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Organogel formation rationalized by Hansen solubility parameters: 
influence of gelator structure 
Julien Bonnet,a,b Gad Suissa,a,b Matthieu Raynala,b and Laurent Bouteillera,b * 

 

Some organic compounds form gels in liquids by forming a network of anisotropic fibres. Based on 5 

extensive solubility tests of four gelators of similar structures, and on Hansen solubility parameter 
formalism, we have probed the quantitative effect of a structural variation of the gelator structure on its 
gel formation ability. Increasing the length of an alkyl group of the gelator obviously reduces its polarity, 
which leads to a gradual shift of its solubility sphere towards lower 𝛿" and 𝛿# values. At the same time, 
its gelation sphere is shifted - to a much stronger extent - towards larger 𝛿" and 𝛿# values.  10 

 

Introduction 
Organogels are formed by dispersing a small proportion of a low 
molecular weight gelator (LMWG) in a liquid where it self-
assembles into anisotropic (usually fibrillar) structures, that form 15 

an entangled network.1,2 These gels are thermally responsive and 
show a rich variety of rheological properties going from elastic 
gels to viscoelastic solutions.3-8 Such fibrillar structures are 
highly promising candidates for a wide variety of applications.9-25 
 To date, a significant range of LMWGs are known, but most of 20 

them have been discovered by serendipity, and their gelation 
behaviour has been probed through tedious trial and error 
processes. Among the various attempts to rationalize the gelation 
ability of LMWGs, we proposed a method based on Hansen 
solubility parameters (HSP).26 We have shown that it is possible 25 

to predict the behaviour of a known LMWG in a new liquid of 
interest, if the solubility of this particular LMWG has been 
previously tested in a set of liquids enabling to identify the 
domain in Hansen space where gels are obtained (the gelation 
sphere). This approach has been tested by others and appears to 30 

be a useful data mining tool, allowing to considerably reduce the 
number of trials usually involved during the identification of a 
suitable gelator for a particular application, i.e. in a particular 
formulation.27-39 However, an obvious limitation of this approach 
is that it requires the prior synthesis and solubility testing of a 35 

potential LMWG. It would be much more useful if the concept 
could be extended to predict the gelation ability of a potential 
LMWG without having to synthesize it beforehand. While the ab 
initio prediction of gelation is currently out of reach, a significant 
step forward would be made if we could predict the gelation 40 

ability of a new (untested) compound based on gelation data 
determined on known and structurally similar compounds. This 
would enable to efficiently extend the list of LMWGs that are 
already identified. Therefore, the objective of this study is to 
investigate if it is possible to rationalize how the gelation sphere 45 

of a particular gelator is affected by small structural variations of 
the gelator (herein the length of an alkyl side chain). We expect 
that the collection of such studies will enable to propose rules on 
how to adapt a known gelator to reach gelation in a liquid of 

interest. 50 

Experimental section 
Synthesis 

The preparation and characterization of amide C12 was reported 
previously.27 Amides C4, C8 and C18 were prepared from (R)-
12-hydroxystearic acid (12-HSA) and the corresponding amine 55 

according to the following procedure. 12-HSA was recrystallized 
(mp 78.6 °C).40 To a cooled (at -5 °C) and stirred solution of 
ethyl chloroformate (2 mL, 21 mmol) in dry THF (50 mL) was 
added slowly a solution of 12-HSA (6.43 g, 21 mmol) and 
triethylamine (3 mL, 21 mmol) in dry THF (50 mL) while 60 

maintaining the temperature at -5 °C. The mixture was stirred for 
an additional 40 min. The amine (24 mmol) in 50 mL dry THF 
was added to the vigorously stirred solution at -5 °C, and the 
reaction mixture was kept at room temperature for 24 h. The 
solvent was removed under vacuum and the residue was washed 65 

successively with ethyl acetate (200 mL), 3N HCl (150 mL), 
aqueous 1M Na2CO3 (200 mL), water (250 mL) and diethyl ether 
(200 mL) and finally dried under vacuum. A white powder was 
obtained with a yield between 60 and 80%. See Supporting 
Information for the NMR (1H and 13C), FTIR and ESI-TOF 70 

characterization. 

Gel preparation 

Samples were prepared by introducing 20 mg of gelator and 1 mL 
of liquid in a screw-cap vial, heating until dissolution and leaving 
the vial to cool on the bench. After a few weeks, the aspect of the 75 

samples was noted (gel (G), solution (S) or insoluble (I)). This 
long waiting period was selected because a few samples were 
observed to evolve slowly even after one day at room 
temperature. 

