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Melting properties of amino acids and their solubility in water
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Schickb,c,e, Christoph Helda

The state-of-the-art unit operation for separation and purification of amino acids is still the crystallization, which requires 
solubility data and melting properties of pure compounds. Since measuring solubility is time-consuming, prediction tools 
are desired. Further, melting properties are not yet available due to decomposition of amino acids upon slow heating. In this 
work, melting properties of twenty amino acids (except Met) were measured by Fast Scanning Calorimetry (FSC) with heat-
ing rates up to 20,000 K·s-1. PC-SAFT was used to predict interactions in amino acid + water systems. Additionally, solubili-
ty, pH, and PXRD was measured. By combining FSC and PC-SAFT, solubility of 15 amino acids was successfully predicted in a 
wide temperature range in good agreement to the experimental data. Thus, this work provides melting properties of amino 
acids for the first time and highlights the usefulness of such data to predict material properties such as aqueous solubility of 
amino acids.
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Figure S1 Working flowsheet of this work in the cooperation of University of 
Rostock (blue) and TU Dortmund (green). 
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Figure S2 Temperature-time profile for determination of melting properties 
with fast scanning calorimetry. In heating step #5, the scanning rate, β, varied 
from 1 000 K·s-1 to 20 000 K·s-1.
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Heat capacity of pure amino acids
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Figure S3. Specific heat capacity of 20 proteinogenic amino acids determined 
experimentally with FSC (solid red lines for melting peak in heating step #5 
and solid green lines for glass transition step of ultra-fast quenched melted 
amino acids without silicon oil) and standard DSC (solid blue lines for heat 

capacity of solid, ). The melting temperature is determined as the onset  𝑐𝑝
𝑆
0𝑖

temperature of the melting peak while the melting enthalpy as area under 

the melting peak. The heat capacity of solid  and liquid  (dashed  𝑐𝑝
𝑆
0𝑖  𝑐𝑝

𝐿
0𝑖

lines respectively) were linearly fitted to . The heat capacity difference 𝑇𝑆𝐿
0𝑖

between liquid and solid phase were determined at glass transition 

temperature,  and extrapolation to melting temperature, ∆𝑐𝑝
𝑆𝐿
0𝑖(𝑇𝐺

0𝑖)

. The empty black squares are specific heat capacity of solid ∆𝑐𝑝
𝑆𝐿
0𝑖(𝑇𝑆𝐿

0𝑖)
from literatures (Gly,1 Ala,1 Val,2 Leu,2 Ile,2 Pro,3 Ser,4 Thr, Asn, Gln,5 Asp,5 Glu,5 
Arg,6 His, Lys, Phe,3 Tyr,3 Trp,3 Cys, Met7). 
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Melting temperature and melting enthalpy of pure 
amino acids
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Figure S4 Melting properties of 19 proteinogenic amino acids (except for Met) 
determined from Figure S3. Left: Onset temperature of the melting peak of 
amino acids in heating step #5, as function of scanning rates. The dashed line 
denotes linear extrapolation of melting temperatures to zero scanning rates 

 The scanning rates used were 1000 K·s-1 (black squares), ∆𝑇𝑆𝐿
0𝑖(𝛽→0)

2000 K·s-1 (red circles), 4000 K·s-1 (green up-triangles), 5000 K·s-1 (violet left-
triangles), 6000 K·s-1 (blue down-triangles), 7000 K·s-1 (orange right-
triangles), 8000 K·s-1 (cyan diamonds), 10000 K·s-1 (magenta stars), 15000 K·s-

1 (black cross squares) and 20000 K·s-1 (red cross circles). Solid symbols 
represent measurements without silicon oil, while empty symbols for 

measurements with silicon oil. Right: Enthalpy, , of amino acids in ∆𝐻𝑆𝐿
0𝑖

respect to sample mass, m0, regardless of the scanning rates. The slope of the 
linear fit through zero origin (dashed red line) signifies the melting enthalpy, 

