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Rapidly recoverable thixotropic hydrogels from the 

racemate of chiral OFm monosubstituted 

cyclo(Glu-Glu) derivatives 
 

Lu Wang a, Xin Jina, Lin Yea, Ai-ying Zhanga, Deon Bezuidenhoutb*, Zeng-guo Fenga* 

aSchool of Materials Science and Engineering, Beijing Institute of Technology, No. 5 South 

Street Zhongguancun, Beijing, 100081 

bCardiovascular Research Unit, Chris Barnard Division of Cardiothoracic Surgery, 203 Cape 

Heart Centre, Faculty of Health Sciences, University of Cape Town, South Africa 

 

ABSTRACT: Both chiral OFm monosubstituted cyclo(L-Glu-L-Glu) and cyclo(D-Glu-D-Glu) 

display a robust gelation ability in a variety of organic solvents and water. In contrast to an 

individual enantiomer, their racemate can form rapidly recoverable thixotropic hydrogels with a 

remarkably shorter thixotropic recovery time. This unexpected thixotropic behavior is induced 

by the random arrangement of D- and L-enantiomers in the cell units leading to the formation of 

“pseudoracemate” non-crystalline self-assemblies in the resulting 3D fibrous network. 

KEYWORDS: Cyclic dipeptide, racemate, rapidly recoverable thixotropic hydrogel, self-

assembly.  

 

INTRODUCTION 

Hydrogels fabricated through the self-assemblies of homo- and heterochiral low-molecular-

weight gelators (LMWGs) dominated by non-covalent interactions have recently stimulated 
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 2 

considerable interest for their basic research significance and their potential applications in many 

emerging fields, such as cell culture, drug delivery systems, tissue engineering and regenerative 

medicine, wound healing and 3D printing due to their flexible shape adaption ability and 

excellent biocompatibility.1-12 Among them, 2,5-diketopiperazine (2,5-DKP) or cyclic dipeptide 

(CDP) derivatives with a rigid six-membered ring containing two chiral centers are revealed to 

be tailorable and versatile gelator frameworks which not only manipulates the self-assembly 

process through the hydrogen bonds for one-dimensional arrangement, but also resists enzymatic 

hydrolysis.13-19 However, the impact of chirality of gelators on self-assembly behaviours is still 

amphibolous, despite a large number of studies that have been reported.20,21 Hence, the 

elucidation of the functional mechanism of chirality by which influences the construction of 

organo- and hydrogels remains a great challenge.  

To this end, we present a fast tunable thixotropic recovery process of hydrogels created from 

a racemate (D,L-3) of cyclo[L-Glu(OFm)-L-Glu] (L-3) and cyclo[D-Glu(OFm)-D-Glu] (D-3) in 

a 1:1 molar ratio in this study. To the best of our knowledge, the thixotropic recoverability and 

persistent recyclability of hydrogels fostered by chiral CDP racemates have seldom been 

investigated in literature. As the thixotropic recovery time (TRT) is a prerequisite for the 

structural recoverability of injectable hydrogels after injecting or mechanically stirring for 3D 

printing and biomedical applications, these TRT tunable thixotropic hydrogels are suitable for 

the drug controlled release and tissue engineering and regenerative medicine applications 

MATERIALS AND METHODS 

Materials 
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 3 

H-Pyr-OH was purchased from Han Hong Chemical Technology (Shanghai, China) Ltd. All 

other reagents (available from Tian Bao Jin Hua Chemical Reagent Company, Beijing, China) 

were analytical grade and used without further purification unless otherwise noted. 

Characterizations 

Gelation Tests. A gelator was dissolved into organic solvents or water or a mixture of DMSO 

and PBS in a 5 mL glass tube with a diameter of 12 mm, and then it was heated to 70 °C to get a 

clear solution homogeneously and cooled down to room temperature to test whether or not a gel 

is formed. 

