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Plant proteins as sustainable sources of biomacromolecules could be utilized as materials if proper and 

processable solvents can be identified. As an effort in searching for proper solvents for soy proteins, we 

found that Hansen solubility parameters could be used as a useful tool to predict solvent systems that are 

likely to dissolve significant amount of the plant proteins. 

Proteins mostly consist of 20 different amino acids with different 10 

side–chains in a specific sequence and possess special 

conformational structures as biomacromolecular chains. Plant 

proteins are abundant resources of biomacromolecules which are 

widely available as by-products of cooking oil productions, such 

as soy protein1 and corn zein,2 and could be the substitutes of 15 

petroleum oil based synthetic polymers.3 There are structural 

similarities between the synthetic polymers and natural proteins, 

both having long linear backbone chains with short side chains 

and consisting of smaller subunits or building blocks. However, 

major differences do exist mostly in the structural complexity of 20 

the proteins in comparison with the synthetic polymers, caused by 

the variety of the amino acids as monomeric units. Amino acids 

possessing different structural features including hydrophilic and 

hydrophobic, making the biopolymers having different 

intermolecular interactions, generate the structural complexity of 25 

the proteins, while simple repeating units in synthetic polymers 

structures constituting unique and simple interactions. 

Consequently, the aforementioned complexity of the proteins 

brings some difficulties to find an appropriate solvent to dissolve 

and process them. High concentration of chaotropic agent 30 

solutions such as 6-8 M urea or guanidine hydrochloride 

solutions can dissolve most of the proteins to certain levels.4 

Since urea and guanidine hydrochloride are solid materials, and 

they are dissolved in water, in manufacturing process after 

solidification of the protein solutions considerable amount of 35 

chaotropic agents will be left over as solids, which is even more 

than the amount of proteins by mass. Therefore, the use of the 

chaotropic agents is practically impossible in processing soy 

proteins into materials; and alternative liquids and processable 

solvents should be explored.  40 

Traditionally to find a proper solvent for a synthetic polymer 

in polymer science solubility theories5 are used. These theories 

are based on an assumption that a proper solvent should have 

same physiochemical properties with the solute. Hildebrand 

solubility parameter was established based on square root of 45 

cohesive energy density of the material known as a solubility 

parameter of that compound.6 A solvent with a same or very close 

Hildebrand solubility parameter, δ, of a solute potentially has this 

ability to dissolve the solute. Hansen further expanded this theory 

and dissociated cohesive energy density into three components, 50 

� � 	�����	��� �	�	�	, where δd is related to intermolecular dispersion 

forces, δp is corresponded with intermolecular polar interactions 

and δh is referred to intermolecular hydrogen bonding.7 Hansen 

solubility parameters (HSPs) have been widely used in polymer 

science during last several decades. HSPs of solvents and 55 

polymers can be measured or predicted.7 It is popular to predict 

HSPs of a new polymer based on the chemical structures of 

repeating units in polymer and find either a single solvent or a 

solvent system which is matched with solubility parameters of the 

polymer.  60 

Figure 1. Solvent systems distribution in HSPs space. 

 

Solubility parameter distance, 
, is another useful parameter 

to evaluate the strength of a solvent to dissolve a specific solute, 65 

and it is calculated based on differences of their partial solubility 
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parameter components as 
� � 4	��� �	����� � ��� �	����� ���	 �	�	���. HSPs were used to predict other behavior of the 

biomaterials such as gelation behavior,8 and several researches 

have been done on applications of HSPs in protein and 

biomaterials, but none of them produced any promising results.9 5 

However, these research activities provided very useful clues in 

applying the HSP in searching proper solvents for soy proteins. In 

this paper we present a new approach to find proper liquid 

solvents for making processable plant protein solutions. 

