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Editorial

Hansen Solubility Parameters: A Tool for Solvent Selection in Drugs
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Hildebrand1 defined the solubility parameter as measures 
the contribution to the solubility of the cohesive energy 
density. Then, Hildebrand solubility parameter is calculated 
from the square root of the cohesive energy density, which 
is a characteristic of the intermolecular interactions in a 
compound. Subsequently, total solubility parameter of 
Hildebrand (δT

2) was divided into the contribution of 
several partial parameters, so that they can be applied to 
polar systems. Several authors have proposed dividing the 
total solubility parameter into partial solubility parameters. 
Nevertheless, perhaps it was Hansen in 19672 who achieved 
a more exact approximation for the calculation of partial 
solubility parameters (Eq. 1).
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Eq. (1)

where, ΔE, is the vaporization energy of the compound; 
ΔEd, is the molar cohesive energy of dispersion; ΔEp, is the 
molar polar cohesive energy; ΔEh is the molar cohesive 
energy of hydrogen bonds and V is the molar volume of the 
compound, obtained using the group contribution method 
of Fedors.3

Later on, Bustamante et al.4 related the dependent 
variable ln X2 with the dispersion (δd), dipole (δp) and 
hydrogen bond (δh) parameters. Equation 2 summarizes 
this three-parameter model:

ln X2= C0 + C1δ
2

d + C2δd + C3δ
2

p + C4δp + C5δ
2

h + C6δh     
 Eq. (2)

ln X2 is experimental solubility of each drug in several 
individual solvents, and C0-6 are regression coefficients that 
are obtained by regression analysis. The partial solubility 
parameters are calculated using C0-6 obtained with the 
following expressions,4 δd = –(C2/2C1); δp = –(C4/2C3) and 
δh = –(C6/2C5).

To calculate with Eq. 2 the partial and total solubility 
parameters of drugs, a wide battery of pure solvents 
belonging to different chemical families is used,5-11 on 

the other hand, the experimental calculation of the total 
solubility parameters could be carried out with aqueous or 
non-aqueous solvent mixtures.12

The Hansen Space is a three-dimensional parameter that 
allows the coordination between the Hildebrand solubility 
parameters and ΔE; it is expressed as the ratio between the 
energy of each component and the molar volume. Each 
compound will possess a unique coordination. The closer 
two molecules are in Hansen’s space, the greater the chance 
of dissolving into each other.13 The distance parameter 
could be calculated with the Eq. 3.
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2    
 Eq. (3)

To give a more practical use to the equation 3, the radius 
of interaction, or the radius of the sphere R0, is defined 
for two compounds to know if their partial solubility 
parameters are within the dissolution range. The partial 
solubility parameters are located in the centre of the 
sphere, and a new parameter number, RED (relative 
energy difference) is defined. Giving a simple analogy for 
solubility in relativity terms, and following that RED = 
Ra/R0, it follows that, if RED < 1, the two materials will 
dissolve; if RED = 1, the materials partially dissolve; and if 
RED >1, two materials do not dissolve.

However, the three-parameter model has limitations, 
Hansen’s partial solubility parameters cannot be used 
to predict the solubility of complex molecules, or with 
high molecular weight, and these parameters are hardly 
applicable to electrolyte solutions. To solve it, Karger et 
al.14 considered the partial parameter of hydrogen bonding 
as the product of the acidic (δa) and basic (δb) partial 
parameters, depending on their ability to accept or donate 
protons (Eq. 4).

δ2
Τ= δ2

d + δ2
p + 2δaδb     

   Eq. (4)

Once more Bustamante et al.15 related the logarithm of 
the mole fraction solubility, ln X2, against the four-partial 
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solubility parameters as follows. This dependent variable 
assumes no significant changes of the thermodynamic 
activity (α) of the drug from one to another solvent from 
the model of Martin et al.,16 ln α2/U.

U is calculated using the expression V2Ø1
2/RT and it 

considers the formation of cavities in the solvent and solute-
solvent interactions, and α2 is the activity of the solute, 
defined as the ratio of the ideal (X2

i) to the experimental 
(X2) mole fraction solubility. Eq. 5 summarizes four-
parameter model:

ln X2 = C0 + C1δ
2

d + C2δd + C3δ
2

p + C4δp + C5δa + C6δb + 
C7δaδb                                                                 

       Eq. (5)

In the same way, based on the regression coefficients, the 
particulate solubility parameters can be calculated in the 
form, δd = –(C2/2C1); δp = –(C4/2C3); δa = –(C6/C7) and δb 
= –(C5/C7).