. The , , and  for each amino acids ∆ℎ𝑆𝐿
0𝑖 𝑇𝑆𝐿

0𝑖 ∆ℎ𝑆𝐿
0𝑖 ∆𝑐𝑝

𝑆𝐿
0𝑖(𝑇𝐺

0𝑖) ∆𝑐𝑝
𝑆𝐿
0𝑖(𝑇𝑆𝐿

0𝑖)
are listed in Table 2. 
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PC-SAFT parameters of pure amino acids

In this section, the results of the pure-component parameter fitting 
are presented. In case no literature data was already available, the 

experimental data was determined in this work. The methods used 
to determine the mixture densities as well as the osmotic coefficients 
of amino acids in water are already described in previous work from 
Held, 20118 

Figure S5 Left top: Densities of Gly + water solutions vs. molality at T = 298.15 K and p = 1 atm. Solid symbols represent experimental data Yan, 19999 Right 
top: Osmotic coefficients of Gly + water solutions at T = 298.15 K and p = 1 atm. Solid symbols are experimental data Held, 20118. The lines are the respective 
PC-SAFT modeling results with parameters from Table 2. Left bottom: Activity coefficients vs. temperature diagram. Uncertainties are based on the 
uncertainties of the melting properties. Solid symbols represent experimental data.  : Lundbland10 Right bottom: Aqueous solubility as temperature vs. 

weight fraction diagram. The red area presents the solubility modeling assuming  (eq. (1)) in the range of the uncertainties of the melting properties. 𝛾𝐿
𝑖 = 1

Solid symbols represent experimental data.  : Lundbland10,  :  Amend11, The lines are the respective PC-SAFT modeling using the parameters from Table 2 
and the melting properties from Table 3  
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Figure S6 Left top: Densities of Ala + water solutions vs. molality at T = 298.15 K and p = 1 atm. Solid symbols represent experimental data Yan, 19999. Right 
top: Osmotic coefficients of Ala + water solutions at T = 298.15 K and p = 1 atm. Solid symbols are experimental data Romero, 200612. The lines are the 
respective PC-SAFT modeling results with parameters from Table 2. Left bottom: Activity coefficients vs. temperature diagram. Uncertainties are based on the 
uncertainties of the melting properties. Solid symbols represent experimental data.  Daldrup13 Right bottom: Aqueous solubility as temperature vs. weight 

fraction diagram. The red area presents the solubility modeling assuming  (eq. (1)) in the range of the uncertainties of the melting properties. Solid 𝛾𝐿
𝑖 = 1

symbols represent experimental data Ala. : Daldrup13 : Amend11, The lines are the respective PC-SAFT modeling using the parameters from Table 2 and 
the melting properties from Table 3  
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Figure S7 Left top: Densities of Val + water solutions vs. molality at T = 298.15 K and p = 1 atm. Solid symbols represent experimental data Kikuchi, 199514 Right 
top: Osmotic coefficients of Val + water solutions at T = 298.15 K and p = 1 atm. Solid symbols are experimental data Smith, 193715. The lines are the respective 
PC-SAFT modeling results with parameters from Table 2. Left bottom: Activity coefficients vs. temperature diagram. Uncertainties are based on the 
uncertainties of the melting properties. Solid symbols represent experimental data. : Lundbland10,   Right bottom: Aqueous solubility as temperature vs. 

weight fraction diagram. The red area presents the solubility modeling assuming  (eq. (1)) in the range of the uncertainties of the melting properties. 𝛾𝐿
𝑖 = 1

