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CHAPTER 1 

INTRODUCTION 

1.1 Gelators and Gels Overview 

1.1.1 Gelators 

Gelators are materials that are capable of turning a liquid solvent into a “solid-like” 

substance by entrapping and immobilizing
[1]

 the solvent molecules at macroscopic level. They 

can be classified as either polymeric (macromolecular) gelators or low molecular weight gelators 

(LMWGs), with the former having molecular weights greater than 10,000 Daltons and the latter 

having molecular weights less than 10,000 Daltons. In order to entrap and immobilize the solvent 

pool, gelators must aggregate to form a 3D network, which restricts solvent flow in steady-

state.
[2-6] 

The formation of 3D network from both polymeric gelator (A) and LMWG (B) is 

illustrated in Figure 1.
[1-6]

 

 

Figure 1. Illustration of 3D fibrous network formation: (A) long fibrous, polymeric chains used directly to form the 

3D network; and (B) LMWGs used to first undergo self-assembly to form the necessary long fibrous strands, which 

then form the 3D network. 
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The majority of gelators, especially those used commercially, belong to the polymeric 

class. Gels formed from polymeric gelators have been known for centuries and have applications 

in various sectors of life including food, medicine, cosmetics and materials science.
[7,8]

 Such 

polymeric gelators could be natural-based polymers or synthetic-based polymers.
[7,8]

 

Selected examples of natural- and synthetic-based polymeric gelators are shown in 

Figure 2. Natural-based gelators include starch, pectin, agarose and gelatin, whereas synthetic-

based ones include sodium polyacrylate, polyacrylamide and polyvinyl chloride (PVC).
[9-12] 

 

Figure 2. Structures of some polymeric gelators: (A) naturally derived polymeric gelators and (B) synthetically 

derived polymeric gelators. 

Both starch and pectin are derived from carbohydrates; the former is a simple 

polysaccharide of glucose subunits with α-1,4-glycosidic linkages (as opposed to β-1,4-

glycosidic linkages in cellulose), whereas the latter is a complex polysaccharide 

(heteropolysaccharide) with partially esterified (mainly with methanol) D-galacturonic acid 

moieties in a α-(1,4)-chain. Starch is commonly used to improve consistency and texture in many 

(i) starch (amylose)
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food items (especially frozen ones) through pasting and gelling. It has two main groups: amylose 

is linear while amylopectin branches off approximately every 30 glucose subunits; the branches 

are formed by α-1,6-glycosidic linkages.
[9]

 Pectin is used in the manufacture of semi-solid 

products such as jams. It is commonly obtained from citrus peels, beneath the rind, and the 

residue of apples after they are squeezed for juice. It is referred to as high or low methylester 

pectin depending on whether the extent of esterification is greater or less than 50% respectively. 

Agarose is a polysaccharide of galactose subunits, or more specifically, a polymer of 

agarobiose disaccharide (1,3-linked β-D-galactose and 1,4-linked 3,6-anhydro-α-L-galactose). It 

is found in the cell walls of numerous species of seaweed, e.g. red algae. The lab agar is a gel of 

agarose, which has a gelatinous look after dissolving (in water), boiling and cooling. Agar is 

mainly used for culturing microbes but also, less commonly, for thickening soups and sauces, 

and in jellies, ice cream and cosmetics.
[10] 

Gelatin is a denatured collagen and thus is a polymer composed of amino acid 

residues.
[11]

 Collagen is commonly obtained from the skin and bones of pigs and cows, but can 

also be from the skin and scales of fish.
[12]

 The collagen is denatured to obtain gelatin by base or 

acid hydrolysis mainly at the proline location. Gelatin is used as gelling or binding agents in 

many areas such as food, drug and cosmetics.
[11,12]

 

Another interesting class of natural polymeric gelators is mucin. Mucins are made up of 

glycoproteins.
[13,14]

 They are used in humans and other vertebrates to form mucus (a gel), which 

coats the epithelial surfaces and the internal ducts,
[15]

 and in other animals to serve as gelling 

agents.
[14]

 The slug’s mucin is stored in its body in an extremely compact form, which, upon 

secretion out of the body, swells more than 1000 times with water and enables the slug to keep 

water and maintain the moist environment essential for survival. The slug’s ability to store the 
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highly compact mucin in the body full of water is due to the high concentration of calcium 

around the mucin in the body.
[13]

 Similarly, mucin is used in other organisms such the Japanese 

eight-eyed eels,
[13]

 and the Chinese swiftlets,
[14] 

which use salivery mucins to cement their 

nests.
[13-15]

