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Abstract

Thermoporometry by DSC is an alternative pore characterisation method to the mercury intrusion and gas sorption techniques. The method
allows the study of porous materials in the liquid state. In this study, thermoporometry was performed using acetonitrile as the solvent.
The technique was calibrated by using well-characterised polystyrene/DVB samples. For acetonitrile, the following relationship was found
between the melting point depression (AT) of the solvent and the radius of the pore in which the solvent was confined:
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Ry (R) = N
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1. Introduction properties of the liquids, different pore sizes can be probed,
depending on the solvent used. Thermoporometry is useful
Thermoporometry is a technique that allows the study of in the characterisation of chromatographic medi@,11]
pore structures of materials in the liquid state. This alter- where the pore structure is of great importance. The chro-
native method for determining the pore size distribution in matographic performance of the material is directly related
porous materials, suggested by Kuhn e{Hl.and later de- to the mesoporous structure and the specific surface area.
rived by Brun et al[2], uses a thermodynamical relation- Furthermore, as the mesoporous structure of these materi-
ship known as the Gibbs—Thomson equation. The principle als may change with swelling, thermoporometry provides a
of the method is based on the lowering of the triple point unique method compared to the traditional techniques, mer-
temperature of a liquid filling a porous material. The phase cury intrusion and gas sorption, which require dry material.
transitions (crystallisation or melting) for a liquid confined For hydrogels this is a great advantage since the drying
within a pore are observed to shift to lower temperatures that procedure often destroys the original pore structure. In a
are determined by the pore size. This difference in transition recent study on polymeric chromatographic media used for
temperatureAT, between confined and bulk solvent can be oligo-nucleotide synthesis, the thermoporometry method
detected calorimetrically by differential scanning calorime- was found very suitable. Information on the pore structure
try (DSC). of the resin in the swollen state was gained and changes in
The thermoporometry technique has successfully beenthe pore size caused by the growing oligo-nucleotide could
applied to a large number of different porous materials like be followed[12]. In those studies, the liquid probe of inter-
silica gels[3], titania gel[4], hydrogels[5], elastomerg6], est was acetonitrile, since it is a commonly used solvent in
chemical pulp$7] and various liquid probes have been used, chromatography. The corresponding thermoporometric data
e.g. water, benzene, cyclohexan, nitrobenzene and carborfor acetonitrile are however, to our knowledge, not available
tetrachloride[1-9]. Due to the different physico-chemical in the literature. In order to use acetonitrile as a conden-
sate for thermoporometry it was necessary to obtain the
numerical relationship between the triple point depression
* Tel.: +46-18-612-12-35: fax:-46-18-612-18-44. (AT) of the solvent and the radius of the pore. A calibration
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polystyrene/DVB materials of known pore structure, which Table 1

is presented in this study. Hg porosimetry data and thermal data for the polystyrene/DVB standards
Standard ~ SSA Vo Dp Ry AT Standard
o e O
2. Theoretical background I 325 1.02 324 162 —2.05 0.03 §4§
I 459 1.18 524 262 —1.44 0.05 (3)
The triple point temperature of a solvent saturating a Iv 428 1.43 808 404 —0.77 0.22 (4)

porous material depends on the curvature of the solid/liquid
interface related to the pore size. The relationship between
the depression inth_e triple point temperature of the confir_1_edWaS to determine these data by using well-characterised
solvent and the radius of the pore where the phase transitionys|ystyrene/DVB samples as standards for the calibration

occurs is expressed by the Gibbs—Thomson equation: procedure. These materials were chosen because their pore
AT  2ps v structure was expected to be the same in the dry state
To AHoR_p’ (1) as in the solvent acetonitrile, i.e. no swelling was pre-
sumed. This was verified by microscopic investigations
whereys is the liquid—solid interfacial tensiom, the liquid and subsequent image analysis. The pore size distributions

phase molar volumeiHo the molar heat of fusiorR; the  for the polystyrene/DVB samples were known by mer-

pore radius, and\T = T — Tp the triple point depression,  cury porosimetry and their detailed data can be found in
with Tg being the triple point temperature of the solvent. Taple 1.