Solid symbols represent experimental data. : Lundbland10,   : Amend11  The lines are the respective PC-SAFT modeling using the parameters from Table 2 
and the melting properties from Table 3  
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Figure S8 Left top: Densities of Leu + water solutions vs. molality at T = 298.15 K and p = 1 atm. Solid symbols represent experimental data Yan, 19999. Right 
top: Osmotic coefficients of Leu + water solutions at T = 298.15 K and p = 1 atm. Solid symbols are experimental data Held, 20118. The lines are the respective 
PC-SAFT modeling results with parameters from Table 2. Left bottom: Activity coefficients vs. temperature diagram. Uncertainties are based on the 
uncertainties of the melting properties. Solid symbols represent experimental data.  Daldrup13, Right bottom: Aqueous solubility as temperature vs. weight 

fraction diagram. The red area presents the solubility modeling assuming  (eq. (1)) in the range of the uncertainties of the melting properties. Solid 𝛾𝐿
𝑖 = 1

symbols represent experimental data.  Daldrup13,  :  Amend11, The lines are the respective PC-SAFT modeling using the parameters from Table 2 and the 
melting properties from Table 3  
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Figure S9 Left top: Densities of Ile + water solutions vs. molality at T = 298.15 K and p = 1 atm. Solid symbols represent experimental data Dalton, 193316 Right 
top: Osmotic coefficients of Ile + water solutions at T = 298.15 K and p = 1 atm. Solid symbols are experimental data from this work. The lines are the respective 
PC-SAFT modeling results with parameters from Table 2. Left bottom: Activity coefficients vs. temperature diagram. Uncertainties are based on the 
uncertainties of the melting properties. Solid symbols represent experimental data. : Zumstein17, Right bottom: Aqueous solubility as temperature vs. weight 

fraction diagram. The red area presents the solubility modeling assuming  (eq. (1)) in the range of the uncertainties of the melting properties. Solid 𝛾𝐿
𝑖 = 1

symbols represent experimental data.  : Zumstein17,  :  Amend11, The lines are the respective PC-SAFT modeling using the parameters from Table 2 and 
the melting properties from Table 3  
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Figure S10 Left top: Densities of pro + water solutions vs. molality at T = 298.15 K and p = 1 atm. Solid symbols represent experimental data Ninni, 200118.  
Right top: Osmotic coefficients pro + water solutions at T = 298.15 K and p = 1 atm. Solid symbols are experimental data Barrett, 199819. The lines are the 
respective PC-SAFT modeling results with parameters from Table 2. Left bottom: Activity coefficients vs. temperature diagram. Uncertainties are based on the 
uncertainties of the melting properties. Solid symbols represent experimental data.  : Lundbland10 Right bottom: Aqueous solubility as temperature vs. 

weight fraction diagram. The red area presents the solubility modeling assuming  (eq. (1)) in the range of the uncertainties of the melting properties. 𝛾𝐿
𝑖 = 1

Solid symbols represent experimental data.  : Lundbland10,  :  Amend11, The lines are the respective PC-SAFT modeling using the parameters from Table 2 
and the melting properties from Table 3  
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Figure S11 Left top: Densities of Ser + water solutions vs. molality at T = 298.15 K and p = 1 atm. Solid symbols represent experimental data Yan, 19999. Right 
top: Osmotic coefficients of Ser + water solutions at T = 298.15 K and p = 1 atm. Solid symbols are experimental data Held, 20118. The lines are the respective 
PC-SAFT modeling results with parameters from Table 2. Left bottom: Activity coefficients vs. temperature diagram. Uncertainties are based on the 
uncertainties of the melting properties. Solid symbols represent experimental data.  Luk20 Right bottom: Aqueous solubility as temperature vs. weight 

fraction diagram. The red area presents the solubility modeling assuming  (eq. (1)) in the range of the uncertainties of the melting properties. Solid 𝛾𝐿
𝑖 = 1

symbols represent experimental data.  Luk20,  :  Amend11. The lines are the respective PC-SAFT modeling using the parameters from Table 2 and the 
melting properties from Table 3  
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Figure S12 Left top: Densities of Thr + water solutions vs. molality at T = 298.15 K and p = 1 atm. Solid symbols represent experimental data Yan, 19999. Right 
top: Osmotic coefficients of Thr + water solutions at T = 298.15 K and p = 1 atm. Solid symbols are experimental data Smith, 1940b21. The lines are the respective 
PC-SAFT modeling results with parameters from Table 2. Left bottom: Activity coefficients vs. temperature diagram. Uncertainties are based on the 
uncertainties of the melting properties. Solid symbols represent experimental data.  : Lundbland10 Right bottom: Aqueous solubility as temperature vs. 