Results and Discussion 80 

Various amide derivatives of (R)-12-hydroxystearic acid were 
previously reported to be efficient gelators.40 We therefore 
synthesized four potential gelators differing only in the length of 
their alkyl chain (Fig. 1) and tested their gelation ability 
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following a previously described two-step procedure.27 In the first 
step, a set of 21 liquids (Table S1) homogeneously scattered in 
Hansen space were selected to test gel formation of amides C4 to 
C18. Based on this preliminary data set, 14 of the previous 
liquids were selected and mixed together in various proportions 5 

to generate 68 liquid mixtures (Table S2) in order to better define 
the limits of the gelation domain of each LMWG. In summary, 
the solubility of each LMWG was tested in the same 89 liquids or 
liquid mixtures. Fig. 2 shows the extended gel formation data 
obtained after both steps. Qualitatively, it can be seen that liquids 10 

with a large hydrogen bonding parameter (𝛿#) and a moderate 
dipolar interaction parameter (𝛿") tend to solubilize amide C4. 
Increasing the length of the alkyl chain shifts the solubility 
domain to less polar liquids and also considerably shrinks the size 
of this solubility domain. This effect is so strong that none of the 15 

89 liquids tested could dissolve amide C18. As far as gelation is 
concerned, the trend is completely different: amides C4, C8 and 
C12 gel liquids of low hydrogen bonding parameter (𝛿#), in a 
large range of dipolar interaction parameter (𝛿"). Actually, the 
gelation domains of these three compounds look roughly similar, 20 

whereas the gelation domain for amide C18 is strongly shifted 
toward large values of dipolar interaction parameter (𝛿"). We 
analyse these data in more detail below. 

	

Fig.	1	Structure	for	LMWGs	Cn.	25 

The solubility domain 

The test liquids were initially chosen in order to determine the 
gelation domain as precisely as possible, without paying attention 
to whether the non-gelled liquids actually formed solutions or 
precipitates. Nevertheless, the data can be used, at least 30 

qualitatively, to characterize the solubility domain of amides C4 
to C12. Fig. 3 shows on the same plot all the points in Hansen 
space corresponding to the good solvents of amides C4, C8 and 
C12. It is obvious that the solubility domain is reduced on going 
from C4 to C12. Actually, we can observe that all solvents for 35 

C12 dissolve C8 and C4 and that all solvents for C8 dissolve C4. 
The number of good solvents for amides C8 and C12 is too low 
to allow the determination of the solubility sphere with a 
reasonable precision,26 therefore we chose to quantify the 
solubility domain by calculating the centroid of the solubility 40 

domain, computed as the average of the coordinates of the good 
solvents. Fig. 4 and Table S4 show that the centroid of the 
solubility domain shifts toward lower values of 𝛿# and 𝛿" and 
that 𝛿$ is little affected when the length of the alkyl chain is 
increased.41 This result is of course expected since the density of 45 

hydrogen bonding and polar groups on the amide is reduced when 
the length of the alkyl chain is increased. The centroid values are 
not supposed to be identical to the centre of the solubility sphere 
because the data points are not perfectly homogeneously spread 
over space, which results in a strong sensitivity of the centroid on 50 

the particular choice of the test liquids. For the same reason, the 
centroid value is not supposed to be identical to the solubility 
parameter of the solute, but it is still informative to compare 

them. Therefore, the solubility parameters of amides C4 to C12 
were estimated by a group contribution method42 (Table S3) and 55 

plotted on Fig. 4. The experimentally determined centroids of the 
solubility domains are shifted in the same direction as the 
calculated solubility parameters when the length of the alkyl 
chain is increased. The centre of the solubility domain thus seems 
to be directly correlated to the molecular structure of amides C4 60 

to C12. 

 
Fig. 2 Solubility data represented in Hansen space for amides C4 
to C18. Blue: gel; magenta: soluble; orange: insoluble.  
 65 

  

 
Fig.	3	Solubility	data	represented	in	Hansen	space.	The	black	

(respectively	blue	or	orange)	points	represent	the	liquids	that	dissolve	
amide	C4	(respectively	C8	or	C12).	The	graded	size	of	the	points	allows	70 

visualizing	liquids	that	dissolve	several	amides.	
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Fig.	4	Solubility	data	represented	in	Hansen	space.	The	linked	black	
(respectively	blue,	orange	or	red)	point	represents	the	calculated	

solubility	parameters	for	amide	C4	(respectively	C8,	C12	or	C18).	Each	5 

unlinked	point	represents	the	centroid	for	liquids	that	dissolve	each	
amide.	

The gelation domain 

The same approach was then followed to characterize the gelation 
domains. Fig. 5 shows on the same plot all the points in Hansen 10 

space corresponding to the liquids that are gelled by amides C4 to 
C18. While most of the liquids that are gelled by amide C4 have 
a low hydrogen bonding parameter (𝛿#	< 6 MPa0.5), the gelation 
domain for amide C8 extends to significantly larger values of 𝛿#. 
This trend is further amplified in the case of C18 that reaches 15 

liquids of very large 𝛿#	and mainly gels liquids of high 𝛿".43 
Strangely, the behaviour of amide C12 is not in line with this 
trend: the gelation domains for amides C12 and C4 are actually 
very similar. 
 In order to make these observations more quantitative, the 20 

