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Abstract:

glycerol has been chosen as a CPA and the molecular dynamics method was used to simulate glycerol and water binary

To study the structure and physicochemical characteristics of cryoprotective agent (CPA) solutions,

systems with different concentrations. Molecular dynamics trajectories of aqueous glycerol solutions within 2 ns were
obtained. After a detailed analysis of trajectories within the last 1 ns, the intermolecular radial distribution functions for
C-C, C-O, C-H, O-H, 0O-O and H-H pairs and the backbone conformation distributions of glycerol molecules were
calculated. Based on geometrical criteria, structural and dynamics characteristics of the hydrogen bonding network
were analyzed. Distribution percentages and average values of the number of hydrogen bonds per atom (O and H atoms)
and per molecule (glycerol and water molecules) were calculated. The lifetimes of total hydrogen bonds, hydrogen bonds
between water molecules and hydrogen bonds between glycerol and water molecules were also studied.
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Table 1 Parameters of simulation boxes

Box n, Ny Cy Box size
N L, L, L.
1 70 2223 1.24 5.25+x0.07 3.30+£0.06 5.41x+0.07
2 100 1908 1.92 5.27+0.07 3.15+0.06 5.20+0.07
3 130 1571 2.60 5.11£0.06 3.14+0.05 5.18+0.06
4 140 1391 299 4.93+0.07 3.11+0.05 5.07+0.06
5 150 1185 3.34 4.90+£0.05 3.06+0.05 4.97+0.06
6 170 1105 3.83 4.89+0.05 3.03+0.05 4.97+0.06
7 500 0 6.59+£0.04  4.62+0.03  3.09+0.04
8 0 768 2.83+0.02 3.25+0.01  2.86+0.03

ng and n,: the number of glycerol and water molecules in the
simulation system, respectively; c,: the glycerol concentration in unit
of mol-L™; L,, L, and L. are box sizes in three dimensions in units of

nm, respectively.
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Fig.1 Intermolecular radial distribution functions as a function of distance for atom pairs in glycerol aqueous
solutions with different concentrations
Numbers in the small box of the figure refer to different concentrations for glycerol, “water” and “glycerol” refer to box8 and box7, respectively.

Although the peaks are different for different glycerol concentrations, the peak positions show little dependence on glycerol concentrations. So, the

radial distribution functions for each atom pairs illustrated here are only results for two glycerol concentrations selected from the eight simulation

boxes. The selected glycerol concentrations are not the same for different atom pairs to make sure that all glycerol concentrations studied in the

present study have been covered.
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Table 2 Probability distribution(%) of the glycerol backbone conformations

Conformation Box1 Box2 Box3 Box4 Box5 Box6 Box7 Mean Ref.[6] Ref.[25] Ref.[24]
ao 79.7 83.5 79.7 81 79.7 78 76 79.7 40 20 48
of3 10.2 8.7 9 10.7 9 8.6 12 9.7 20 20 1.4
ay 9.6 7.5 10 7.9 10 12.6 10 9.7 30 30 46
BB 0.05 0.15 0.015 0.18 0.02 0.02 0.1 0.08 0 5 0
By 0.43 0.06 0.89 0.21 0.89 0.76 0.5 0.53 5 15 0.2
L% 0.02 0.07 0 0.06 0 0.07 0.4 0.09 5 10 4
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Table 3 Results of hydrogen bonding network analysis for oxygen and hydrogen atoms
Box ¢/(mol+L™) 9 H
10 (%) S1 (%) 12 (%) 15 (%) o 11 (%) f1'(%) 12 (%) iy
1 1.24 7.6 38.4 50.0 4.0 1.51(+0.010) 21.8 77.8 0.4 0.79(x0.005)
2 1.92 8.2 40.4 47.8 3.6 1.47(x0.009) 21.9 715 0.6 0.79(x0.005)
3 2.60 9.4 425 45.0 3.2 1.42(x0.010) 22.1 77.0 0.9 0.79(x0.006)
4 2.99 9.8 44.3 43.0 2.9 1.39(+0.011) 22.4 76.6 1.1 0.79(x0.007)
5 3.34 10.6 46.2 40.6 2.6 1.35(+0.010) 22.3 76.4 1.3 0.79(x0.006)
6 3.83 11.1 46.6 39.8 2.5 1.34(£0.011) 22.1 76.4 1.5 0.79(x0.007)