weight fraction diagram. The red area presents the solubility modeling assuming  (eq. (1)) in the range of the uncertainties of the melting properties. 𝛾𝐿
𝑖 = 1

Solid symbols represent experimental data.  : Lundbland10,  :  Amend11, : Ferreira22. The lines are the respective PC-SAFT modeling using the parameters 
from Table 2 and the melting properties from Table 3  
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Figure S13 Left top: Densities of Asp + water solutions vs. molality at T = 298.15 K and p = 1 atm. Solid symbols represent experimental data from this work. 
Right top: Osmotic coefficients of Asp + water solutions at T = 298.15 K and p = 1 atm. Solid symbols are experimental data from this work. The lines are the 
respective PC-SAFT modeling results with parameters from Table 2. Left bottom: Activity coefficients vs. temperature diagram. Uncertainties are based on the 
uncertainties of the melting properties. Solid symbols represent experimental data.  Apelblat23,  Right bottom: Aqueous solubility as temperature vs. weight 

fraction diagram. The red area presents the solubility modeling assuming  (eq. (1)) in the range of the uncertainties of the melting properties. Solid 𝛾𝐿
𝑖 = 1

symbols represent experimental data.  Apelblat23, :  Amend11, The lines are the respective PC-SAFT modeling using the parameters from Table 2 and the 
melting properties from Table 3  
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Figure S14 Left top: Densities of Asn + water solutions vs. molality at T = 298.15 K and p = 1 atm. Solid symbols represent experimental data Hakin, 199524. 
Right top: Osmotic coefficients of Asn + water solutions at T = 298.15 K and p = 1 atm. Solid symbols are experimental data from this work. The lines are the 
respective PC-SAFT modeling results with parameters from Table 2. Left bottom: Activity coefficients vs. temperature diagram. Uncertainties are based on the 
uncertainties of the melting properties. Solid symbols represent experimental data.  Dalton16,  Right bottom: Aqueous solubility as temperature vs. weight 

fraction diagram. The red area presents the solubility modeling assuming  (eq. (1)) in the range of the uncertainties of the melting properties. Solid 𝛾𝐿
𝑖 = 1

symbols represent experimental data.  Dalton16,  :  Amend11, The lines are the respective PC-SAFT modeling using the parameters from Table 2 and the 
melting properties from Table 3  
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Figure S15 Left top: Densities of Glu + water solutions vs. molality at T = 298.15 K and p = 1 atm. Solid symbols represent experimental data from this work. 
Right top: Osmotic coefficients of Glu + water solutions at T = 298.15 K and p = 1 atm. Solid symbols are experimental data from this work. The lines are the 
respective PC-SAFT modeling results with parameters from Table 2. Left bottom: Activity coefficients vs. temperature diagram. Uncertainties are based on the 
uncertainties of the melting properties. Solid symbols represent experimental data.  Matsuo25,  Right bottom: Aqueous solubility as temperature vs. weight 

fraction diagram. The red area presents the solubility modeling assuming  (eq. (1)) in the range of the uncertainties of the melting properties. Solid 𝛾𝐿
𝑖 = 1

symbols represent experimental data.  Matsuo25,  :  Amend11, :  Yalkowsky26. The lines are the respective PC-SAFT modeling using the parameters from 
Table 2 and the melting properties from Table 3  
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Figure S16 Left top: Densities of Gln + water solutions vs. molality at T = 298.15 K and p = 1 atm. Solid symbols represent experimental data from this work. 
Right top: Osmotic coefficients of Gln + water solutions at T = 298.15 K and p = 1 atm. Solid symbols are experimental data from this work. The lines are the 
respective PC-SAFT modeling results with parameters from Table 2. Left bottom: Activity coefficients vs. temperature diagram. Uncertainties are based on the 
uncertainties of the melting properties. Solid symbols represent experimental data.  Yu27,  Right bottom: Aqueous solubility as temperature vs. weight 

