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1. Measuring API solubility in the polymer and the glass-transition temperature of 
the ASD 

The solubility of GRI and ITR in PVPVA and Soluplus® and the glass-transition tem-
peratures of the corresponding ASDs were measured by modulated differential scanning 
calorimetry (mDSC) using the Q2000 apparatus from TA Instruments (Eschborn, Ger-
many). The mDSC measurements were conducted with spray-dried ASDs of wAPI = 20, 40, 
60, and 80 wt.%. For each mDSC measurement, 5-10 mg of a sample was filled into a her-
metic aluminum pan, sealed with a lid, and placed in the measuring cell, which was 
purged with 50 mL/min nitrogen. The sample was equilibrated at 25 °C and then heated 
up to a temperature of 20 K above the melting temperature of the API with a heating rate 
of 1 K/min, 2 K/min, or 5 K/min and an amplitude of 0.159 K, 0.318 K, or 0.795 K, at a 
modulation period of 60 s. After keeping the temperature isothermal for 10 min, the sam-
ple was cooled down to 20 K below the glass transition temperature of the API with a 
cooling rate of 20 K/min. The temperature was again kept isothermal for 10 min and then 
the heating step was repeated (heat-cool-heat procedure). 

During the first heating step, the API recrystallized in all samples containing 80 wt.% 
and 60 wt.% API and sometimes also in those containing 40 wt.% API. In these samples, 
the melting peak was observed as an endothermic peak in the total heat flow. The offset 
of the endothermic peak was considered as the solubility temperature of the API in the 
polymer. The solubility temperature usually linearly depends on the heating rate[1]. The 
equilibrium solubility temperature was determined by extrapolating the measurement re-
sults for 1 K/min, 2 K/min, and 5 K/min to 0 K/min. In the second heating ramp, the glass-
transition temperature of the ASD was determined from the half height of the step in the 
reversing heat flow. 

2. Phase diagrams 
2.1. Calculation of the API solubility in the polymer at dry and humid conditions 

The solubility of an API in the polymer was calculated via a solid-liquid equilibrium. 
In equilibrium, the chemical potential of the crystalline API (solid phase) is equal to that 
of the amorphous API dissolved in the polymer (liquid phase). The mole-fraction solubil-
ity 𝑥஺௉ூ௅  of the API in the polymer as a function of temperature follows equation (1).[2]  

𝑥஺௉ூ௅ =  1𝛾஺௉ூ௅ 𝑒𝑥𝑝 ቆ− ∆ℎ஺௉ூௌ௅𝑅𝑇 ቈ1 − 𝑇𝑇஺௉ூௌ௅ ቉ − ∆𝑐௣,஺௉ூௌ௅𝑅 ቈ𝑙𝑛 ቆ𝑇஺௉ூௌ௅𝑇 ቇ − 𝑇஺௉ூௌ௅𝑇 + 1቉ቇ (1) 

Here ∆ℎ஺௉ூௌ௅  is the melting enthalpy, 𝑇஺௉ூௌ௅  is the melting temperature, ∆𝑐௣,஺௉ூௌ௅  is the 
difference in heat capacities of liquid and solid API, and R is the universal gas constant 
(8.314 J/mol K). Table S1 lists the melting properties of the APIs taken from literature[3]. 
The activity coefficient of the API in the liquid phase 𝛾஺௉ூ௅  was calculated using PC-SAFT. 
It considers intermolecular interactions between the API and surrounding molecules.  

The solubility of the API in the polymer is influenced by the absorption of water from 
humid air. Therefore, additional to the solid-liquid equilibrium, a vapor-liquid equilib-
rium (chemical potential of water in the air equals the one in the ASD) must be considered 
at humid conditions. As the vapor pressures of the API and the polymer are negligible 
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compared to that of water, it was assumed that the vapor-liquid equilibrium only holds 
for water (equation (2))[4–6].  𝑅𝐻 = 𝑝௪௔௧௘௥𝑝଴,௪௔௧௘௥௅௏ = 𝑥௪௔௧௘௥ ௅ ⋅ 𝛾௪௔௧௘௥௅  (2) 

RH corresponds to the ratio of the partial pressure of water 𝑝௪௔௧௘௥ and the vapor 
pressure of water 𝑝଴,௪௔௧௘௥௅௏ . The latter is a function of temperature. The vapor phase is in 
equilibrium with the liquid phase and thus RH equals the molar fraction 𝑥௪௔௧௘௥ ௅  multi-
plied with the activity coefficient 𝛾௪௔௧௘௥௅  of water in the liquid. The activity coefficient 
accounts for the intermolecular interactions among API, polymer, and water and is again 
calculated using PC-SAFT. Due to the absorption of water, the mass fraction of API and 
polymer in the ASD change. Nevertheless, the ratio of API to polymer does not change 
and remains the same as in the dry formulation 𝑤஺௉ூி  (equation (3)). 𝑤஺௉ூி =  𝑤஺௉ூ𝑤஺௉ூ + 𝑤௣௢௟௬௠௘௥ (3) 

