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Abstract—This study demonstrates the analysis of anisotropic
pore structures of highly porous pharmaceutical powder com-
pacts by combining terahertz time-domain spectroscopy and
in-situ measurements of the liquid penetration using terahertz
pulsed imaging.

I. INTRODUCTION AND BACKGROUND

THE pore structure plays an important role in many

different materials as it often controls fluid flow through a

material (e.g. geological formations or pharmaceutical tablets).

In order to gain insight into the fluid flow through porous

systems the pore structure must be measured and quantitatively

described. A very promising methodology to measure pore

properties is terahertz time-domain spectroscopy (THz-TDS)

coupled with effective medium theory. The linear polarisation

of the terahertz radiation can be utilised to study the predomi-

nant orientation and shape of pores by using an anisotropic

effective medium approximation. The liquid flow through

porous materials can be analysed by terahertz pulsed imaging

(TPI), which is is capable of capturing liquid penetration

kinetics that take place on timescales of seconds [1].

This study demonstrates the use of THz-TDS and TPI to

quantitatively describe anisotropic pore structures and to anal-

yse the liquid flow through the porous systems. We analysed

5 sets of pharmaceutical tablets consisting of functionalised

calcium carbonate (FCC, Omyapharm R©, Omya International

AG, Oftringen, Switzerland) with a nominal porosity, fn,

ranging from 45% to 65% with 5% increments.

II. RESULTS

The samples were measured by THz-TDS to determine the

porosity and their predominant shape using the anisotropic

Bruggeman model. This analysis yielded a sphericity of the

pores of 1.7 and that the spheroidal shaped pores have a

preferred orientation perpendicular to the compaction direc-

tion (see centre schematic in Figure 1b). We analysed the

arrangement of pores on the basis of a structural (S) parameter

(Figure 1a and b):
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neff is the effective refractive index of the powder compact

measured by THz-TDS and nL and nU are the lower and upper

Wiener bounds, respectively. The S parameter is correlated

with the oscillation frequency determined from in-situ TPI

measurements of the liquid penetration. The anisotropic pore

structure thus causes fluctuations of the liquid penetrating the

powder compact.
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Fig. 1. Analysis of TPI and THz-TDS measurements. (a) The high frequency
oscillations from the in-situ measurements of the liquid penetration by TPI as
a function of the S parameter of each sample. The S parameter is determined
for each sample by THz-TDS using Eq. 1. (b) Schematics of a tablet with
different arrangements of the pores, which is captured by the S parameter. f
is the porosity determined by THz-TDS.

III. CONCLUSION

This study demonstrates the application of THz-TDS and

TPI to gain information about anisotropic pore structures and

its impact on the liquid ingress into highly porous pharmaceu-

tical tablets.
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