The equation can be generally written as The samples were subjected to an appropriate tempera-
A ture program and the thermograms for the standards are pre-
Rp = AT +1, ) sented inFig. 1. The peak at low temperature is due to the

melting of the confined solvent while the second peak is
associated with the bulk solvent. The melting point in the
pores was depressed in all cases, and the magnitude of the
shift increased with decreasing pore size.

From the DSC curves ifig. 1, AT = T — Tp was cal-
culated, Tp being the melting point of pure acetonitrite
—4540.2°C. TheAT values with standard deviations (with
number of runs in parenthesis) are presentethinle 1.

The AT values were correlated with the mean pore size
of the calibrated polystyrene/DVB samples. Fig. 2 the

. ) pore radii (R) is plotted as a function of the inverse of the
Acetonitrile 99.99%, @H3N (Merck, Germany), melting  mating point depression for the solvent.

point: —45°C. Polystyrene/DVB samples with varying pore | jnear regression yields the following numerical expres-
size (R in the range 100-400 A) prepared by suspension sion for acetonitrile:
polymerisation with an organic porogen. 309

Ry (R) = a7+ 13. (3)

whereA is a constant depending on the solvent aiglthe
thickness of the layer of solvent which does not take part in
the freezing or melting, but remains adsorbed on the surface
of the pore.

3. Experimental

3.1. Materials

3.2. Methods
The value 13A represents the thickness of the solvent
The DSC measurements were performed in an atmo-layer remaining adsorbed on the internal pore surface
sphere of nitrogen using a DSC Q1000 apparatus (TA (non-freezable solvent).
Instruments) calibrated with indium and equipped with a  In this study the thermoporometry technique has been
liquid nitrogen-cooling accessory. Samples of about 3—6 mg used in a basic form to obtain the mean pore size of the ma-
immersed in the solvent were put in hermetic aluminium terials of interest. It is also possible to calculate the pore-size
pans. The samples were first equilibrated-#0°C, and distribution from the DSC thermal curve, indeed the pore
thereafter the melting behaviour of the solvent was anal- volume in which the melting has occurred is related to the
ysed. A heating rate of IC/min was selected to ensure apparent enthalpy of melting of the confined solvent. Some
maintenance of the thermodynamic equilibrium. The mea- precautions should be taken in the interpretation of the re-
surements were performed in at least triplicates. sults since there are factors that can affect the reliability of
the method. The Gibbs—Thomson equation is valid only for
small enoughAT and the model assumes the form of the
4. Results and discussion liquid front to be spherical, which is an approximation. The
method does not take into account the effect of stresses ex-
As stated earlier, there are no data available for acetonitrile erted on the pore wall by the solid phase when it penetrates
as a condensate for thermoporometry. The aim of this studyinto the pore structure during crystallisation. Nevertheless,
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Fig. 1. DSC curves for the melting of acetonitrile in the polystyrene/DVB standards. The curves are shifted in the vertical scale for the sake of clarit
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Fig. 2. Pore radii (B) of the polystyrene/DVB standards as a function of the inverse of the melting point depresgidn {dr acetonitrile.

thermoporometry is a very useful method for studying meso- porosimetry and gas sorption, which require dry mate-

porous materials in the liquid state.

5. Conclusions

rial. Since the method allows the study of mesoporous
materials in the liquid state, it is very suitable for the

characterisation of various chromatographic media. Fur-
thermore, the thermoporometry technique requires little
material and is certainly a less time-consuming method.

Thermoporometry by DSC is a new, alternative pore char- It is also advantageous for materials with pore struc-
acterisation method to the traditional techniques, mercury tures that change in the liquid state, for example, by
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