S and f1': percentages of oxygen atoms and hydrogen atoms with i hydrogen bonds (i=0, 1, 2, 3), respectively. no and ny: the mean number of

hydrogen bonds per oxygen atom and per hydrogen atom, respectively; The values are averaged from 400 records which have been generated every

0.5 ps; The standard deviations for the mean number of hydrogen bonds per oxygen atom and per hydrogen atom have been listed in brackets after the

average values.
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Table 4 Results of hydrogen bonding network analysis for glycerol and water molecules

Box  ¢/f(mol-L™) Jo%)  f(%) %) HR)  fl%)  HP) [l ) Sl %)  fL%)  fil%) Mo Mg

1 1.24 a 01 0.7 2.7 62 113 178 246 223 113 26 03 5.80(x0.16) 3.18
b 06 60 191 353 357 3.3 3.09(0.02)

2 1.92 a 02 11 3.2 6.7 106 170 244 232 110 25 0.3 5.77(x0.13) 320
b 07 62 198 357 346 30 3.06(x0.02)

3 2.60 a 02 12 3.7 73 118 180 242 210 100 22 03 5.63(x0.11) 323
b 08 6.6 204 363 333 2.7 3.03(0.02)

4 2.99 a 01 0.7 26 63 116 188 259 219 96 21 02 572(x0.12) 3.24
b 08 72 212 364 318 25 2.99(0.03)

5 3.34 a 01 1.0 4.1 86 127 186 246 201 85 18 02 551009 327
b 08 71 217 374 309 @ 22 2.97(x0.02)

6 3.83 a 01 0.9 3.1 74 130 197 253 201 8.3 1.8 02 557(x0.11) 3.31
b 09 75 215 371 308 @ 22 2.96(0.03)

7 glycerol a 06 3.3 92 149 201 229 183 8.3 22 03 4.50 4.50

8 water b 08 73 218 349 321 3.2 3.00 3.00

[ percentages of molecules (a: glycerol; b: water) with i (=0, 1, 2 --+) hydrogen bonds, ng: the mean number of hydrogen bonds per molecule

(including both glycerol and water molecules), nyo.: the mean number of hydrogen bonds per glycerol or water molecule; The values are averaged from

400 records which have been generated every 0.5 ps. The standard deviations for nyo. have also been shown in brackets after the average values.
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Table 5 The summary of results of hydrogen bonding lifetimes

Total W-W g-w
Box ¢/(mol+L™) : 7/ps : R rdps R 7 s R
This study Literature
1 1.24 0.70(x0.002) 0.996 0.69(x0.003) 0.990 0.82(x0.004) 0.990
2 1.92 0.95(x0.003) 0.995 0.94(x0.003) 0.994 0.88(x0.003) 0.993
3 2.60 1.00(+0.003) 0.994 1.02(+0.003) 0.995 0.97(x0.003) 0.993
4 2.99 0.99(+0.003) 0.991 0.94(x0.003) 0.994 0.90(+0.004) 0.992
5 3.34 0.96(+0.004) 0.993 0.93(+0.003) 0.996 0.75(+0.002) 0.997
6 3.83 1.04(x0.003) 0.996 1.05(x0.003) 0.994 1.00(x0.003) 0.994
7 glycerol 2.30(x0.010) 3.027 0.990
8 water 0.68(x0.004)  0.5%7, 0.5-0.7" 0.992
1.71-10.1%

T, Ty and 7,,: lifetimes of all hydrogen bonds, hydrogen bonds between water molecules (w-w) and hydrogen bonds between glycerol and water

molecules (g-w), respectively; R: the correlation coefficients of fit between InCyy(#) and #; The maximum errors of lifetimes have been listed in

brackets. The published values of lifetimes for glycerol aqueous solutions are scarce and only results of hydrogen bonding lifetimes for pure

water and glycerol systems in literature are listed.
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