 

Sodium polyacrylate and polyacrylamide are superabsorbents, which are capable of 

forming loosely crosslinked hydrophilic polymeric 3D networks that can swell, absorb and retain 

a large volume of water relative to their weights, resulting in a hydrogel.
[16,17]

 Owing to the water 

absorbing characteristics, such acrylic acid and acrylamide super-absorbents have many 

applications such as moisture sensors, fire protection materials, hygienic products (e.g. 

disposable diapers, feminine napkins and absorbent pads), in agriculture and horticulture (e.g. 

reducing irrigation water run-off and improving fertilizer retention in soil), and as drug-delivery 

systems.
[18] 

PVC is polymer of vinyl chloride subunits. It can form a 3D network in solution that is 

physically cross-linked and results in thermoreversible gels.
[19,20]

 

1.1.2 Gels 

Gelators are used to obtain gels via the process of gelation, which is essentially the use of 

a minute quantity of gelator to convert a solvent into a coherent and soft “solid-like” substance 

known as a gel. Hence, a gel is a two-component, viscoelastic material,
[21]

 whose softness and 

deformation ability while still being “solid-like” can be contrasted with the dryness and hardness 

of most industrial materials like metals, ceramics and plastics.
[22]

 This viscoelastic nature is a 

result of the large pool of solvent molecules being locked in the interstitial spaces within the very 

high surface area of the solid 3D matrix.
[21,22]
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Figure 3. Jam: a gel 

derived from pectin. 

Organisms are mostly composed of gels. Besides the bones, teeth, nails, and outer layers 

of the skin, the mammalian tissue is mostly an aqueous gel comprised mainly protein and 

polysaccharide matrices. This ensures the mobility of substances with ease, efficiency and 

effectiveness within the organism, while maintaining the structural integrity of the internal 

environment.
[22,23]

 

Like a gelator, a gel can be classified as a polymeric gel or a molecular gel depending on 

whether the 3D network is composed of polymers or LMWGs 

respectively. However, all commercially available gels belong to the 

polymeric gel class, which finds uses in materials like soaps, shampoo, 

toothpaste, hair gel, cosmetics, contact lenses, gel pens,
 [20,21]

 and 

transportable soil slurries via pipes.
[24]

 Jam (Figure 3) is an example of 

a gel derived from the natural polymeric gelator pectin. 

Gels are also used instead of water to mix with concrete powder because mixing two 

“solid” substances is much easier, requires less water, and leads to a homogeneous mixture, none 

of which is the case when mixing a liquid and a solid. After vigorous mixing, the gel gradually 

contracts due to pH change, squeezing out water into the concrete powder evenly, hence, a 

concrete with an extremely high density can be obtained, with hardness and strength analogous 

to those of a rock.
[13]

 

1.1.3 Classifications of Gels 

Gels can be classified in several ways other than just being polymeric or molecular.  

Based on solvent or medium, gels can be classified into organogels, ones formed from organic 

solvents, and hydrogels, ones formed from water (Figure 4).
[21]
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Based on their source, gels can be classified into natural gels and artificial (synthetic) 

gels. Based on constitution, artificial gels can be further classified into macromolecular 

(polymeric) gels and molecular gels. Finally, based on the interactions within the 3D network, 

macromolecular gels can be subdivided into chemically cross-linked gels and physically cross-

linked gels, whereas the molecular gels are normally physically cross-linked (Figure 4). Gels 

formed by chemical cross-linking (strong covalent bond) cannot be redissolved and are not 

thermoreversible, whereas gels formed by physical interaction (weak noncovalent interactions) 

can be redissolved and are thermoreversible.
[21] 

 

Figure 4. Classification of gels.
[21]
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Figure 5. Representation of 

conventional amphiphile. 