Fourier transform infrared spectra. The FTIR spectra of a solution, gel, and solid state were 

recorded on an IR Trace-100 (Shimadzu) spectrometer. All samples were placed on an IR 

transparent window and scanned between the wavelengths of 4000 and 400 cm−1. 

Transmission electron microscopy. Photos were taken on a JEM 1200EX (JEOL) microscope 

at 120 kV voltages. The carbon-coated copper grids (300 mesh) were inserted in gel-phase 

material and dried in vacuum for 2 days. 

Field emission scanning electron microscopy. Images were obtained from an S-4800 FE-SEM 

(Hitachi). The gel samples were prepared by the vacuum freeze-drying method and then coated 

with gold for 90 s at 5 kV voltages on silicon slices. 

Oscillatory rheological testing. The measurements were carried out on a strain-controlled 

Physica MCR301 rheometer (Anton-Paar) with the parallel plate geometry of diameter 40 mm at 

25 °C. The storage and loss modulus were measured with a frequency sweep test (0.1-100 Hz).  
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 4 

1H NMR experiments. All samples prepared in DMSO-d6 were performed on a Mercury-plus 

400 (Varian) at 400 MHz. 

Mass spectroscopic measurements. All the mass spectra were recorded on a Xevo G2 QTOF 

(Waters) high-resolution mass spectrometer.  

Elemental analyses. They were performed on a vario EL cube V2.0.1 (Elementar) elemental 

analyzer.  

Melting point tests. They were tested using a DSC-60 instrument (Shimadzu) in a N2 

atmosphere at a heating rate of 10 °C/min. 

Wide-angle X-ray diffraction measurements. The WAXS experiments of all the xerogels were 

monitored by an Ultima IV Instrument (Rigaku) using Cu Kα (λ = 1.5405 Å) radiation with a 

step size of 0.33 from 3 ° to 60 °. 

Synthesis of cyclo(L-Glu-L-Glu) (L-2). Adding 120 ml acetic anhydride and pyridine (v/v=5:1) 

to a 250 mL round bottom flask, the resulting solution further added with L-pyroglutamic acid 

(23.22 g, 0.18 mol) was heated to 110 °C until white precipitate appeared and then sustained for 

15 mins, stopped, filtered, washed with cold methanol, and dried. The crude product was 

dissolved in 20 mL concentrated sulfuric acid, and the mixture was slowly added 60 ml distilled 

water to give rise to white precipitate, stilled for more than 2 hours, filtered, recrystallized in 

water, and finally dried to get white powder. Yield: 56 %; m.p. = 249 °C; [α]D
20 (DMSO, c = 0.1) 

= -50.03. 1H NMR (400 MHz, DMSO-d6) δ: 12.13 (s, 2 H, He), 8.25 (s, 2 H, Hb), 3.88 (dd, J = 

6.62, 5.15 Hz, 2 H, Ha), 2.40-2.23 (m, 4 H, Hc,d) ppm. IR (KBr) ν: 3403, 3313, 3196, 3044, 2934, 

2864, 2602, 1690, 1400, 1199, 1068, 778 cm-1. TOF-MS: calcd for C10H14N2O6, 258.08; found, 
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257.07 ([M-H+]). Elemental analysis: calcd for C10H14N2O6, C, 46.50; H, 5.48; N, 10.85; found 

C, 46.32; H, 5.52; N, 10.83. 

Synthesis of cyclo[L-Glu(OFm)-L-Glu] (L-3). Briefly L-2 (0.774 g, 3 mmol) was dissolved in 

20 mL DMF and the resulting solution was added DIEA (1 mL, 6.1 mmol), Fmoc-Cl (0.779 g, 

3.1 mmol) and DMAP (0.036 g, 0.3 mmol) and then sustained for 12 hours at room temperature. 

Eventually it was filtered, added with water, extracted with ether and supplied with sodium 

chloride until the aqueous solution was saturated, and then filtered to give rise to white product. 

