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Parameterization of protonated and deprotonated glucosamine 

The initial structure of protonated and deprotonated glucosamine was generated by replacing 

the glucose unit –OH group bonded with C2 into –NH2 and –NH3, respectively. The geometry of 

protonated and deprotonated -D-glucosamine were optimized by Hartree-Fock (HF) calculations 

employing the 6-31G* basis set1 as implemented in the Gaussian 09 program2. At the optimized 

geometry, electrostatic potential (ESP) was calculated at the HF/6-31G* level of theory according 

to the Merz−Singh−Kollman scheme3, 4. Partial atomic charges for subsequent molecular 

dynamics simulations were derived on the basis of the restrained electrostatic potential (RESP)5.

Based on the derived partial atomic charges, the protonated and deprotonated glucosamine 

monomer was solvated by 884 and 886 TIP3P water molecules in a simulation box with 
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dimension of 30.1 ×30.1 ×30.1 Å3 and simulated under constant-NpT ensemble (T = 298 K and p 

= 1 atm) for 50 ns, respectively. From the last 40 ns trajectory, 80 snapshots were extracted with 

equal interval. The structure of both protonated glucosamine and deprotonated glucosamine in 

each snapshot was subject to a partial optimization with rotatable exocyclic dihedral angles fixed 

and a subsequent RESP calculation for atomic charges. The charges derived from the 80 snapshots 

were averaged to give the final set of charges for protonated glucosamine and deprotonated one. 

Bonded parameters for the atoms in the −NH group were adopted from the general Amber force 

field6. The charge distributions for the derived glucosamine, protonated glucosamine and the 

acetylated glucosamine are shown in Figure S1 and Table S1.

Figure S1. The molecular structures of the glucosamine (left), protonated glucosamine (right), and 

acetylated glucosamine (middle) sugar units with the charges marked on the functional group 

atoms. 



3

Table S1. Charge distributions of atoms in the glucosamine unit, protonated glucosamine unit and 

the acetylated glucosamine unit. 

Atom type Atom name Glucosamine Protonated Glucosamine Acetylated Glucosamine*

CG C1 0.349528 0.375781 0.287
H2 H1 0.099219 0.10884 0
OS O5 -0.522743 -0.477541 -0.433
CG C5 0.201885 0.243005 0.208
H1 H5 0.054093 0.095347 0
CG C6 0.289915 0.269398 0.289
H1 H61 0.024361 0.044001 0
H1 H62 0.024361 0.044001 0
OH O6 -0.69451 -0.683172 -0.689
HO H6O 0.448944 0.463236 0.424
CG C4 0.125699 0.038465 0.302
H1 H4 0.075119 0.113482 0
CG C3 0.268974 0.281962 0.18
H1 H3 0.050951 0.099807 0
OH O3 -0.69285 -0.673513 -0.681
HO H3O 0.444549 0.47151 0.423
CG C2 0.286845 0.040846 0.48
H1 H2 0.061603 N/A 0
HX H2 N/A 0.157484 N/A
N3 N2 -1.0113 N/A N/A
N4 N2 N/A -0.565978 N/A
N N2 N/A 0.375781 -0.722

HN H2N 0.399492 0.402503 N/A
H H2N N/A N/A 0.3
C C2N N/A N/A 0.648
O O2N N/A N/A -0.576

CG CME N/A N/A 0.034
HC H1M N/A N/A 0
HC H2M N/A N/A 0
HC H3M N/A N/A 0
OS O4 -0.683577 -0.654457 -0.474

*Charge distribution from the GLYCAM_06 force field by Woods et al.7
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Figure S2. Density profiles of the different functional group atoms for all studied polymer-Mnt 

systems. Density value of counter ions are divided by a factor of 5 to present all plots in a uniform 

range. Acetyl group (Ac) refers to O=C-CH3.
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Figure S3. The radial distribution functions (RDFs) between the functional groups atoms and 
couter ions for all studied polymer-Mnt systems. Plots are time averaged over last 50ns 
simulations. Descriptions for functional groups is the same as in Figure S2.

Table S2.  Interaction Energies between the polymer and Mnt clays as well as between the 
polymer and water molecules in both adsorbed form and water solved free form. Data were 
calculated from the last 50ns trajectories after systems achieved equilibrium. 

Polymer-water Einter (kcal mol-1)System Polymer-mmt Einter (kcal mol-1)
Adsorbed form Free form

CHS20% pH <4 -2254.4  10.1 -273.1  16.3 -1357.1  6.8
CHS0% -1410.12.6 -232.5  5.9 -965.7  3.3
CHS20% -1360.3  0.5 -111.7  4.0 -893.5 1.9
CHS40% -853.8  0.6 -323.4  0.9 -823.8  2.5
CHT60% -901.2  0.3 -180.4  5.4 -717.6  2.3
CHT80% -482.7  0.2 -302.5  0.8 -672.5  7.5
CHT100% -188.3  1.7 -335.1  2.9 -605.9  1.9

CHS20% pH > 6.5 -116.5  6.4 -380.6  4.3 -591.4  0.5
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Figure S4. Water orientation around the hydroxyl O3 atom of the studied polysaccharide chains in 

liberated state in water solution. The horizontal axis shows the water orientation by the cosine 

value averaged over the entire simulation within a radius of 0.5 nm around the O3;  is defined by 

two vectors: one is the water dipole vector, the other is the vector formed between the O3 and the 

water oxygen, as marked by the black arrows in the up panel. Color scheme for the sugar chain: 

carbon (cyan), oxygen (red), hydrogen (white), nitrogen (blue).   
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