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Fig.1 DSC heating and cooling thermograms

of 5% EG aqueous solution

1)cooling trace, 2)heating trace; EG: ethylene glycol
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Supercooling degrees were calculated by subtracting heterogeneous
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Table 1  Freezing temperature and freezing heat of EG and glycerol solutions measured by DSC
Freezing tenperature (°C ) Freezing heat(J + g™") Unfreezable water(g/g H.O)
w(% ) EG Glycerol EG Glycerol EG Glycerol
0 -21.13 -21.13 —294.22 —294. 22 0. 000 0. 000
1 -16. 86 -16.22 —279. 56 —-283. 74 0.076 0. 066
2 -10. 86 -11.90 -292.25 -292.92 0. 081 0.073
5 -19.41 -18.01 -255.99 —265. 64 0.173 0. 150
10 -19.83 -17.86 —202.00 -225.26 0. 380 0.318
15 -15.15 —16. 62 -159.19 -176. 01 0. 554 0. 500
20 -22.46 -20.85 -126. 37 —151.63 0. 649 0. 582
25 -25.18 -19.77 -107. 22 -126. 49 0.715 0.676
30 —34. 94 —25.96 -89.83 -112. 74 0. 760 0.718
35 -38.99 —-28.99 -76.03 —-100. 57 0.805 0. 761
40 -43. 94 -35.82 -57.81 -84.29 0. 858 0. 805
45 —-50. 80 —40. 54 —-49.89 -70.79 0. 880 0. 844
F2 ZBNRZBARAREBAETEE . RKEBELEREMBMEE
Table 2 Glass transition, devitrification and melting temperature of EG and glycerol solutions
Solution ~-T/C(+1TC) ~-To/T(x1T) - Tn/CT(x1C) Heating rate (C * min~") Reference
45% EG 129 (onset) 97 (peak) 30(peak) 5 This work
131 (unknown) 110 (unknown) 30 (unknown) 5 [13]
50% EG 128 (onset) 82 (peak) 36(peak) 5 This work
129 (unknown) 87 (unknown) 38 (unknown) 5 [13]
45% Glycerol 117 (onset) 101 (peak ) 21 (peak) 5 This work
118 (onset) 106 (onset) 20. 5(peak) 10 [14]
116(POI) 106 (peak ) 19(peak) 10 [15]
50% Glycerol 116 (onset) 97 (peak) 24 (peak) 5 This work
117 (onset) 98 (onset) 24(peak) 10 [14]
115(POI) 94.(peak ) 23 (peak) 10 [15]
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cryoprotected aqueous system. In: The biophysics of organ

Freezing Properties of EG and Glycerol Aqueous Solutions Studied by DSC*

Gao Cai Zhou Guo-Yan Xu Yi Hua Ze-Zhao
( Institute of Cryomedicine and Food Freezing, Shanghai University for Science and Technology, Shanghai — 200093 )

Abstract In order to examine possible relationship between freezing properties and the number of hydroxyl
group in solute molecules, a differential scanning calorimeter (Pyris-Diamond DSC) was employed to study the
thermal behaviors (supercooling degree of heterogeneous nucleating temperature, hydration properties, glass
transition and devitrification) of ethylene glycol and glycerol aqueous solutions. Experiments were conducted on
12 groups (24 in total) aqueous solutions with different concentrations. At the same concentrations (mass frac-
tion, w), the supercooling behaviors of these two polyols aqueous solutions followed similar rules of change. At
concentration of 0 ~5% (w), supercooling degrees decreased first and then increased with increasing concentra-
tion. But at concentration of 5% ~25% (w), experimental results showed that supercooling behaviors became
disorder. At concentrations > 25% , supercooling degrees enhanced monotonically with the increasing solutes
contents. Hydration experiments showed that the unfreezable water content in aqueous solutions of these two
polyols solutions had no significant difference (ratios of unfreezable water contents are 1.04 ~1. 15 ) with the
same mass percentage. However, the temperature of glass transition and devitrification exhibited distinct differ-
ence. It can be concluded that hydroxyl-group concentration” of this two polyols aqueous solutions could predict
supercooling behaviors and hydration capabilities. Neither mass percentage nor molality of these two polyols

solutions could characterize glass transition and devitrification temperature.

Keywords:  Ethylene glycol(EG),  Glycerol, Differential scanning calorimetry (DSC),  Supercooling

degree,  Hydration,  Glass transition and devitrification
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