2.2. Calculation of glass-transition temperatures 
The Gordon-Taylor equation was used to calculate the glass-transition temperature 

of the ASDs 𝑇௚஺ௌ஽ (equation (4))[7]. It is a simple mixing rule of the 𝑇௚,௜ of the pure com-
ponents i (API, polymer, water) considering their mass fractions 𝑤௜ and densities 𝜌௜. 𝑇௚,஺ௌ஽ = ∑ ௄೔ ⋅ ௪೔ ⋅ ்೒,೔೔ ∑ ௄೔ ⋅ ௪೔೔       with     𝐾௜ = ఘ೛೚೗೤೘೐ೝ ⋅ ்೒,ು೚೗೤೘೐ೝఘ೔ ⋅ ்೒,೔  (4) 

The Gordon-Taylor parameter 𝐾௜  was either calculated using the Simha-Boyer 
rule[8] (equation (4)) or fitted to experimentally data. Table S1 lists the glass-transitions 
temperatures and densities of all components investigated in this work.  

Table S1. Melting properties of GRI and ITR, the glass-transitions temperatures and amorphous 
densities of all components investigated in this work. 

 𝑇ௌ௅/ °C ∆ℎௌ௅/ kJ/mol ∆𝑐௣ௌ௅/ J/mol∙K Tg /  °C ρ/  g/cm³ 
GRI  218.02[3] 32.772[3] 93.837[3] 87.75[3] 1.42[9] 

ITR 168.75[3] 69.646[3] 177.819[3] 58.16[3] 1.27[10] 

PVPVA - - - 108.05[10] 1.19[10] 

Soluplus® - - - 68.40[11] 1.14[11] 

water     -135.15[12] 1.00 
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2.3. PC-SAFT 
PC-SAFT can be used to predict the activity coefficients needed to calculate the API 

solubility in the polymer as well as the water-sorption equilibria. The activity coefficients 
are determined by calculating the residual Helmholtz energy 𝑎௥௘௦ of a system according 
to equation [13].  

𝑎௥௘௦ =  𝑎௛௖ + 𝑎ௗ௜௦௣ + 𝑎௔௦௦௢௖ (5) 

Within PC-SAFT, molecules are considered as a repulsive (hard) chain of 𝑚௦௘௚ 
spherical segments with diameter 𝜎 . 𝑎௛௖  describes the contribution of repulsion, 
whereas 𝑎ௗ௜௦௣ is the contribution of attractive forces like van-der-Waals forces. The at-
traction potential between two molecules is characterized by the dispersion-energy pa-
rameter 𝑢/𝑘஻ (𝑘஻ being the Boltzmann constant). Three PC-SAFT pure-component pa-
rameters are required (𝑚௦௘௚ (segment number), 𝜎 (segment diameter), 𝑢/𝑘஻ (dispersion-
energy parameter)) to describe non-associating components. The contribution 𝑎௔௦௦௢௖ de-
scribes the associative forces like the formation of hydrogen bonds between associating 
molecules. These interactions are characterized by the parameters association volume 𝜅஺஻ and association energy 𝜀஺஻/𝑘஻. In the case of associating molecules, five pure-com-
ponent parameters are required (𝑚௦௘௚, 𝜎, 𝑢/𝑘஻, 𝜅஺஻ , 𝜀஺஻/𝑘஻). The pure-component pa-
rameters of all substances considered in this work are listed in Table S2. The Soluplus® 
pure-component parameters were not available so far and thus fitted to water-sorption 
isotherms and densities of Soluplus®/water and Soluplus®/acetone mixtures in this work 
(see supporting information, Figures SI2, SI3, and SI4). All other parameters were taken 
from literature. 

Table S2. PC-SAFT pure-component parameters of compounds investigated in this work.  𝑀/ 𝑚௦௘௚/𝑀/ 𝜎/ 𝑢/𝑘஻/ 𝜀஺஻/𝑘஻/ 𝜅஺஻ 𝑁௔௦௦௢௖  g/mol mol/g Å K K   GRI 352.77 0.0402[3] 3.372[3] 221.261[3] 1985.49[3] 0.02[3] 2/2 
ITR 705.63 0.0370[3] 2.166[3] 252.346[3] 1204.88[3] 0.02[3] 2/2 
PVPVA 47,000 0.0372[14] 2.947[14] 205.271[14] 0[14] 0.02[14] 472/472 
Soluplus® 118000 0.0540* 2.809* 225.000* 0* 0.02* 2486/2486 
water 18.015 0.0669[15] σwater#[15] 353.945[15) 2425.67[15] 0.0451[15] 1/1 

*this work, #σwater=2.7927+10.11 exp(-0.01775·T/K)-1.417·exp(-0.01146·T/K)[15] 
Berthelot-Lorentz mixing rules[16] were applied to calculate the dispersion energy 

and segment diameter in mixtures. The dispersion energy in a mixture was calculated 
according to (equation (6)).  

