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Introduction 

 A gel is a semi-solid material made of at least two components, one of which is a 

liquid that are dispersed over time. It has the mechanical properties of a solid, i.e. 

maintaining its shape. 1 Gels are very diverse and are used by scientists in various 

fields like physics, chemistry, chemical engineering and biology. There are multiple 

types which depend on the presence of water, and the state of the jelly-like substance. 

A hydrosol (hydrogel) is a gel that contains water. A physical gel is one that has its 

internal 3-D network cross-linked through weak (reversible) interactions, whereas in a 

chemical gel, the cross-linkage is a result of covalent bonding. 2 Other examples of 

gels include gelatin, pectin, agar gels, 2-hydroxyethyl methacrylate ethylene glycol 

dimethacrylate copolymer swollen in water, and silica gel. 3  

An ionic liquid is a salt that usually exists as liquid at room temperature. A more 

precise definition describes it as a material composed solely of anions and cations, 

with a melting point below 100°C. 4 In general, ionic liquids consist of a salt with 

large ions and a cation with a low degree of symmetry. 5 Within all ionic liquids, the 

principal forces are Coulombic interactions between the positively charged cations 

and the negatively charged anions. Because of these interactions, ionic liquids have 

high cohesive energies, thus giving them very low vapor pressures. Besides negligible 



vapor pressure, other unique properties of ionic liquids include high ionic conductivity, 

non-flammability, wide electrochemical window, favorable solubilizing characteristics 

and good chemical and thermal stability, 2, 6, 7 all of which can be determined by the 

structure of the components that make up an ionic liquid. 2 Generally speaking, the 

physicochemical properties of a �“family�” of ionic liquids are primarily dependent 

upon the anion. However, much is still unknown about the physicochemical properties 

of ionic liquids. 2 In spite of this, the known properties of ionic liquid have already 

made them useful in the fields of electrochemistry, organic synthesis, inorganic 

synthesis and liquid�–liquid extraction processes. 8 One such application is to use ionic 

liquid to replace the conventional organic solvent used as electrolytic membranes in 

fuel cells and solar cells, which will then have an improved safety, operation 

temperature and energy efficiency. 2 The other application utilizes the ionic liquid�’s 

ability to dissolve many species to separate gases since ionic liquid can work over a 

much wider range of temperature than common solvents. In fact, because the 

properties of the ionic liquid can be changed by choosing different combinations of 

anions and cations, the potential applications of ionic liquid is nearly unlimited. 

Despite the possibility to change the properties, the problem caused by spillage 

can hardly be solved as long as the ionic liquid is still in its liquid state. Therefore, 

many studies have been carried out by scientists in the immobilization of ionic liquid. 

And the solution to this problem is an ionogel, a combination of gel and ionic liquid. 

It takes advantages from both of its parents:  shape-able, leakage-free and retaining 

most of the desired properties of ionic liquid. 



The methods obtained so far in the synthesis of ionogels can be generalized into 

three categories depending on whether the solid network is organic, inorganic, or 

hybrid organic-inorganic. Organic ionogels can be formed through low molecular 

weight gelators (LMWGs) or polymer gels. LMWGs added to a small amount of 

liquid at an elevated temperature will produce a gel after cooling. 2 Yanagida and 

co-workers synthesized ionogels from an imidazolium IL and 

N-benzyloxy-carbonyl-1-isoleucyl aminooctadecane as a gelator. 9 Hanabusa et al. 

synthesized clyclo (dipeptides) gelators that allowed a wide range of IL to form gels 

including imidazolium, pyridinium, pyrazolidinium, piperidinium, morpholinium, and 

ammonium salts. 10 Polymers can immobilize ILs by swelling a polymer in an IL or 

mixing the polymer and the IL in a co-solvent. 2 Lodge et al. synthesized a transparent 

thermoreversible ionogel by using self-assembly of tri-block copolymers that 

alternated soluble and insoluble polymer blocks. 11 For inorganic solid-like networks, 

�“bucky�” gels or silica-based ionogels can be formed. �“Bucky�” tubes are carbon 

nanotubes, consisting of a rolled-up graphene sheet with hexanonally arranged 

sp2-hybridized carbon atoms. Aida and Fukushima first ground IL and single walled 

carbon nanotubes and then centrifuged to remove excess IL, resulting in gelatinous 

material. Another method was the heating and ultrasonication of CNTs with IL at 90oC. 