The values of dispersion parameter vary in the range 
of values 16-19 MPa1/2 because it is the interval where 
most of the values of the parameters of pure solvents are 
included. An accepted explanation is that it is a parameter 
that represents the London dispersion forces, which is 
an interaction for both polar and nonpolar molecules. 
Therefore, the rest of the parameters are the most useful 
to determine the behaviour of drugs, in relation to their 
solubility, affinity with excipients, diffusion or absorption 
through biological membranes. 

Author Contributions
The manuscript was written by MAP and FM, and 
approving the final version for submitting in journal.

Conflict of Interest
The authors report no conflicts of interest.

References
1. Hildebrand JH. Compressibilities and thermal pressure 

coefficients of certain liquids. Phys Rev. 1929;34:649-
51. doi:10.1103/PhysRev.34.649

2. Hansen CM. The three-dimensional solubility 
parameters. Key to paint component affinities. J Paint 
Technol. 1967;39:505-11.

3. Fedors RF. Method for estimating both the solubility 
parameters and molar volumes of liquids. Polym Eng 
Sci. 1974;14(2):147-54. doi:10.1002/pen.760140211

4. Bustamante P, Peña MA, Barra J. Partial-
solubility parameters of naproxen and sodium 
diclofenac. J Pharm Pharmacol. 1998;50: 975-82. 
doi:10.1111/j.2042-7158.1998.tb06911.x

5. Hossin B, Rizi K, Murdan S. Application of Hansen 
solubility parameters to predict drug-nail interactions, 
which can assist the design of nail medicines. 
Eur J Pharm Biopharm. 2016;102:32-40. doi:10.1016/j.

ejpb.2016.02.009
6. Gaikwad ER, Khabade SS, Sutar TB, Bhat MR, Payghan 

SA. Three-dimensional Hansen solubility parameters 
as predictors of miscibility in cocrystal formation. 
Asian J Pharm. 2017;11(4):302-18. 

7. Petříková E, Patera J, Gorlová O. Influence of active 
pharmaceutical ingredient structures on Hansen 
solubility parameters. Eur J Pharm Sci. 2021;167: 
106016. doi:10.1016/j.ejps.2021.106016

8. Obradović D, Andrić F, Zlatović M, Agbaba D. 
Modeling of Hansen’s solubility parameters of 
aripiprazole, ziprasidone, and their impurities: A 
nonparametric comparison of models for prediction 
of drug absorption sites. J Chemom. 2018;32(4):e2996. 
doi:10.1002/cem.2996

9. Doktorovova S, Souto EB, Silva AM. Hansen solubility 
parameters (HSP) for prescreening formulation of solid 
lipid nanoparticles (SLN): in vitro testing of curcumin-
loaded SLN in MCF-7 and BT-474 cell lines. Pharm 
Dev Technol. 2018;23(1):96-105. doi:10.1080/1083745
0.2017.1384491

10. Salem A, Nagy S, Pál S, Széchenyi A. Reliability of the 
Hansen solubility parameters as co-crystal formation 
prediction tool. Int J Pharm. 2019;558:319-27. 
doi:10.1016/j.ijpharm.2019.01.007

11. Hosseini M, Roberts MS, Aboofazeli R, Moghimi 
HR. Measurement of Hansen solubility parameters of 
third-degree burn eschar. Burns. 2022;48(4):860-71. 
doi:10.1016/j.burns.2021.07.017

12. Osorio I, Martínez F, Peña MA, Jouyban A, Acree 
Jr WE. Extended Hildebrand solubility approach 
applied to sulphadiazine in aqueous binary mixtures 
of Carbitol® and N-methyl-2-pyrrolidone at 313.15 K. 
Phys Chem Liq. 2022;60(2):165-76. doi:10.1080/00319
104.2021.1916936

13. Lara J, Zimmermann F, Drolet D, Hansen C, Chollot 
A, Monta N. The use of the Hansen solubility  
parameters in the selection of protective polymeric 
materials resistant to chemicals. Inter J Current Res. 
2017;9:47860-7.

14. Karger BL, Snyder LR, Eon C. An expanded solubility 
parameter treatment for classification and use of 
chromatographic solvents and adsorbents. Parameters 
for dispersion, dipole and hydrogen in bonding 
interactions. J Chromatogr A. 1976;125:71-88. 
doi:10.1016/s0021-9673(00)93812-3

15. Bustamante P, Peña MA, Barra J. The modified Hansen 
method to determine partial solubility parameters 
of drugs containing single hydrogen bonding group 
and their sodium derivatives: Benzoic acid/Na 
and ibuprofen/Na. Int J Pharm. 2000;194:117-24. 
doi:10.1016/s0378-5173(99)00374-9

16. Martin A, Newburger J, Adjei A. New solubility 
equation. J Pharm Sci. 1979;68(10):487-8. doi: 10.1002/
jps.2600681003


