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Figure S1: The variations of mole fractions of neutral and deprotonated form of silica with pH.
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Figure S2: The variations of mole fractions of neutral and deprotonated drug with pH.

The fractions of various combinations of SD with pH is shown in Figure S3 It shows that
there is a higher fraction of S°D? and S°D- in the range of pH<7, whereas S'D*, S'D*, and S
D* dominates in the range of pH>7. In the mid pH range, small contribution comes from S°D*

and S'D-. However, contributions from S°D?-, S°D# and S'D? are too small to be detected.



Figure S3: The variations of product of mole fractions of silica and drug with pH.
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Figure S4: The variations of product of mole fractions of functional group, silica and drug with

pH.

S2. Geometry optimization

To study the interaction of D° molecule with S°silica surface, we have placed D? molecule
both horizontally (Figure SSA and S5B) and vertically (Figure S5C and S5D) on silica surface.
It is found that vertical position (Figure S5C) that allows maximum H-bonding between
bisphosphonates and SiOH favours the most stable configuration (E = 5.69 kCal.mol"). Five
possible states of the drug molecule (D°, D-, D>, D3 and D*) were considered and placed in
four possible positions on top of silica surfaces as shown in Figure 3.

The geometry optimization of silica (S° and S-) and propylamine functionalized silica (F*S°,
F*S-, FOSO, FOS-) were carried out. The resultant optimization energies are shown in Figure S5.
Figure S5 shows that the positively charged functional group has more negative energy than
the neutral functional group. Ten different geometry optimisation for S°’D°F? and S°DOF* are

shown in Figures S6 and S7. The interaction energy is with incorporation of propylamine on



silica surface. The alendronate molecule is tilted around propylamine group (Figure S5C)

favouring both H-bonding and hydrophobic interactions.
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Figure S5: Lowest energy configurations of drug (D) on silica surface (S°) at different position.

The corresponding interaction energies, E in kcal.mol'! are given below.
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Figure S6: Lowest energy configurations of neutral and deprotonated silica surface with drug

molecule with different charged state.



Figure S7: Optimization of neutral propylamine functionalized silica in ten different positions.

Figure S8: Optimization of positively charged propylamine functionalized silica in ten different

positions.
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Figure S9: Optimization energies for silica surface in presence of protonated (F*) and neutral

(F%) functional group.
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Figure S10: Lowest energy configurations for all combinations of silica (S°) with a functional

group and with drug (D°) in different position
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Figure S11: The lowest energy configurations for the combinations of neutral silica (S°) in
presence of neutral (F°) and protonated (F*) functional group with the different neutral and

deprotonated states of the drug.
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Figure S12: The lowest energy configurations for the combinations of deprotonated silica (S-)
in presence of neutral (F°) and protonated (F*) functional group with the different neutral and

deprotonated states of drug.
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