Silica-based ionogels are made by dispersion of silica nanoparticles into ILs or by 

sol-gel processing. Hybrid organic-inorganic gels need more research, but the 

incorporation of inorganic nanoparticles in polymer ionogels has been widely used. 2  

Previous work done by Siobhan Deis on our project started when the gel was 



discovered accidentally when trying to produce crystals. Instead of the crystals, a 

green gel formed. After the gel was created, different techniques such as the TGA, 

DSC, and IR were used gather more information about it. One result of using these 

techniques is that when a sample gel is affected by an increase in temperature, it 

decomposes.  Also, previous researchers have shown that different transition metals 

were used. The different metals that were used were Co2+, Mn2+, Cu2+, and the 

result of these different metals was a variety of colors, but no formation of gels. Along 

with changing the transition metals the previous researchers also changed the 

lanthanides. The different lanthanides that were tested were Pr3+, Nd3+, Sm3+, Eu3+, 

Gd3+, Tb3+, and Tm3+. Sm3+, Eu3+, Gd3+ and Tb3+formed gels with different physical 

characteristics. The textures of new gels ranged from super firm gels to super soft 

gels.  

In the research we conducted, we synthesized ionogels by dissolving Gd (NO3)3, 

NiCl2, glycine and pyridine in ionic liquid. We also analyzed the thermal and chemical 

property of the gel using thermogravimetric analysis (TGA) and infrared spectroscopy 

(IR). The basic goal of our research is to obtain an efficient way of ionogel synthesis 

and to understand the characteristics of the ionogels created under different 

conditions. 

 

 

Scheme 1: Synthesis of an ionogel�



 

Figure 1: 

 

Figure 1 shows the differences between the matrices of different types of gels. The 

farthest one to left is a gel not produced with an ionic liquid while the two on the right 

are ionogels. 

 

As demonstrated by the diagrams, the black area represents the solid matrix of the 

gel while the dots represent the pores. The blue dots are drops of water in the pores of 

a normal gel while the red and yellow dots represent the cations and anions present in 

an ionogel. The green dots show the presence of metals in a metal-containing ionogel.  

Experimental 

Synthesis of gels 

A typical ionogel was synthesized by heating 10 mL (0.052 mol) of 



[EMIM][EtSO4] in a Erlenmeyer flask in a mineral oil bath. Next, 0.908 g Gd(NO3)3 · 

6H2O (0.002 mol), 2.840 g NiCl2· 6H2O (0.012 mol), 0.906 g glycine (0.012 mol), and 1 

mL pyridine (0.012 mol) were added the flask. After the contents of the solution were 

completely mixed and heated to about 40 degrees Celsius, the solution was poured 

into a bulbous-shaped flask. The flask was connected to a condenser in order to 

prevent evaporation. The temperature was then raised to about 90 degrees Celsius and 

the gel was left in the condenser for 24 hours. After disassembling the condenser, the 

gel was then placed in a suction filter and left for about an hour. A total of eight typical 

gels were synthesized.   

In order to understand which components were most important in forming the 

ionogel, four more gels were synthesized cutting each amount of reagent in half. All 

of the normal procedures were taken with the exception of the specified reagent in 

each case.  

 

Table 1: 

Reagent  Amount Typically Used Amount Used in  
Experiment 

Gd(NO3)3 6h2O 0.906 g 0.4570 g 

NiCl2 6H2O 2.840 g 1.4179 g 
Glycine 0.908 g 0.4565 g 

Pyridine 1 mL 0.5 mL 

 

Table 1 shows the amount of each reagent typically used in the synthesis of an 

ionogel and the amount of each reagent used for this experiment. 



Solubility tests of six different ionic liquids were performed with all four reagents 

typically put into a normal synthesis. The six ionic liquids were: [EMIM][EtSO4], 

[EMIM][Cl], pyridinium ethylsulfate, trihexyl phosphonium bis phosphate, trihexyl 

(tetradecyl) phosphonium chloride, ) Each reagent was added to a small amount of 

ionic liquid in a hot bath. For each soluble ionic liquid, a gel was synthesized. All of 

the procedures remained the same for the synthesis of these gels.  