1.2 Amphiphiles, Hierarchical Structures and Packing-Parameter Dependence 

1.2.1 Amphiphiles 

LMWGs, unlike polymeric gelators, belong to a category of 

organic molecules known as amphiphiles. The word amphiphile has 

the Greek roots “amphi-,” meaning “both” and “-philos,” meaning 

“lover” or “one having an affinity for.”
[24,25]

 An amphiphile is a 

molecule with both a water-loving part (hydrophilic head group) 

and a oil-loving part (hydrophobic tail group) (Figure 5). Examples 

of amphiphiles include gelators, surfactants, detergent, lipid, soap and bile acids/salts. An 

amphiphile may be a conventional amphiphile with one polar head and one nonpolar tail, a 

bolaamphiphile
[26]

 with two polar heads and one  nonpolar middle section, or a gemini 

surfactant
[27,28]

 with a polar middle section and two nonpolar tails.
[24-28]

 

1.2.2 Hierarchical Structures of Amphiphiles in Solution 

One similarity among amphiphiles is that, depending on the environment and external 

stimuli, they tend to exhibit “a sense of direction” (anisotropy) instead of “a sense of idleness” 

(isotropy). Amphiphiles have the tendency to organize in a specific orientation due to their dual 

nature that renders them not totally at ease in any given solvent. Depending on the polarity of the 

solvent they are placed in, either the hydrophilic parts or hydrophobic parts of the molecules tend 

to reduce contact with the solvent as much as possible by aggregating together
[27]

 via either 

hydrophiphilic or hydrophobic interactions, in a bid to minimize the free energy (or maximize 

entropy) of the system.
[25]

 Thus, in a polar solvent like water, the primary driving force for 

aggregation is hydrophobic forces, whereas in nonpolar solvents like organic solvents, the 



Chapter 1: Introduction 

8 

primary driving force is hydrogen bonding.
[29]

 Consequently, in cell membranes, the amphiphilic 

lipid molecules orient themselves to form lipid bilayers; in electronics, the amphiphiles orient to 

form liquid crystals (LCs); in the small intestines, amphiphilic bile acid salts orient themselves 

into micelles to form emulsions that aid in fat digestion; and in molecular gels, the amphiphilic 

molecules orient to form a continuous 3D matrix that stops the flow of the solvent molecules at 

macroscopic level.
[25,29,30] 

The self-assembly manifested by amphiphiles in solution is hierarchical in nature. At 

very low concentrations of polar solvents like water, morphologies down the hierarchical ladder 

such as micelles and vesicles may form, which, at higher concentrations, give way to hierarchical 

morphologies such as cylinders and lamellae. At even higher concentrations, hierarchical 

morphologies such as ribbons, tubes and fibers are formed (Figure 6).
[30]

 

For analogous concentrations in nonpolar solvents, the reverse of these morphologies, for 

instance reverse micelles and reverse vesicles instead of micelle and vesicle, are formed.
[29] 

 

Figure 6. Selected possible hierarchical structures of amphiphiles in aqueous solution.
[30]
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1.2.3 Packing-Parameter-Dependence of Structural Type 

What evokes the amphiphilic molecules to prefer one morphology to another, e.g. a 

micelle to a vesicle?  According to Israelachvili
[31]

 and Weiss,
[24]

 the packing parameter, which is 

closely related to molecular structure, is one of the most important parameters that predict the 

morphology of amphiphilic aggregates. To a lesser degree, it is also related to other 

environmental/external parameters such as temperature, pH, molecular concentrations and 

salinity. Furthermore, it assumes the molecules to be symmetrical in shape and, hence, is only 

useful to conceptually describe the general morphologies of different families of molecules in 

solution, but not very much so for specific molecules.
[24,31]

 

The packing parameter, p, is expressed as p = v/a0 l, where a0 is the area of the head 

group, l the effective length of the hydrophobic chain, and v the volume of the hydrophobic 

chains(s).
[24,31]

 

 

Figure 7. Packing parameter of amphiphiles as defined by Weiss
[24]

 and Israelachvili:
[31]

 (A) packing parameter 

expression, and (B) representative packing parameter values and corresponding hierarchical morphologies. 
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1.3 Low Molecular Weight Gelators and Molecular Gels 

1.3.1 Low Molecular Weight Molecular Gelators 

As previously mentioned (Figure 1b), LMWGs are very small organic molecules, hence, 

necessitating the need for them to self-assemble via non-covalent interactions (Figure 8) such as 

H-bonding, π-π stacking, donor–acceptor interactions, metal coordination, solvophobic forces 

(hydrophobic forces for gelators in water) and van der Waals interactions to form higher 

hierarchical morphologies like fibers.
[32]

 These “polymer-like” fibers subsequently entangle and 

physically cross-link to form a 3D network known as a Self-Assembled Fibrillar Network 

(SAFIN).
[33,34]

 Due to the non-covalent nature of the forces holding the gelators together, just 

like an enzyme holding a substrate, LMWGs
[35]

 and the gels
[21]

 derived from them are referred to 

as supramolecular in the strictest sense.
[21,31-35]

 

 

Figure 8. Some weak intermolecular forces.
 