fraction diagram. The red area presents the solubility modeling assuming  (eq. (1)) in the range of the uncertainties of the melting properties. Solid 𝛾𝐿
𝑖 = 1

symbols represent experimental data.  Yu27,  :  Amend11, :  Yalkowsky26.  The lines are the respective PC-SAFT modeling using the parameters from Table 
2 and the melting properties from Table 3  
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Figure S17 Left top: Densities of Arg + water solutions vs. molality at T = 298.15 K and p = 1 atm. Solid symbols represent experimental data Ninni, 2001,18 
Right top: Osmotic coefficients of Arg + water solutions at T = 298.15 K and p = 1 atm. Solid symbols are experimental data Bonner, 198228.The lines are the 
respective PC-SAFT modeling results with parameters from Table 2. Left bottom: Activity coefficients vs. temperature diagram. Uncertainties are based on the 
uncertainties of the melting properties. Solid symbols represent experimental data. Yalkowsky26,  Right bottom: Aqueous solubility as temperature vs. 

weight fraction diagram. The red area presents the solubility modeling assuming  (eq. (1)) in the range of the uncertainties of the melting properties. 𝛾𝐿
𝑖 = 1

Solid symbols represent experimental data. Yalkowsky26,  :  Amend11, The lines are the respective PC-SAFT modeling using the parameters from Table 2 
and the melting properties from Table 3  
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Figure S18 Left top: Densities of His + water solutions vs. molality at T = 298.15 K and p = 1 atm. Solid symbols represent experimental data Yan, 19999 Right 
top: Osmotic coefficients of His + water solutions at T = 298.15 K and p = 1 atm. Solid symbols are experimental data Tsurko, 200729. The lines are the respective 
PC-SAFT modeling results with parameters from Table 2. Left bottom: Activity coefficients vs. temperature diagram. Uncertainties are based on the 
uncertainties of the melting properties. Solid symbols represent experimental data.  Kustov30, Right bottom: Aqueous solubility as temperature vs. weight 

fraction diagram. The red area presents the solubility modeling assuming  (eq. (1)) in the range of the uncertainties of the melting properties. Solid 𝛾𝐿
𝑖 = 1

symbols represent experimental data.  Kustov30,  :  Amend11, The lines are the respective PC-SAFT modeling using the parameters from Table 2 and the 
melting properties from Table 3  



Journal Name  ARTICLE

This journal is © The Royal Society of Chemistry 20xx RSC, 2020, 00, 1-41 | 25

Please do not adjust margins

Please do not adjust margins

 

Figure S19 Left top: Densities of Lys + water solutions vs. molality at T = 298.15 K and p = 1 atm. Solid symbols represent experimental data Jolicoeur, 198631 
Right top: Osmotic coefficients of Lys + water solutions at T = 298.15 K and p = 1 atm. Solid symbols are experimental data Bonner, 198228. The lines are the 
respective PC-SAFT modeling results with parameters from Table 2. Left bottom: Activity coefficients vs. temperature diagram. Uncertainties are based on the 
uncertainties of the melting properties. Solid symbols represent experimental data.  Amend11 Right bottom: Aqueous solubility as temperature vs. weight 

fraction diagram. The red area presents the solubility modeling assuming  (eq. (1)) in the range of the uncertainties of the melting properties. Solid 𝛾𝐿
𝑖 = 1

