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Figure S1. Thermoanalytical (TA) autoclaves before experiments. 



 

 

 

Figure S2. Loaded TA autoclaves. 



 

 

 
Figure S3. Loaded TA autoclaves in a holder frame, ready to be immersed in a KRIO-BT-06 thermo-
static bath. 



 

 

 
Figure S4. TA autoclaves in a KRIO-BT-06 thermostatic bath. Experiment started. 

  



 

 

Table S1. Melting points of Class 3 Residual Solvents and Melting points in some ‘Class 3 Solvent – 
Water’ binary systems. 

Solvent 
Melting 
point, °C 

Melting points in 
‘Class 3 Solvent – Water’ binary systems 

tert-Butyl alcohol (TBA) +26 

-3.3°C, ‘TBA - hydrate 1’ eutectic melting;  
-8.2°C, ‘ice - hydrate 2’ eutectic melting [1] 
-9.3°C, ‘ice - hydrate 1’metastable eutectic 

melting [2] 
Acetic acid +16.6 -26.7°, eutectic melting [3] 

Heptane -90.6  
Acetone -95 -99°C, ‘acetone – hydrate’ eutectic melting [4] 

Isobutyl acetate -99  
Anisole -37.5  

Isopropyl acetate -73  
1-Butanol -90.2  

Methyl acetate -98.1  
2-Butanol -115  

3-Methyl-1-butanol -117  
Butyl acetate -78  

Methyl ethyl ketone -87  
tert-Butyl methyl ether -109  
Methyl isobutyl ketone -80  

Cumene -96  
2-Methyl-l-propanol -108  
Dimethylformamide 

(DMFA) -61  

Dimethyl sulfoxide 
(DMSO) +18.6 -73°C, DMSO∙0.5H2O peritectic melting [5] 

Pentane -130  
Ethanol -114 -124°C, ‘ethanol - hydrate’ eutectic melting [6] 

1-Pentanol -78  
Ethyl acetate -84  

1-Propanol -127 

-168.5°C, ‘1-propanol - hydrate 1’ eutectic 
melting;  

-186°C, ‘1-propanol - hydrate 2’ eutectic 
melting [7] 

Ethyl ether -116  

2-Propanol -89.5 -98°C, ‘2-propanol - hydrate’ eutectic melting 
[8] 

Ethyl formate -80  
Propyl acetate -95  

Formic acid +8.2 -48.5°, eutectic melting [9] 



 

 

 

Figure S5. A comparison of the bulk volumes of the same amount (0.145 g) of ultrafine Pz, obtained 
by Thin Film Freezing, TFF+ Freeze Drying, FD (right) and the starting Pz (left) in 30 ml vials. 

This comparison shows that the specific surface area can be increased drastically also 
for a pure form. However, such an increase is technologically useless. Such powders have 
zero flowability, they cannot be used, in order to fill in the capsules for capsule DPIs (dry 
Powder Inhalers). Due to a very low powder density the emitted dose will be extremely 
low (< 5 mg in Capsule Size “00”).  

 

Figure S6. X-ray powder diffraction patterns: (1) starting Pz; (2) ultrafine Pz, obtained by TFF+FD. 
The sample remains crystalline and has less preferred orientation of the particles. 

  



 

 

Calorimetric measurements (experimental details) 
Calorimetric experiments were carried out using a DSC 204 F1 Phoenix (Netzsch), in 

a flow of dry argon (25 ml/min). The drop of the solution (+20°C) was placed into a cruci-
ble (which was immediately sealed) and cooled down to -50°C at a cooling rate of 1°/min, 
and then heated (with measurements from -70°C to 30°C) at the heating rate 3°/min.  

The common feature for DSC curves of all frozen benzene solutions is a slope on a 
baseline in the temperature range ~ −35 ÷ −30°C that may be attributed to a glass transition 
of the trehalose-containing amorphous freeze-concentrate (Figure S1).  

 

Figure S7. DSC curves of frozen aqueous trehalose solution (a) and trehalose solution in THF – 
water co-solvent system (19.1 wt % of THF) (b). 



 

 

 

Figure S8. Formation of an unacceptable precipitate on dissolution of Pz formulation with glycine 
in saline (preliminary experiments). Right to left: starting lyophilized cake (1.00 ml aliquote; 7.75 
mg Pz and 31 mg glycine in 1 vial); +3 ml saline; +5 ml saline. 

 

Figure S9. Comparison of X-ray powder diffraction patterns of (a) ultrafine Pz, obtained by TFF+FD, 
(b) starting α-glycine and (c) precipitate formed on dissolving the Pz formulation with glycine in 
saline solution. 

  



 

 

Table S2. Results of elemental analysis of the precipitate formed on dissolution of Pz formulation 
with glycine in saline. 

Compound Molecular weight N, wt % C, wt % H, wt % S, wt % Cl, wt % 
precipitate 236* 23.35 35.60 3.95 13.15 8.0 

Pz 280 20.0 30.0 2.9 11.4 - 
Pz “base” 180 31.1 46.7 4.4 17.8 - 

Pz “base” ∙ Cl- 215.5 26.0 39.0 3.7 14.9 - 
**  0.75 0.76 0.89 0.74  

* Summary of CHNS weight content: 76.05 wt %. ** The ratio of the experimentally 
found content of C, H, N, S to the calculated one in the Pz “base”. Based on the data given 
above the molecular mass of the precipitate can be estimated as: 180/0.76=236. An estimate 
of the ratio of the ions Cl-  / ClO4- in the precipitate: Define Х as the mass ratio of the chlo-
ride anion, then  

Х*35 + (1-Х)*100 = 236-180 
44 = 65*Х 
Х = 0.68 
Therefore, if we do not consider the possibility of the formation of hydrates (∙H2O), 

the formula of the precipitate can be suggested as: Pz “base” ∙ 0.7 Cl- ∙ 0.3 ClO4- 

 

Figure S10. Pz crystallization from saturated saline solution (dissolution of Pz formulation with 
mannitol (1.00 ml aliquote; 1 vial: Pz, 7.75 mg / mannitol, 31 mg) in 3 or 5 ml of saline). Pz crystals 
precipitated during storage of the supersaturated solution are pointed by arrows. 
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