The first discovery of LMWGs could be traced back to more than fifty years ago, with 

the vast majority of them being discovered serendipitously.
[36]

 Since then, several LMWGs have 

been discovered or synthesized. Those capable of gelling water are less common as water usually 

competes for hydrogen-bonding sites, the major associative element in organogelation.
[36] 

Based on structure, classifications of LMWGs include urea derivatives, amino acid 

derivatives, saccharide derivatives, cholesterol derivatives, and multi-component gelators.
[37]
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According to KaiQiang et al.,
[37]

 the cholesterol-based LMWGs have attracted considerable 

attention mainly due to the unique structure and biocompatibility of cholesterol. The skeleton of 

cholesterol is rigid and flat, enabling these compounds to self-associate directionally via the 

relatively strong van der Waals interactions in polar and nonpolar solvents.
[37]

 

1.3.2 Molecular Gels 

Gels obtained from LMWGs are referred to as supramolecular gels, or simply molecular 

gels.
[24,30]

 They could be organogels or hydrogels depending on whether they are formed with 

organic or aqueous solvents respectively. A molecular gel is thermoreversible as it is held 

together by non-covalent, weak intermolecular interactions.
[26,31]

 

As noted by Estroff et al.,
[30]

 understanding the mechanism of molecular gel formation is 

simplified by dividing a gel into a primary (Å to nm scale), secondary (nm- to μm scale), and 

tertiary (μm- to mm scale) structures, in an analogous fashion as in protein (Figure 9).
[30] 

 

Figure 9. The primary, secondary, and tertiary structure of a self-assembled physical gel.
[30] 

The primary structure is established by the anisotropic association of the LMWGs into 

one or two dimensions as a result of the molecular level recognitions among the LMWGs. Thus, 

the first daunting task entails designing low molecular weight amphiphiles capable of self-
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recognition and subsequent assembly into any of the various hierarchical morphologies in 

organic or aqueous solvents.
[30]

 

The secondary structure entails the shape of the aggregates such as micelles, vesicles, 

fibers, ribbons, or sheets (section 1.2.2). The observed secondary structure may be: monolayered 

structures like micelles, disks/cylindrical micelles and rods; or bilayered structures like vesicles, 

tubes, lamellae, and ribbons (Figure 6); or simply amorphous or crystalline precipitates. In an 

aqueous solvent, secondary structures like micelles that have formed above the CMC may be 

transformed into ellipsoidal micelles at little higher concentrations, and eventually into rod and 

fibers at even higher concentrations.
[30]

 

The tertiary structure of a gel results from the interaction of individual secondary 

aggregates to form a SAFIN that is capable of immobilizing the solvent. The transition from 

secondary to tertiary structure is governed by the type of interactions that occurs among the 

fibers, which include either physical branching, entanglement, or both. Generally, long, thin, 

flexible fibers are better than shorter fibers to forming continuous 3D networks that trap the 

solvent, leading to gelation.
 [30]

 

1.3.3 Application and Advantages of Molecular Gels 

1. Thermoreversiblility and Stimuli Responsiveness: Unlike polymeric gels, the 3D 

network (SAFIN) of molecular gels results from purely non-covalent self-assembly of LMWGs 

and, hence, the 3D network can be fully disrupted in response to temperature change, making the 

gel thermoreversible.
[38] 

Likewise, molecular gels can be designed to undergo a gel-to-sol transition in response to 

changes in other parameters such as light,
[39]

 pH
[40]

 and chemicals. Murata et al.
[39] 

showed the 
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photo-responsiveness of a gel prepared from a gelator consisting of cholesteryl moiety attached 

to chromophore (Figure 10) in n-butanol. The gels underwent gel-to-sol transition reversibly 

upon irradiation with lights of different wavelengths. Irradiation with UV or visible light 

respectively induces photoisomerization to the “cis” or “trans” isomer, which led to transition to 

the “sol” or the gel form respectively. 