gelation sphere of each LMWG was determined: the idea is to 
find the centre and the radius of a sphere, so that as many gelled 
liquids as possible lie inside the sphere, but as many soluble and 
insoluble samples as possible lie outside. As explained in our 
previous publication,27 this was performed with the use of HSPiP 25 

software.44 Figs. S1 to S4 show the obtained gelation spheres: the 
description of the present data by a sphere is not perfect, but still 
of practical utility. In the worst case, 13 out of the 89 test liquids 
are outliers (i.e. gels outside the sphere and non-gels inside the 
sphere). As shown in Fig. S1, it is possible to significantly 30 

improve this description by allowing a second gelation sphere. 
However, this also adds some complexity in the description of the 
data. In our hands, the use of a second gelation sphere did not 
have consequences on the final conclusions from this study, so 
that we limit the present discussion to the use of a single gelation 35 

sphere which describes well more than 85% of the data points for 

each LMWG. The centre of the gelation sphere for each amide is 
plotted on Fig. 6. 

 
Fig.	5	Gelation	data	represented	in	Hansen	space.	The	black	(respectively	40 

blue,	orange	or	red)	points	represent	the	liquids	that	are	gelled	by	amide	
C4	(respectively	C8,	C12	or	C18).	The	graded	size	of	the	points	allows	

visualizing	liquids	that	are	gelled	by	several	amides.	

 As in the previous section, the data was also described by 
calculating the centroid of the gelation domain, computed as the 45 

average of the coordinates of the gelled solvents. As explained 
before, the centroid values are not supposed to be identical to the 
centre of the gelation sphere (even if all the gelled liquids stand in 
this gelation sphere). Indeed, the data points are not perfectly 
homogeneously spread over Hansen space, so that the centroid 50 

strongly depends on the particular choice of the test liquids. 
Nevertheless, Fig. 6 shows that the centre of the gelation sphere 
and the centroid of the gelation domain are affected in the same 
general manner, which means that both approaches can be used to 
summarize the experimental data. Indeed, both approaches show 55 

(Fig. 6 and Tables S5 and S6) that the gelation domain of C18 is 
strongly shifted toward larger values of all three solubility 
parameters (𝛿$, 𝛿" and 𝛿#) compared to C4, while C8 displays 
intermediate values. This trend is however not followed by C12 
that has 𝛿" and 𝛿# values lower than those for C8. The reason for 60 

the different behaviour of amide C12 compared to the others is 
not clear. However, one possible explanation could be if the 
molecular packing within the fibres is significantly different for 
C12 compared to the others. Indeed, several crystalline packing 
modes have been reported for this family of LMWGs.40  65 

 If we now focus on the trend shown by C4, C8 and C18, it is 
interesting to notice that the gelation domain evolves in the 
opposite direction from the solubility parameters calculated from 
a group contribution method (Fig. 6). Indeed, as shown above, the 
calculated solubility parameters shift toward lower values of 𝛿# 70 

and 𝛿" when the length of the alkyl chain is increased, whereas 
gelation domain clearly shifts toward larger values of 𝛿# and 𝛿". 
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This actually makes sense: it is well known that a polar gelator 
can only gel low polarity liquids since it will dissolve in polar 
liquids. Conversely, a non-polar gelator can only gel polar 
liquids. Therefore, when the number of carbon atoms of the 
gelator is increased, the gelator becomes less polar and therefore 5 

it can gel more polar liquids. More unexpectedly, the magnitude 
of these shifts are very different: the distance between the 
gelation domains of C4 and C18 is quite large (19 MPa0.5 if it is 
measured through the centre of the gelation spheres or 8 MPa0.5 if 
it is measured through the centroid of the gelation domains) 10 

compared to the distance between the calculated solubility 
parameters of C4 and C18 (4 MPa0.5). This means that the 
structural variation of the gelator has a proportionate consequence 
on its solubility, but an amplified consequence on its gelation 
domain. 15 

 
Fig.	6	Gelation	data	represented	in	Hansen	space.	The	large	linked	black	

(respectively	blue,	orange	or	red)	point	represents	the	calculated	
solubility	parameters	for	amide	C4	(respectively	C8,	C12	or	C18).	Each	

large	unlinked	point	represents	the	centroid	for	liquids	that	are	gelled	by	20 

each	amide.	Each	small	point	represents	the	centre	of	the	gelation	
sphere	of	each	amide.	

Conclusion 

Based on extensive solubility tests of four LMWGs having very 
similar structures (which only differ by the length of their alkyl 25 

amide side chain), we have probed the quantitative effect of a 
structural variation of the gelator structure on its gel formation 
ability. Increasing the length of an alkyl group of the gelator 
obviously reduces its polarity, which leads to a gradual shift of its 
solubility sphere towards lower 𝛿" and 𝛿# values. At the same 30 

time, its gelation sphere is shifted - to a much stronger extent - 
towards larger 𝛿" and 𝛿# values. If further investigations confirm 
the generality of these observations, they could be the basis for 
the prediction of the gelation domain for a new LMWG based on 
data obtained on structurally related compounds. 35 
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