Yield: 56.7 %; m.p. = 161 °C; [α]D
20 (DMSO, c = 0.1) = -69.0. 1H NMR (400 MHz, DMSO-d6) δ: 

12.05 (s, 1 H, Hk), 8.25(s, 2 H, Hb), 7.90 (d, J = 7.5Hz, 2 H, Ph-Hh), 7.64 (dd, J = 19.2, 7.3 Hz, 2 

H, Ph-He), 7.47-7.37 (m, 2 H, Ph-Hg), 7.34 (t, J = 7.4Hz, 2 H, Ph-Hf), 3.98-3.71 (m, 2 H, Ha), 

2.41-2.12 (m, 4 H, Hd), 1.92 (d, J = 6.4 Hz, 4 H, Hc) ppm. IR (KBr) ν: 3458, 3205, 2964, 1730, 

1667, 1449, 1397, 1328, 1254, 1191, 737 cm-1. TOF-MS: calcd for C24H24N2O6, 436.20, found, 

475.49 ([M+K+]); Anal. calcd for C24H24N2O6: C, 66.04; H, 5.54; N, 6.42; found C, 66.23; H, 

5.49; N, 6.48. 

Syntheses of cyclo(D-Glu-D-Glu) (D-2) and cyclo[D-Glu(OFm)-D-Glu] (D-3). The synthetic 

routes of D-2 and D-3 are same with L-2 and L-3. 

RESULTS AND DISCUSSION 

Synthesis. Synthetic routes of cyclo(Glu-Glu) D- and L-enantiomers are illustrated in Scheme 1. 

According to the literature,22  L- and D-pyroglutamic acid were first heated to 110 °C to 

undertake a dimerization and ring-opening reaction to give rise to glutamic CDPs in the presence 

of acetic anhydride/pyridine and H2SO4/H2O, and afterwards the acquired cyclo(Glu-Glu)s 
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 6 

underwent esterification reaction with Fmoc-Cl in the presence of DMAP/DIEA.23 All the 

compounds were characterized in detail by 1H NMR, MS, IR and elemental analyses (ESI). 

 

Scheme 1 Synthetic routes of cyclo[D-Glu(OFm)-D-Glu] (left) and cyclo[L-Glu(OFm)-L-Glu] 

(right). a) Acetic anhydride/pyridine/H2SO4/H2O; b) Fmoc-Cl/DMAP/DIEA. 

Thixotropic recoverable behaviours of hydrogels. In addition to acting as robust and versatile 

organogelators toward a variety of organic solvents, both L-3 and D-3 give rise to hydrogels as 

superhydrogelators at the same, but very low minimum gelator concentration (MGC) of 0.4 wt%, 

whereas D,L-3 can also form hydrogels at a relatively higher MGC of 0.6 wt% as determined by 

the tube inversion method in water. However, the hydrogels constructed from the racemate D,L-3 

in water, PBS and a  1:5 (v/v) mixture of DMSO and PBS can quickly recover their 3D shape 

after strongly mechanical stirring compared to its individual enantiomers24-27. The TRT values of 

these hydrogels as a function of concentration of gelators and volume ratio of mixing solvents 

are summarized in Table 1 and Table S1. As can be seen, at a gelator concentration (GC) of 0.6 
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 7 

wt%, which is slight higher than their MGC, both L-3 and D-3 possess a very long TRT of about 

360 mins, whereas D,L-3 gives a significantly short TRT of around 10 mins. When a GC rises to 

1.2 wt% (Fig. 1), a TRT of 4 mins for D,L-3 is still substantially shorter than that of 67 mins for 

L-3 and D-3. Only when a GC progresses to 1.8 wt%, both the enantiomers and their racemate 

begin to attain the same TRT level. At the same time, the organogels obtained from L-3, D-3 and 

D,L-3 are also thixotropic. As opposed to the hydrogels, there is nearly no difference in the TRT 

data observed in those organogels just as illustrated in a gel formed in n-hexanol (Fig. S1). 