 

Figure 10. A gelator derived from a cholesteryl unit attached to a chromophore.
[39] 

2. Property Magnification: Via assembly, just as their tiny sizes, the molecular-level 

property on these small molecules is magnified to give rise to a more conspicuous information at 

the macroscopic level in a spectacular way.
[40]

 Hence, by controlling the organization of 

supramolecular structures, specific physical and/or chemical properties may be expressed at the 

macroscopic level.
[40]

 

3. Diversity and Versatility: The huge diversity of molecular gels is due to the abundance 

of small organic compounds with a wide range of functional groups that are used as starting 

materials for the synthesis of LMWGs. Furthermore, according to Jung et al.,
[41]

 the versality of 

gel functions in both microscopic and macroscopic scale is responsible for the potential 

commercial use of molecular gels such as  in foods, deodorants, cosmetics, athletic shoes, and 

chromatography. The growing interest in these gels is related to the growing feasibility to modify 

and tailor-make numerous functionalities at molecular level.
[42]
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Additionally, the ability of the SAFIN to be repeatedly dismantled and reformed by 

rearranging the LMWGs differently, due to the weak interactions holding the LMWGs together 

within the SAFIN, makes molecular gels very versatile.
[30,43]

 

4. Biocompatibility and Biodegradability: The utility of biobased materials such as amino 

acids, sugars and fatty acids as starting materials make molecular gels biocompatible, whereas 

the utility of weak covalent bonds such as ester bonds in synthesizing the LMWGs makes 

molecular gels easily biodegradable unlike their polymeric counterparts where strong C–C 

covalent bonds are usually utilized. The biocompatibility and biodegradability of molecular gels 

make them ideal contenders for in vivo applications such as drug-delivery and products intended 

for oral use.
[44] 

The merit of using biobased gelators to give oil-based foods a desirable texture by turning the 

oil into a solid-like organogel is two-fold: (a) the added biobased gelator is biocompatible and 

biodegradable, and hence non-cytotoxic; and (b) the oil is modified only physically and not 

chemically. On the contrary, the current hydrogenation method alters the chemical properties of 

the oil and has problems that include being costly and resulting in saturated and trans-

unsaturated oils, which are implicated in health problems like cardiovascular complications, 

inflammation, oxidative stress, endothelial dysfunction, increased insulin resistance, and cancer. 

[45,46]
 

5. Sustainability: Three factors render molecular gels to be highly sustainable in contrast 

to their polymeric counterparts (Figure 11). (1) The use of renewable natural resources like 

amino acids, sugars and fatty acids  (the biorefinery concept) instead of non-renewable fossil fuel 

(the petroleum refinery concept) as starting materials ensures molecular gels to be sustainable.
[47]

 

(2) Merely held together by non-covalent, weak forces, the gel could easily be disassembled to 
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Figure 12. Sucralose and its sources. 

 

generate the gelators back. (3) The relatively weak covalent bonds like ester and amide bonds in 

molecular gelators are susceptible to hydrolysis and other solvolytic process, which facilitate the 

regeneration of the starting small organic molecules upon gelator degradation. On the contrary, 

polymeric fibers are usually linked via carbon-carbon bonds and cross-links, which makes 

degradation difficult, and even in the event of degradation, the degradation products are usually 

oligomers of various sizes instead of the starting monomers.
[24,30,47]

 

 

Figure 11. Distinction between polymeric and molecular gels based on sustainability. 
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developing soft materials from resources derived from naturally occurring, renewable small 

organic molecules.
[48-51]

 Sucralose is the major component of SPLEDA and commercially 

synthesized from sucrose, which is mainly obtained from sugar cane (Figure 12). The precursory 

sugar cane is abundant due to it being grown in the tropics where its needed sunlight and water 

are abundant.
[52,53]

 Sucralose’s IUPAC name is 1,6-dichloro-1,6-dideoxy-β-D- fructofuranosyl-

4-chloro-4-deoxy-α-D-glactopyranoside. For sake of convenience, its common name, 

sucralose, is used hereafter. 

Unique Features of Sucralose: The interest in sucralose has stemmed from some of its 

unique features. Due to the main difference of three OH groups in sucrose being replaced by 

three chlorine groups in sucralose, sucralose is not metabolized by enzymes in the body 

(noncaloric)
[54,55]

 thereby making it safe especially for diabetic patients. For the same reason, it 

does not support bacterial growth in the mouth, hence not causing tooth-decay 

(noncariogenic),
[50,52]

 and advantageous in making food products such as candies for children. 

