6-HPβCD 
0 23.51 33.40 45.25 51.01 56.64 60.77 65.14 71.96 
1 75.37 65.36 53.95 48.22 42.68 38.77 34.46 27.75 
2 1.12 1.24 0.80 0.77 0.68 0.46 0.40 0.29 

Tri2Tet6-HPβCD 
0 21.11 26.46 34.52 39.18 43.60 53.79 60.66 67.70 
1 77.73 72.24 64.44 59.93 55.42 45.59 38.83 31.99 
2 1.16 1.30 1.04 0.89 0.98 0.62 0.51 0.31 

Tet2Tet6-HPβCD 
0 35.34 38.58 40.27 47.16 48.88 51.23 53.28 60.79 
1 63.94 60.66 58.84 52.22 50.36 48.10 46.10 38.84 
2 0.72 0.76 0.89 0.62 0.76 0.67 0.62 0.37 

 