Thermogravimetric analysis of samples  

Thermogravimetric analysis (TGA) of the differing lanthanide gels (Gel 1, Gel 

rho, glycine, Gel 4 matrix, Gel 4, Tb gel matrix, gel chi (terbium), ECOENG) were 

performed using a TGA Instrument Model 50 and a heating rate of 7 °C min 1 to 

550°C. The data was analyzed with TGA Universal Analysis to determine the thermal 

properties of the gels.  

IR 

IR spectra of the gel and reaction samples were run on a Nicolet 380 Infrared 

Spectrometer.  Spectra for samples of Eu gel, Gd gel, 1-ethyl-3-methylpryidinium 

ethylsulfate gel, Eu gel matrix, and glycine ethyl ester were obtained.  

Attempts at preparing the gels for DSC  

 A sample of Gel 9 was melted in a hot water bath and a drop was placed on a 

DSC plate. The gel solidified in a fridge. Next, a lid was placed on a different melted 



sample in a pan to see if it would keep out the moisture and prevent decomposition. In 

another attempt to prepare the gels for DSC, gel 1 was heated in a hot water bath and 

five capillary tubes collected the melted gel. After spending three days in the 

detonator, the gel was then taken from the tubes and an attempt was made to put it on 

the DCS pan.  

 DSC using TGA Instrument Model 10 was performed for Gel 1 at 3.C per minute 

to 75.C. The data was analyzed using TGA Universal Analysis. 

Results and Discussion 

Compare normal vs. ½ reactions 

 

Figure 2: 

 

Figure 2 shows the gels with altered contents. The identity of the gels from left to 

right are as follows: �“normal�” gel, ½ content Gd(NO3)3 6H2O gel, ½ content 

NiCl2 6H2O gel, ½ content glycine gel, ½ content pyridine gel. 

 



Only ½ NiCl2 6H2O formed a gel out of all the half reactions. However, the gel 

was really soft to the touch. The gel with half the content of Gd(NO3)3 6H2O did not 

form a gel, but was thick and moved slower than the other gels. Each gel had an 

altered color. The gel with half the amount of glycine produced the most yield while 

the half pyridine produced the smallest yield.  

A normal gel was a dark hunter green. The gel with ½ Gd(NO3)3 6H2O was a dark 

blue green. The gel that was ½ NiCl2 6H2O was a pale lime green, almost melon color. 

The ½ glycine was a normal liquid green. The ½ pyridine was a liquid dark teal green. 

The formation of the gel with ½ NiCl2 6H2O shows that in order to create a gel, the 

other components are needed in a greater amount. Also, while we test only half of 

each component, further tests can be conducted to with ¾ or another ratio of each 

component. Since the ½ Gd (NO3)3·6H2O was close to making a gel, a slight increase 

in the amount of the ½ Gd (NO3)3·6H2O, might produce a gel. However, further tests 

will be needed to see.  

 

 

 

 

 

 

 

 



Solubility tests of components in different ionic liquids 

Table 2: 

Reagent 1ethyl-3methylimidazol
ium chloride 
([EMIM][Cl]) 

Trihexyl 
Phosphonium 
Tetrafluorob-or
ate 

Trihexyl 
phosphoniu
m bis 
phosphate 

Trihexyl 
(tetradecyl) 
phosphoniu
m 
chloride 

TriHexyl  
Phosphoniu
m 
Bis Amid 

Gd(NO3

)3 
·6h2O 

soluble, no observable 
change to the liquid but 
dissolves completely 

insoluble, little 
white particles 
suspending in 
the liquid 

soluble, but 
very slow 

soluble, but 
dissolved 
very slowly 

Slightly 
dissolved, 
soluble 

NiCl2 
·6H2O 

soluble, dissolves 
completely, the liquid 
turns blue 

insoluble, little 
green particles 
suspending in 
the liquid 

soluble, but 
small 
particles 
was seen. 
Turned dark 
green/blue 

soluble, 
solution 
turned green 

slightly 
dissolved, 
but soluble 

Glycine slightly soluble, some 
glycine particles 
suspending in the liquid 

slightly soluble, 
the liquid turned 
chalky, but there 
were still some 
white particles 

Stayed on 
top of 
solution. 
Stirred in 
then 
dissolved 

soluble soluble  
slightly 
dissolved 
took lots of 
time 

Pyridin
e 

soluble soluble Two layers. 
Not very 
miscible. 
After mixed 
for an hour 
it was 
soluble. 

soluble, 
however 
unsure as to 
whether or 
not it is 
miscible; 
solutions 
separated 
(could be 
due to 
lopsided 
ratio) 

Soluble 

 

Table 2 shows the results of solubility tests on various ionic liquids. 