Prediction of HSPs of the proteins has been quite difficult and 10 

inaccurate to perform due to their complex structures and 

different types of intermolecular interactions involved in the 

molecules. However, due to the fact of that urea solutions are 

universal solvents of the soy proteins,10 HSPs of the urea 

solutions were calculated as representatives of the protein’s 15 

HSPs. Thus, the newly selected solvents and solvent systems will 

be calculated to match the HSPs of the urea solutions. For this 

purpose, soy proteins, glycinin11 and β-conglycinin,12 two 

purified major componenets,13 were selected as representative 

macromolecules. Organic solvents such as 2-chloroethanol, 2-20 

butanol, 1,4-dioxane, dimethyl sulfoxide (DMSO), ethanol, 2-

propanol, n-butanol, formamide, n-methylformamide, n-

methylacetamide, triethanolamine, 2-pyrrolidone, propylene 

carbonate and glycerol carbonate were selected for making 

different solvent systems based on their different HSPs and high 25 

miscibility with water as the major solvent. This wide range of 

different organic solvents provides different intermolecular 

interactions such as, polar, nonpolar, protic, aprotic, and with 

different functional groups, such as halogens, alcohols, amines, 

amides, ethers, and sulfoxides. 100 different solvent systems 30 

were prepared by mixing the listed solvents in different 

compositions (volume %) and ratios. The solvent systems 

compositions are available in †ESI. Also, urea solutions in 

different urea molarities (1-6 M with 1 M intervals) were made to 

calculate and compare their HSP values with the organic solvent 35 

systems. The soy protein solubilities in all solvents were 

measured with 2% protein content in the solutions. The solutions 

were mixed, centrifuged and the remaining protein content was 

measured by Bradford reagent.14  

40 

Figure 2. Solubility distance, R, of solvent systems. 

Figure 1 shows the HSPs of all tested solvent systems in a 

HSPs space diagram. The solvent systems with solubility higher 

than 40% for both purified soy proteins (glycinin and β-

conglycinin) were depicted by red color, while solvents systems 45 

with poor solubility (less than 40%) with black color, primary 

solvents (i.e. pure non-aqueous solvents) with purple color, urea 

solutions with green color, and water with blue color, 

respectively.  

It should be pointed out that the prediction and preparation of 50 

soy protein solvent systems by using the HPS method was 

possible since the good solvents do come very close to the 

targeted values of urea solutions, indicating the consistence with 

experimental results. But there are exceptions, and also it seems 

difficult to provide a smaller 
 to a 6 M urea solution by only 55 

using regular liquid organic solvents. One exception is water, 

which has a HSP close to the urea solutions. But pure water is not 

a perfect solvent for soy protein since it does not contain any 

hydrophobic element that can interfere with the hydrophobic area 

of the proteins. Also two other solvents (black color), though not 60 

good for dissolving the proteins, are in the same region. 

However, these exceptions can be all explained reasonably. 

 

Table 1. Solubility (%) of glycinin and β-conglycinin for good 

solvent systems. 65 

 

Figure 2 demonstrates solubility distance, 
, of the solvent 

systems and their solubility. Most of the solvents with 
 � 6 may 

have this potential to dissolve the proteins in a significant amount 

except sample numbers 113 and 114. Despite of the fact that 70 

these two solvent systems have 
 of 2.99 and 2.10, respectively, 

they demonstrated very weak solubility. These two solvent 

systems contain propylene carbonate and glycerol carbonate and 

water. Comparing the solvent compositions of the good solvent 

systems with these two solvent systems, it was found that all of 75 

others contain amine or amide groups in their chemical structures, 

including triethanolamine, 2-pyrrolidone, n-methylformamide 

and formamide, different from the solvent system numbers 113 

and 114 without any nitrogen in their structures. In fact, for a 

good solvent system in addition to have proper HSP values, the 80 

solvent should have functional groups similar to urea or peptide 

bonds, which is the basic principle in selecting solvents and also 

the foundation for the development of solubility parameters. In 

Sample No. R� Glycinin solubility 

(%) 

β-conglycinin solubility 

(%) 

108 2.58 87.38 ± 0.37 95.22 ± 0.27 

111 3.34 80.80 ± 0.41 93.51 ±  0.18 

109 3.90 68.81 ± 0.58 79.50 ± 0.38 

112 4.86 51.78 ± 0.66 69.72 ± 0.30 

102 5.13 68.91 ± 0.36 85.22 ± 0.33 

110 5.60 69.51 ± 0.59 84.21 ± 0. 21 

58 5.92 43.57 ± 0.43 64.67 ± 0.43 

99 6.41 49.01 ± 0.51 77.00 ± 0.37 

103 6.31 53.18 ± 0.60 76.97 ± 0.52 

6 M urea 0.00 86.18 ± 0.23 94.99 ± 0.29 

water 5.25 27.02 ± 0.72 55.65 ± 0.49 
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another words, these solvents should be considered at the 

beginning of testing HSPs. Thus, we believe that the Hansen 

solubility parameters (HSP), are useful in identifying potential 

solvents for biopolymers. 

To have a quantitative comparison, solubility values of the 5 

solvents for glycinin and β-conglycinin are listed in Table 1. The 

results indicate that the samples with smaller R values have 

higher capacity to dissolve proteins. In conclusion, we found that 

Hansen solubility parameters could predict solubility behavior of 

organic solvent systems for soy proteins, if the candidate solvents 10 

could meet the basic principle of structural similarity to the 

biopolymers. Thus, a solvent system with a small 
 to high 

concentration urea solutions can potentially dissolve the protein. 

It is an easy and quick method to search for potential solvents for 

proteins. 15 
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