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Abstract
In a polymer-water matrix, freezable water is depressed due to either 

porosity confinement or interaction. The aim of the study was to examine water 

crystallization / melting depression by sub-ambient differential scanning 

calorimetry. Polysaccharides including sodium alginate (SA), sodium starch 

glycolate (SSG), and pregelatinzed potato starch (PS) as well as cellulose 

derivatives including hydroxypropylmethyl cellulose (HPMC), sodium 

carboxymethyl cellulose (SCMC), and croscarmellose sodium (CCS) were 

employed. The morphology of dry samples was examined using the electron 

scanning microscopy and the powdered X-ray diffractometry. Mesopore size 

distribution for each of the samples was determined by nitrogen adsorption. The 

pre-treated with ambient humidity (85-100% relative humidity, at 30.0+0.2�C for 

10 days) and with water in excess (hydrogels) samples were subjected to a cycle 

of 25 - -150�C-cooling-heating at 5.00 �C/min rate. The volume fractions of 

hydrogels were measured by light scattering technique and the equilibrium 

moisture contents of samples were determined using a moisture balance. It was 

found that the major portion of polymeric materials under study was amorphous. 

All samples but PS and HPMC with ambient humidity as well as water in excess 

presented freezable water in two distinct fractions namely bound water where 

crystallizing / melting temperature was depressed and bulk water. It was 

postulated that the melting point depression of bound water on polymer surfaces 

may be either due to the specific interaction between water and functional sites on 
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polymeric chains modeled by Flory or water held within hydro-pores in structural 

network formed by swollen polymers which its melting point being depressed by 

Gibbs-Thomson effect. The volume fraction-melting temperature data derived 

from endotherms of hydrogels were successfully fitted to Flory’s model. The 

Flory’s interaction parameters (�1) were found to vary between 0.520 and 0.847. It 

was observed that the smaller the value of �1, the larger melting was depressed, 

i.e., stronger affinity for water. With the aid of in-house computer software for 

shape analysis, the bound water fraction on the surfaces of SA and SSG 

equilibrated with ambient humidity could be separated to 2 sub-peaks, i.e., the 

minor and major ones corresponded to the interaction and pore confinement, 

respectively. Thermoporometry was successfully applied to the latter peak. The 

hydro-pore radii expressed as geometric means + standard deviations of SA and 

SSG hydrogels was estimated to be 17.19+0.39 nm and 13.03+0.54 nm, 

respectively which were comparable with what were determined by nitrogen 

adsorption. It is suggested that the hydro-pore radii may be an important factor 

when it comes to hydrogel control release of the drug especially in a large 

molecular size. 