 



Compare normal gel vs. gels with different ionic liquids  

Gels made using different ionic liquid are filtered on different dates. The 

description below is based on observation made on 1/23/2012. 

 

Figure3: 

 

Figure 3 shows the gels synthesized using different ionic liquids. The ionic liquid in 

the gels from left to right: [EMIM][EtSO4], trihexyl phosphonium bis phosphate, 

trihexylphosphonium bis amid, 1ethyl-3methylimidazolium chloride, trihexyl 

(tetradecyl) phosphonium chloride, 1-ethyl-3-methylpyridinium ethyl sulfate. 

 

 

 

 

 

 



Table 3: 

Ionic 
Liquid 

Trihexyl 
phosphoni
um bis 
phosphate

Trihexyl 
phosphoniu
mbis amid 

1ethyl-3methylimida
zolium chloride 

Trihexyl 
(tetradecy
l) 
phosphoni
um 
chloride 

1-ethyl-3-methylpyri
dinium ethyl sulfate 

Date 
Filtered 

1/18/2012 1/17/2012 1/23/2012 1/10/12 1/18/12 

Descript
ion 

Thin lime 
green line 
cloudy gel 
formed 

Clear cloudy 
liquid, no gel 
formed 

Dark teal blue, lots of 
liquid 
Shiny 

Pale Lime 
green, 
shiny light 
yellow 
tints 

Dark green, with 
black tent 

 

Table 3 shows the basic information of the gels we made using different ionic liquids. 

 

Result of attempts to prepare gels for DSC tests 

 The first attempt at melting the gels and placing them on DSC pans in the 

refrigerator was unsuccessful because the gel decomposed in the presence of 

condensation created by the colder temperature. This result was consistent even with a 

lid covering the pan.  

 In the subsequent attempt using the capillary tubes, the gel was extremely 

difficult to remove from the tube because it solidified back into a gel within the tube 

and stuck to the side of the tube.  

 

 

 



IR 

Figure 4: 

 

Figure 4 shows the IRs of the normal gel and the gel made using half the amount of 

Gd(NO3)3 6H2O. The blue curve is the graph of the normal gel, whereas the red curve 

is the graph of the gel made using ½ Gd(NO3)3 6H2O. 

 

Figure 5: 

 

Figure 5 shows the IRs of the normal gel and the gel made using half the amount of 

NiCl2 6H2O. The blue curve is the graph of the normal gel, whereas the red curve is 

the graph of the gel made using ½ NiCl2 6H2O. 



Figure 6 

 

Figure 6 shows the IRs of the normal gel and the gel made using half the amount of 

glycine. The blue curve is the graph of the normal gel, whereas the red curve is the 

graph of the gel made using ½ glycine. 

 

Figure 7: 

 

Figure 7 shows the IRs of the normal gel and the gel made using half the amount of 

pyridine. The blue curve is the graph of the normal gel, whereas the red curve is the 

graph of the gel made using ½ pyridine. 



Conclusion and Future Work 

Over the three weeks that we worked on this research we learned how to make 

gels, run TGA, DSC, and IR, and other material that was based on research that had 

been carried out before us. Based on these skills we obtain we then created our own 

gels changing different variables. Based on these variables we were able to determine 

what type of ionic liquids could produce a gel. Also we were able to help narrow 

down which component is needed in a greater abundance than the rest. While further 

research is needed to determine more exact amounts of the different components need 

for the synthesis of a gel, we believe that our research has helped narrow down some 

of the options. We hope that after further tests on gels with different ionic liquids and 

different amounts of the components of the gel, the properties and abilities of the gel 

will be better understood.   
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