Considering the influence of the concentration of a hydrogelator on the compatibility of a 

hydrogel, the unusual TRT range of 4 to 10 mins at a range of GC of 0.6 to 1.2 wt% for the 

hydrogels created from the racemate of fluorenemethoxy (OFm) monosubstituted cyclo(Glu-Glu) 

exhibits the great potential to be used as injectable carriers for drug controlled release and 

scaffolds for tissue engineering and regenerative medicine.28-34 

Table 1 TRT data of hydrogels formed from chiral cyclo[Glu(OFm)-Glu] enantiomers in a 1:5 

(v/v) mixture of DMSO and PBS. 

MGC, wt%  

Thixtropic recovery time (mins) 

D-3 L-3 D,L-3 

0.6  360   360    10  

1.2  67  67    4  

1.8   2   2    2  
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 8 

 

Fig. 1 Thixotropic behaviours of hydrogels formed from D-3, L-3 and D,L-3 at 1.2 wt% in a 1:5 

(v/v) mixing solvent of DMSO and PBS. 

Gelation properties and aggregation morphology studies. The ability of the resulting 

cyclo(Glu-Glu) enantiomers to gel organic solvents and water or PBS was eventually determined 

by inverting the vials upside down. The gelation testing results and the minimum gelation 

concentration (MGC, mg/ml) data are summarized in Table 2. 

As well known, an optimized balance of hydrophilicity to lipophilicity within the 

molecular structure is the prerequisite for designing and synthesizing a LMWG to gelate organic 

solvents and water. However, it remains a great challenge to acurately predict whether or not a 

molecule is a LMWG. As shown in Table 2, the resulting chiral D-3 and L-3 present the same 

gelation abilities in a wide range of polar and apolar solvents, whereas the racemic gelator D,L-3 

is sparsely soluble in dichloromethane and benzene (Fig. S2). The different gelation ability and 

MGC values between D-3 or L-3 and D,L-3 hints that the racemate most likely possesses a 

different self-assembly structure in the 3D fibrous network or crystalline structure in the cell 

units. 
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 9 

Table 2 Testing results of gelation behaviours and minimum gelator concentration (MGC, wt%) 

of cyclo[Glu(OFm)-Glu] derivatives by the tube inversion method at room temperaturea,b. 

Solvent/sample D-3 L-3 D,L-3 

DMSO S S S 

DMF S S S 

acetone S S S 

dichloromethane OG(1.0) OG(1.0) I 

chloroform TG(1.0) TG(1.0) OG(1.5) 

hexane I I I 

1,2-dichloroethane TG(0.5) TG(0.5) TG(0.5) 

tetrachloroethane TG(0.5) TG(0.5) TG(0.5) 

MeOH OG(3.5) OG(3.5) S 

EtOH OG(3.0) OG(3.0) OG(3.0) 

isopropanol OG(3.0) OG(3.0) OG(3.0) 

n-butanol OG(2.5) OG(2.5) OG(2.0) 

n-hexanol OG(2.5) OG(2.5) OG(2.0) 

ethyl acetate OG(1.5) OG(1.5) OG(1.5) 

benzene TG(0.5) TG(0.5) I 

toluene TG(0.5) TG(0.5) TG(0.5) 

O-dichorobenzene TG(0.5) TG(0.5) TG(0.5) 

H2O OG(0.4) OG(0.4) OG(0.6) 

PBS OG(0.4) OG(0.4) OG(0.6) 

a. D,L-3, precipitated from a 1:1 molar radio of D-3 and L-3 in water; b. TG: translucent gel; OG: opaque gel; 

S: soluble (>5 wt%); I: insoluble upon heating. 
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Depending on their chirality, the self-assembled structures of these chiral CDP gelators in 

organic solvents display intriguing and diverse morphologies such as nematosphere, arborization, 

fallen hair, grass cluster and cabbage as seen in n-butanol and n-hexonol (Fig. S3). However, as 

shown by TEM and SEM in Fig. 2, the self-assemblies of the enantiomers L-3 and D-3 in water 

are featured by uniformly dense tangly fibers, while those of the racemate D,L-3 are charac-

teristic of relatively loose clumped fibers with a relatively larger width in the hydrogels. It 

appears that these morphological changes do not impact the sol-gel transition temperatures of 

hydrogels formed from the enantiomers and their racemate (Fig. S4).  