symbols represent experimental data.  Yalkowsky26  :  Amend11, The lines are the respective PC-SAFT modeling using the parameters from Table 2 and the 
melting properties from Table 3  
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Figure S20 Left top: Densities of Phe + water solutions vs. molality at T = 298.15 K and p = 1 atm. Solid symbols represent experimental data Yan, 19999. Right 
top: Osmotic coefficients of Phe + water solutions at T = 298.15 K and p = 1 atm. Solid symbols are experimental data from this work. The lines are the 
respective PC-SAFT modeling results with parameters from Table 2. Left bottom: Activity coefficients vs. temperature diagram. Uncertainties are based on the 
uncertainties of the melting properties. Solid symbols represent experimental data.  Dalton16,  Right bottom: Aqueous solubility as temperature vs. weight 

fraction diagram. The red area presents the solubility modeling assuming  (eq. (1)) in the range of the uncertainties of the melting properties. Solid 𝛾𝐿
𝑖 = 1

symbols represent experimental data. Dalton16,  :  Amend11, The lines are the respective PC-SAFT modeling using the parameters from Table 2 and the 
melting properties from Table 3  
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Figure S21 Left top: Densities of Tyr + water solutions vs. molality at T = 298.15 K and p = 1 atm. Solid symbols represent experimental data Carter, 199632 
Right top: Osmotic coefficients of Tyr + water solutions at T = 298.15 K and p = 1 atm. The lines are the respective PC-SAFT modeling results with parameters 
from Table 2. Left bottom: Activity coefficients vs. temperature diagram. Uncertainties are based on the uncertainties of the melting properties. Solid symbols 
represent experimental data.  : Lundbland10 Right bottom: Aqueous solubility as temperature vs. weight fraction diagram. The red area presents the 

solubility modeling assuming  (eq. (1)) in the range of the uncertainties of the melting properties. Solid symbols represent experimental data. 𝛾𝐿
𝑖 = 1

Yalkowsky26,  :  Amend11,   : Lundbland10. The lines are the respective PC-SAFT modeling using the parameters from Table 2 and the melting properties 
from Table 3  
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Figure S22 Left top: Densities of Trp + water solutions vs. molality at T = 298.15 K and p = 1 atm. Solid symbols represent experimental data from this work.  
Right top: Osmotic coefficients of Trp + water solutions at T = 298.15 K and p = 1 atm. Solid symbols are experimental data from this work. The lines are the 
respective PC-SAFT modeling results with parameters from Table 2. Left bottom: Activity coefficients vs. temperature diagram. Uncertainties are based on the 
uncertainties of the melting properties. Solid symbols represent experimental data.  : Lundbland10 Right bottom: Aqueous solubility as temperature vs. 

weight fraction diagram. The red area presents the solubility modeling assuming  (eq. (1)) in the range of the uncertainties of the melting properties. 𝛾𝐿
𝑖 = 1

Solid symbols represent experimental data.  : Lundbland10,  :  Amend11, : Dalton16The lines are the respective PC-SAFT modeling using the parameters 
from Table 2 and the melting properties from Table 3  
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Figure S23 Left top: Densities of Cys + water solutions vs. molality at T = 298.15 K and p = 1 atm. Solid symbols represent experimental data Kharakoz, 198933. 
Right top: Osmotic coefficients of Cys + water solutions at T = 298.15 K and p = 1 atm. Solid symbols are experimental data from this work. The lines are the 
respective PC-SAFT modeling results with parameters from Held, 20118 Left bottom: Activity coefficients vs. temperature diagram. Uncertainties are based on 
the uncertainties of the melting properties. Solid symbols represent experimental data.  Bowden, 201834,  Right bottom: Aqueous solubility as temperature 

vs. weight fraction diagram. The red area presents the solubility modeling assuming  (eq. (1)) in the range of the uncertainties of the melting properties. 𝛾𝐿
𝑖 = 1

Solid symbols represent experimental data.  Bowden, 201834,,  :  Amend11, The lines are the respective PC-SAFT modeling using the parameters from Table 
2 and the melting properties from Table 3  