Due to the same structural difference, it is also 600 times sweeter than sucrose.
[54,56-58]

 

Aim of Study: We hereby present the synthesis of hydrogelators from sucralose by 

systematically synthesizing various derivatives and testing and analyzing their hydrogelation 

tendency. Our endeavor aims at better understanding the chemistry of sucralose as well as 

opening a path towards the development of novel sucralose-based hydrogelators. These gelators 

would be an ideal contender for applications such as drug delivery for hydrophobic drugs and 

gelling agent for liquid food products without concerns over the metabolism of the gelator 

and/or its by-products in sugar-intolerant patients.
[59-64]
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1.4.2 Synthesis of Sucralose-Based LMWGs 

The synthesis of the sucralose-based LMWG from the sucralose precursor followed the 

same basic concept as with the synthesis of any amphiphilic molecule; it was designed to have a 

distinct polar head and a distinct nonpolar tail (Figure 2 & Scheme 1).
[65]

 The sucralose being 

already polar, the goal entailed attaching a non-polar alkyl chain. This was carried out by using 

conventional chemical synthesis. A series of amphiphiles with varying degrees of 

hydrophilic/hydrophilic balance was synthesized and then tested for their gelation tendency and 

efficiency in various solvents. 

 

Scheme 1. General representation for the construction of sucralose-based LMWG from sucralose and an acyl chain. 

 

+

hydrophobic tail
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CHAPTER 2 

TECHNIQUES AND METHODS DESCRIPTION 

2.1 Synthetic Protocol and Characterization Techniques 

2.1.1 Synthesis and Purification 

To a cold solution of sucralose in dry THF (15 mL to 1 mole sugar ratio), TEA (1:1 mole 

ratio to sugar) was added and stirred under nitrogen atmosphere at around -5 to -10 °C. To the 

stirred solution, acyl chloride (1:1 mole ratio to sugar) dissolved in dry THF (6 mL to 1 mole 

sugar ratio) was added dropwise. After completion of acyl chloride addition for about 10 min, 

the resultant solution was stirred at room temperature for about 4 h. 

Thin layer chromatography (TLC) (10% methanol in chloroform eluent) was routinely 

used to monitor the extent of reaction, number of components in the reaction mixture and the 

purity of the crude product after work-up. 

After completion of reaction, as confirmed by TLC, the reaction mixture was poured into 

ice water (100 mL) and stirred for about 5 min. A white solid was formed, which was vacuum-

filtered and isolated from the aqueous solution as a solid crude product. When the product was 

not completely insoluble in water, solvent/solvent extraction was performed using water and 

chloroform. Any impure crude product was purified using flash column chromatography. Silica 

gel (size 100 - 200 mesh) was used. The eluent was 50% ethyl acetate in hexane, which was 

gradually increased by 20% increments until 90% ethyl acetate in hexane was reached. 
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2.1.2 Nuclear Magnet Resonance (NMR) 

1
H- and 

13
C-NMR recordings were made using the Varian Mercury 300 MHz NMR 

Spectrometer. All samples were prepared by dissolving 10 mg for 
1
H-NMR and 30 mg for 

13
C-

NMR of the amphiphile in 500 μL DMSO-d6. 

2.1.3 Mass Spectrometry (MS) 

MS data for the amphiphiles were recorded using a Waters Micromass LCT Time-of-

Flight (TOF) Mass Spectrometer. Samples were prepared by dissolving 0.8 mg of the 

amphiphiles in 50 μL of chloroform/methanol mixture. 

2.1.4 Infrared Spectroscopy (IR) 

IR spectra measurements were performed using a Nicolet 380 FT-IR Spectrometer (from 

Thermo Scientific). Samples were placed onto the crystal diamond and analyzed using the ATR 

mode, ensuring that the crystal was cleaned with ethanol prior to each sample placement. The IR 

spectra were generated using Microsoft Excel. 

2.1.5 Melting Point (Mp) Determination 

Melting points of the amphiphiles were determined using a Mel-Temp Apparatus. Each 

sample was ground using a mortar and pestle, and a small quantity of the fine powder placed at 

the bottom of a Mel-Temp capillary tube for melting point measurement. 

2.1.6 Elemental Analysis 

Elemental Analysis was performed by Atlantic Microlab in Norcross, Georgia  
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2.2 Gelation and Morphological Studies 

2.2.1 Gelation Test 

Usually, a gel is prepared by dissolving a minute quantity (usually 5% or less wt/v) of the 

amphiphile in a solvent via heating to disperse the amphiphiles at molecular level. Upon cooling 

this mixture, the SAFIN formed by the anisotropic self-association of the amphiphiles entraps 

and immobilizes the entire volume of the solvent. The immobilized state is customarily verified 

by inverting the test tube upside down; if this two-component-system holds its own weight under 

the pull of gravity, then a gel has formed (Scheme 2).
[27-30] 

 

Scheme 2. Gel preparation and testing: (A) amphiphile/solvent heterogeneous mixture being prepared; (B) 

amphiphile/solvent homogeneous solution formed via heating; (C) gel formed after cooling to room temperature; 

and (D) gel formation verified by inverting the vial. 
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2.2.2 Minimum Gelation Concentration (MGC) 

Minimum gelation concentration (MGC) is the minimum amount (in gm) of gelator 

capable of gelling a particular amount (in mL) of solvent expressed as % wt/v. In other words, 

MGC refers to the minimum amount of gelator (in gm) capable of gelling 100 mL of solvent. 

