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1. Solid State Characterization of Calcium Carbonate/Praziquantel Systems 

Powder XRD diffractograms of PZQ, GCC, and the physical mixture (PM) and the interaction 
product (IP) of both solids (PZQ and GCC) are shown in Figure S1. PZQ shows the most intense 
reflection around 16.5° (2Ɵ units) and other intense reflections at approximately 8°, 19.1° and 23.3° 
(2Ɵ units) according with that previously reported [1]. GCC shows a typical pattern of calcite with 
reflections at 23.0°, 29.4° (the most intense), 39.5° and 43.1° (2Ɵ units). The XRD pattern of IP was 
previously reported [2], nevertheless it has been included in this work for comparison purposes. The 
solid IP showed only reflections of calcium carbonate crystals, apparently due to the amorphization 
of PZQ or a partial reduction of crystallinity of PZQ. Previous works reported a similar loss of 
crystallinity of PZQ through the formation of a solid dispersion with different excipients [3–5]. On 
the contrary, the PZQ and GCC PM showed reflections of both components though those of PZQ 
have low intensity due to its low proportion in the mixture.  

DSC analysis of these samples clearly shows some modification of the IP solid state. In particular, 
the DSC curve of IP (Figure S2) displayed a broad peaks at 110–112 °C and 133–136 °C and a shoulder 
around 142–144 °C, indicating an alteration of the crystal structure of the pristine PZQ [2,4,6]. On the 
contrary, both PZQ and PM showed a strong endothermic peak at 142–144 °C corresponding to the 
melting point of the (RS)-PZQ crystal, while GCC did not present thermal events in the considered 
range of temperature. 

 

Figure S1. Powder X-ray diffraction (XRD) patterns of praziquantel (PZQ), ground calcium 
carbonate (GCC), physical mixture (PM) of PZQ-GCC and interaction product (IP) of PZQ-GCC. 
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Figure S2. DSC curves of PZQ, GCC, PM and IP. 

Thermogravimetric profiles of the samples studied are shown in Figure S3. GCC shows a slight 
weight loss (0.34% w/w) at 40 °C approximately, corresponding to the surface humidity evaporation. 
PZQ weight loss occurs in the range between 200 and 422 °C (97.64% w/w) due to the decomposition 
of PZQ. The PM showed a similar profile as that of the IP solid [2] with the decomposition of the PZQ 
fraction at 250–300 °C.  

 
Figure S3. TGA profiles of the GCC, IP, PM, and PZQ solids. 

SEM micro picture of GCC shows particle size lower than 10 µm in the (Figure S4A) with typical 
morphologies of high purity calcium carbonate for pharmaceutical use [7]. Microphotographs of the 
pristine racemic (RS)-PZQ presented elongated prismatic morphology with sizes > 100 µm (Figure 
S4B), similar to that observed in previous racemic PZQ mixtures [2,3,8,9].  

SEM microphotographs of PM clearly show particles of both components, (RS)-PZQ and GCC 
without appreciable changes in morphology, texture or particle size (Figure S4C and S4D), whereas 
SEM pictures of IP highlight important changes of texture and morphology (Figure S4E and S4F). The 
initial structure of PZQ disappeared and fibrous and filamentous particles of PZQ surrounding the 
GCC particles were observed. The size reduction of PZQ may be a further explanation of the absence 
of reflection peaks in the IP XRD pattern, as reported in previous works [3–5,10]. In fact, the particle 
size of pristine PZQ was in the range 40–550 µm, with a sample particle size such that 50% of the 
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mass of the particles is of a smaller diameter and 50% of the particles is of a larger diameter d50 = 
140.5 µm. GCC particles were around 1–28 µm with a d50 = 7.1 µm. The PM showed a particle size 
distribution in the range 200–1000 µm with a d50 = 457.9 µm, indicating that when the physical 
mixture is prepared, aggregates of particles are formed that produce an increase in the particle size 
with respect to the pure samples. Moreover, the particle size of the IP was smaller than that of the 
PM PZQ-GCC, being around 80–550 µm with a d50 = 217.6 µm. 

 

Figure S4. SEM micropictures of GCC, pristine PZQ, PM and IP. 

Spectroscopical properties of GCC, pristine PZQ, PM and IP were compared with FTIR (Figure 
S5a) and Raman (Figure S5b) spectra. GCC shows characteristic IR bands of the carbonate group 
(CO32-) at 1453, 875 and 712 cm−1 [11,12]. The IR spectrum of the pristine PZQ shows two bands in the 
range 2960–2840 cm−1 that were assigned to stretching (CH) modes of the alkyl CH and CH2 groups 
[3,10,13]. Two (C=O) bands were observed at 1665–1621 cm−1 [3,10,13], which we assigned to each 
carbonyl group of PZQ with different local environments in the racemic crystal packing. The (C–H) 
and (C–N) modes are observed around 1350–1021 cm−1 [14]. In the PM and IP the bands of PZQ were 
detected but no big differences could be observed due to the high proportion of GCC, whose bands 
overlap those of PZQ that is in low relative proportion in the PM mixture. Nevertheless, slight 
differences are detected in the (C=O) bands. They are closer in IP than in PM and pristine PZQ. The 
Raman spectrum of PZQ (Figure S5b) shows a band at 1044 cm−1 that we assigned to a symmetric 
δ(CN)s vibration mode of the C-N bonds. On the other hand, a high intensity band appears at 1085 
cm−1 in the GCC spectrum that we assigned to a symmetric (C–O) stretching mode of the carbonate 
C–O bond [15–17]. The PM and IP mixtures showed bands of PZQ and GCC. In PM, the PZQ 
component showed the same bands in the same frequencies and relative intensity that as isolated 
PZQ solid in the pristine racemic (RS)-PZQ crystals. However, the IP mixture showed slight 
differences in relative intensities and frequencies of the bands with respect to pristine PZQ according 
to previous results [10]. 
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Figure S5. FTIR (a), and Raman (b) spectra of PZQ, GCC, IP and PM. 
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