ARTICLE Journal Name

30 | RSC 2020, 00, 1-41 This journal is © The Royal Society of Chemistry 20xx

Please do not adjust margins

Please do not adjust margins

Figure S24 Left top: Densities of Met + water solutions vs. molality at T = 298.15 K and p = 1 atm. Solid symbols represent experimental data Kikuchi, 199514, 
Right top: Osmotic coefficients of Met + water solutions at T = 298.15 K and p = 1 atm. Solid symbols are experimental data from this work. The lines are the 
respective PC-SAFT modeling results with parameters from Held, 20118 Left bottom: Activity coefficients vs. temperature diagram. Uncertainties are based on 
the uncertainties of the melting properties. Solid symbols represent experimental data.  Yalkowsky26 Right bottom: Aqueous solubility as temperature vs. 

weight fraction diagram. The red area presents the solubility modeling assuming  (eq. (1)) in the range of the uncertainties of the melting properties. 𝛾𝐿
𝑖 = 1

Solid symbols represent experimental data. : Yalkowsky26 : Amend11, : Fuchs35 The lines are the respective PC-SAFT modeling using the parameters from 
Table 2 and the melting properties from Table 3  
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PXRD measurements of pure amino acids and the 
amino acids in solid phase equilibrated with saturated 
solution

Figure S25 PXRD diffractograms of the amino acids Gly (top) and Ala (bottom). 
Green line: pure component; black line: solid phase of the supersaturated 
solution at T = 298.15 K and p = 1 atm. 

Figure S26 PXRD diffractograms of the amino acids Val (Top) and Leu 
(bottom). Green line: pure component; black line: solid phase of the 
supersaturated solution at T = 298.15 K and p = 1 atm. 
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Figure S27 PXRD diffractograms of the amino acids Ile (Top) and Pro (bottom). 
Green line: pure component; black line: solid phase of the supersaturated 
solution at T = 298.15 K and p = 1 atm. Additionally for Pro two diffractograms 
from the Cambridge Crystallographic data center (CCDC) is shown. 

 

Figure S28 PXRD diffractograms of the amino acids Ser (Top) and Thr 
(bottom). Green line: pure component; black line: solid phase of the 
supersaturated solution at T = 298.15 K and p = 1 atm. Additionally for Ser 
four diffractograms from the Cambridge Crystallographic data center (CCDC) 
is shown. 
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Figure S29 PXRD diffractograms of the amino acids Asp (Top) and Asn 
(bottom). Green line: pure component; black line: solid phase of the 
supersaturated solution at T = 298.15 K and p = 1 atm.

 

Figure S30 PXRD diffractograms of the amino acids Glu (Top) and Gln 
(bottom). Green line: pure component; black line: solid phase of the 
supersaturated solution at T = 298.15 K and p = 1 atm.
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Figure S31 PXRD diffractograms of the amino acids His (Top) and Arg 
(bottom). Green line: pure component; black line: solid phase of the 
supersaturated solution at T = 298.15 K and p = 1 atm.

 

Figure S32 PXRD diffractograms of the amino acids Lys (Top) and Phe 
(bottom). Green line: pure component; black line: solid phase of the 
supersaturated solution at T = 298.15 K and p = 1 atm.
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Figure S33 PXRD diffractograms of the amino acids Tyr (Top) and Trp 
(bottom). Green line: pure component; black line: solid phase of the 
supersaturated solution at T = 298.15 K and p = 1 atm.

 

Figure S34 PXRD diffractograms of the amino acids Cys (Top) and Met 
(bottom). Green line: pure component; black line: solid phase of the 
supersaturated solution at T = 298.15 K and p = 1 atm.
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Figure S35 Temperature vs. weight fraction diagram. Solid symbols represent 
literature data. Empty circles represent the solubility measurements 
determined in this work. Solid circles represent melting temperatures 
measured in this work. Cys. : Bowden34, : Amend, 199711. Met.  : 
Yalkowsky26 : Amend11, : Fuchs35

Table S1 Substances, abbreviations, suppliers, CAS numbers and mass-specific 
purities of the reagents used in this work.
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