MGC is a measure of the gelation efficiency of the gelator. 

Typically, once a gel is obtained, an increment of 50 µL of solvent is added and the 

mixture subjected to the gelation procedure and analyzed for the formation of gel as described in 

section 2.2.1. If the immobilized-state of solvent is still obtained, the cycle is repeated until no 

gel formation was observed. The maximum amount of solvent immobilized by the given amount 

of gelator is recorded and the MGC calculated as % wt/v (Scheme 3). 

 

Scheme 3. Minimum gelation concentration determination: (A) gel still forms after successive additions of more 

solvent – highest amount of solvent added while a gel is still obtained gives the MGC; and (B) gel ceases to form 

after an addition of more solvent. 

2.2.3 Gel-to-Sol Transition Temperature (Tg) 

Gel-to-sol transition temperature (Tg) is the temperature at which the gel breaks and 

reverts to the solution phase know as sol. Thus, Tg is a measure of the thermal stability of a gel. 

i. ii. iii.

(A) (B)
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Gel melting temperature is determined by typical tube inversion method. A vial 

containing the gel is immersed in an oil-bath ‘upside down’ and slowly heated. The temperature 

at which the viscous gel melts down is recorded as the Tg value (Scheme 4). 

 

Scheme 4. Gel-to-sol transition temperature (Tg) determination: (A) vial containing gel inverted and immersed in an 

oil bath; and (B) gel ceases to form after an addition of more solvent. 

2.2.4 Optical Microscopy (OM) 

In our optical microscopy imaging experiments, optical micrographs of self-assembled 

morphologies (fibers) are obtained using the LEICA IM50 Version 4.0 microscope. Samples for 

imaging are prepared by refluxing about a small amount of amphiphile in a large amount of 

water until a clear solution is obtained. The resulting solution is allowed to stand undisturbed for 

about three to seven days to allow the formation of self-assembled fibers, which are viewed 

using the optical microscope. 
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CHAPTER 3 

EXPERIMENTAL SECTION: MATERIALS AND METHODS 

3.1 Materials 

Sucralose was obtained as a gift from Tate & Lyle, Inc., Decatur, IL. Tetrahydrofuran (THF) 

(99.9%), triethylamine (TEA) (99%), ethylacetate, hexane, acetone, chloroform and methanol 

were purchased from Acros Chemicals (Fisher Scientific Company, Suwannee, GA.). Butyroyl 

chloride (99%) and hexanoyl chloride (97%) were purchased from Acros Organics (New Jersey, 

USA). N-caprylyl chloride and oleoyl chloride were purchased from TCI America (Portland, 

OR). Lauroyl chloride and stearoyl chloride were purchased from TCI America (Tokyo 

Chemical Industry Co., LTD, Tokyo, Japan). All solvents for the reactions, thin layer 

chromatography and gelation studies, including ones not mentioned above, were of ACS grade 

and were purchased from Acros, TCI or Spectrum Chemicals Ltd. Silica gel (100 - 200 mesh) 

was obtained from Fisher Scientific. 

3.2 Synthesis, Purification and Characterization of the Sucralose-Based Amphiphiles 

The general reaction for the synthesis of sucralose-based amphiphiles is shown in 

Scheme 5. This synthetic protocol has been adapted after a series of optimization of parameters 

such as solvent, catalyst, reaction time, temperature and purification method. 
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Scheme 5. Synthesis of sucralose-based amphiphiles. 

R represents various acyl chains. R and names of corresponding amphiphiles and adapted 

abbreviations are given in Table 1. 

Table 1. List of R substituents (chain lengths), names of amphiphiles synthesized and abbreviations used. 

Abbreviation is constructed using “SL” and “a numerical value” to represent sucralose and the number of carbon in 

the acyl chain respectively. 