𝑢௜௝ = (1 − 𝑘௜௝)ඥ𝑢௜ ⋅ 𝑢௝ (6) 

The binary interaction parameter 𝑘௜௝ corrects the dispersion energy in binary mix-
tures and was either taken from literature or fitted to experimental data (see supporting 
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information, Figures S1, S2, S5, and S6). Cross-association among components was de-
scribed as suggested by Wolbach and Sandler[17]. All binary interaction parameters used 
in this work are given in Table S3. 

Table S3. PC-SAFT binary interaction parameters (𝒌𝒊𝒋) between compounds investigated in this 
work. 

 𝑘௜௝,௜௡௧ 

GRI / PVPVA -0.00407* 
GRI/ Soluplus® -0.00660* 
GRI/ water 0.01250* 
ITR / PVPVA -0.05050* 
ITR / Soluplus® -0.02096* 
ITR/ water 0.03550* 
water / PVPVA -0.15647# 
water / Soluplus® -0.07800* 

*this work #ref. [14]  
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3. Phase diagrams of water-free ASDs  
The measured solubilities and glass-transition temperatures of the investigated 

API/polymer combinations are shown in Figure S1. In addition, the solubility modeling 
and the modeling of the glass-transition temperature using the Gordon-Taylor equation 
are shown. For the ASDs containing ITR (ITR/Soluplus® and ITR/PVPVA), solubility data 
by Kyeremateng et al.[18] is available and is shown as well. 

 
Figure S1. Phase diagrams of water-free ASD formulations (a) ITR/Soluplus®, (b) ITR/PVPVA, (c) 
GRI/Soluplus® and (d) GRI/PVPVA. Squares and circles show solubility temperatures and the glass-
transition temperatures of the ASDs, respectively. The solid lines represent the solubility lines mod-
eled using PC-SAFT. The dashed lines represent the glass-transition temperatures modeled using 
the Gordon-Taylor equation. The diamonds are experimentally determined solubilities by Kyere-
mateng et al.[18]. 

As shown in Figure S1 the experimentally-obtained solubilities can be very precisely 
described using PC-SAFT and a binary interaction parameter kij between API and poly-
mer fitted to this data. The Gordon-Taylor equation sufficiently well describes the glass-
transition temperature. PC-SAFT extrapolations of solubility data to 25°C reveal that the 
API solubility in the polymer at ambient temperatures is low for all investigated combi-
nations. The solubility of ITR is approx. 1.04·10-2 wt.% in Soluplus® and 5.48·10-3 wt.% in 
PVPVA. The solubility of GRI in Soluplus® is approx. 4.66·10-1 wt.% and the GRI solubility 
in PVPVA is 4.90·10-1wt.%. Moreover, it can be seen from Figure S1 that all API/polymer 
combinations are supersaturated (right of the solubility line) which was intentionally se-
lected in this work to ensure API crystallization in measurable time. 
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1. Additional diagrams: 
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Figure S2. Water sorption isotherm of Soluplus at 25 °C. The Symbols present the experimentally 
obtained water sorption isotherm (light gray squares: sorption isotherm of this work, black squares: 
desorption isotherm of this work, gray circles: sorption isotherm from BASF[19] and the line pre-
sents the calculated water sorption isotherm with PC-SAFT..  
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Figure S3. Densities of Soluplus®/water mixture at 10 °C (light blue), 25 °C (orange), 40 °C (dark 
blue), 50 °C (green) and 70 °C (gray). Symbols are experimentally obtained densities, the lines are 
calculated with PC-SAFT. 
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Figure S4. Densities of Soluplus®/acetone mixture at 10 °C (light blue), 25 °C (orange), 40 °C (dark blue), 50 °C (green) and 70 °C 
(gray). Symbols are experimentally obtained densities, the lines are calculated with PC-SAFT. 

 
Figure S5. Water sorption isotherm of griseofulvin at 25 °C. The Symbols present the experimentally 
obtained water sorption isotherm (gray circles: Ozaki et at.[20], black squares: this work) and the 
line presents the calculated water sorption isotherm with PC-SAFT. 
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Figure S6. Water sorption isotherm of itraconazole at 25 °C. The Symbols present the experimentally 
obtained water sorption isotherm from Ozaki et al. [20] and the line presents the calculated water 
sorption isotherm with PC-SAFT. 
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