3.2.1 Synthesis of Sucralose-Butyrate (SL-4) 

To a cold solution of sucralose (1.02 g, 2.52 mmol) in 30 mL of dry THF, TEA (0.36 mL, 

2.52 mmol) was added and stirred under nitrogen atmosphere at around -5 to -10 °C. To the 

stirred solution, butyroyl chloride (0.24 mL, 2.27 mmol) dissolved in dry THF (6 mL) was added 

dropwise. After completion of butyroyl chloride addition for about 10 min, the resultant solution 

was stirred at room temperature for about 4 h. 

Serial 

# 
R = Amphiphile Name Abbreviation (SL-x) 

1 

 

sucralose-butyrate SL-4 

2 
 

sucralose-valerate SL-5 

3 
 

sucralose-hexanoate SL-6 

4 
 

sucralose-heptanoate SL-7 

5 
 

sucralose-caprylate SL-8 

6 
 

sucralose-laurate SL-12 
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After completion of reaction, confirmed by TLC, the reaction mixture was poured into 

ice water and stirred for about 20 min. While extracting this mixture with chloroform, it was 

noticed that the main product was slightly soluble in water. Thus, excess water was used to 

extract the main product from chloroform. Finally, the product was extracted with ethyl acetate 

(EA), which was evaporated to give a pure white solid product. 

1
H- and 

13
C-NMR (300 and 75 MHz respectively) were performed on the pure sample by 

using about 7 mg for 
1
H-NMR and 25 mg for 

13
C-NMR of the sample in about 500 μL DMSO-

d6. MS (Waters Micromass LCT) data was recorded using about 0.5 mg of the sample in about 

50 μL of chloroform/methanol mixture. IR (Nicolet 380, neat) spectrum was recorded using 

about 0.2 mg of amphiphile directly on the crystal diamond of the spectrometer.  Melting point 

was determined using about 0.2 mg of amphiphile. Elemental Analysis was performed by 

sending a sample to Atlantic Microlab in Georgia. 

3.2.2 Synthesis of Sucralose-Valerate (SL- 5) 

To a cold solution of sucralose (1.02 g, 2.52 mmol) in 30 mL of dry THF, TEA (0.36 mL, 

2.52 mmol) was added and stirred under nitrogen atmosphere at around -5 to -10 °C. To the 

stirred solution, valeroyl chloride (0.31 mL, 2.52 mmol) dissolved in dry THF (6 mL) was added 

dropwise. After completion of valeroyl chloride addition for about 10 min, the resultant solution 

was stirred at room temperature for about 4 h. 

The expected product was obtained as a pure white precipitate, confirmed by TLC, after 

filtering using vacuum-filtration. The filtrate obtained had some of the product as indicated by 

TLC. Hence, this filtrate was extracted with chloroform and flash chromatography performed 



Chapter 3: Experimental Section 

26 

(starting with 60 % and ending with 90 % EA in hexane) to obtain the pure product as a white 

solid.
 

1
H- and 

13
C-NMR (300 and 75 MHz respectively), MS, IR, Melting point and Elemental 

Analysis were recorded as described for SL-4 (Section 3.2.1). 

3.2.3 Synthesis of Sucralose-Hexanoate (SL-6) 

To a cold solution of sucralose (1.02 g, 2.52 mmol) in 30 mL of dry THF, TEA (0.36 mL, 

2.52 mmol) was added and stirred under nitrogen atmosphere at around -5 to -10 °C. To the 

stirred solution, hexanoyl chloride (0.35 mL, 2.52 mmol) dissolved in dry THF (6 mL) was 

added dropwise. After completion of hexanoyl chloride addition for about 10 min, the resultant 

solution was stirred at room temperature for about 4 h. 

The crude product was extracted with chloroform from the aqueous reaction mixture. 

This solution was concentrated under reduced pressure and purified using flash column 

chromatography, starting with 60 %, and ending with 90 % EA in hexane respectively. After the 

column, partial drying under reduced pressure and final drying in open-air under the hood, the 

pure product was obtained as a white solid.
 

1
H- and 

13
C-NMR (300 and 75 MHz respectively), MS, IR, Melting point and Elemental 

Analysis were recorded as described for SL-4 (Section 3.2.1). 

3.2.4 Synthesis of Sucralose-Heptanoate (SL-7) 

To a cold solution of sucralose (1.02 g, 2.52 mmol) in 30 mL of dry THF, TEA (0.36 mL, 

2.52 mmol) was added and stirred under nitrogen atmosphere at around -5 to -10 °C. To the 