 

Fig. 2 TEM (upper) and SEM (bottom) morphological images of self-assemblies of of D-3 (A), 

L-3 (B) and D,L-3 (C) in hydrogels formed in water from left to right. 

Rheological measurements. Besides a fast shape recovery, such a thixotropic recoverable 

hydrogel can also quickly restore its mechanical properties after stirring. To test the mechanical 

recoverability of the hydrogels formed from L-3 and D,L-3, dynamic rheological experiments 

were conducted. The shear strain of 0.1% in the linear viscoelastic region was chosen so that the 
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 11 

G’ and G” would remain constant within the scope of deformation because out of this range, the 

G’ begins to decrease (Fig. S5). Both the G’ and G’’ for the more highly concentrated hydrogels 

are evidently larger than that of less concentrated ones, indicating the strength of the hydrogels 

dependent of the concentration of chiral CDP hydrogelators in this study. For example, the G’ of 

the hydrogel created from L-3 at 1.8 wt% (around 1970 Pa) at 10 Hz is higher than that at 1.2 and 

0.6 wt% (approximately 1061 and 871 Pa, respectively), and so is that of D,L-3 at the same 

concentrations. 

Furthermore, the thixotropic recyclability of hydrogels were also elucidated by dynamic 

rheological measurements. The original hydrogel generated from L-3 is stirred into a sol state. As 

shown in Fig. 3, when this sol is stood for 67 minutes, the first reformed gel is tested and its G’ 

can achieve 948 Pa at 10 Hz, slightly lower than the original G’ of 1014 Pa. Moreover, when this 

repaired hydrogel is continually stirred and reset for second and third time, the re-evaluated G’ 

and G’’ approximate range of original moduli. Significantly, this self-restoring process can be 

also repeated many times for the racematic hydrogels formed from D,L-3. For example, its 

original G’ is 1765 Pa at 10 Hz, the first repaired G’ attains 1586 Pa after standing for 4 mins, the 

following repaired ones nearly approach the same G’ and G’’ values as the original and first 

repaired ones. Interestingly, the real tested G’ and G’’ of D,L-3 is distinctly larger than that of L-3 

in a whole testing frequency range. This result clearly suggests the potential applications of 

hydrogels created from D,L-3 as injectable carriers for drug controlled release and scaffolds for 

tissue engineering and regenerative medicine.35 
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 12 

 

Fig. 3 Rheological data for frequency sweep of original gel and gel after three cycles of L-3 (A) 

and D,L-3 (B) obtained at 1.2 wt% and at 25 ℃ in a 1:5 (v/v) mixing solvent of DMSO and PBS.  

Mechanism of fast thixotropic recoverable behavior. FT-IR and fluorescence spectroscopic 

analyses were further used to gain insight into the driving forces why and how to present so short 

and tunable a TRT of the racemic hydrogel of D,L-3 compared to the chiral hydrogels of D-3 and 

L-3.36-40 As can be seen in Fig. S6-8, although a clear difference in characteristic vibration bands 

between the hydrogel or reformed one of L-3 or D,L-3 and its sheared sol was observed, there is 

no distinct difference noted between the hydrogel and reformed one of L-3 or D,L-3. In fact, the 

gelation behaviors of the racemic gels are a long standing research topic,41 and these racemic 

gelators can crystallize into a solid form with different components.5  In general there are 

approximately 5-10 % chiral organic compounds giving rise to separate crystals from the 

opposite isomers in the solution of their racemic mixture. Most of D- and L-enantiomers are 
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prone to crystallize to form a racemic crystal referred to as “true racemate” in which the 

enantiomers are arranged orderly in the cell units. Also there is the third so-called “pseudo-

racemate” crystallization process for the racemates, where D- and L-enantiomers are randomly 

arranged in the cell units.42 The gelation is a highly controlled crystallization process where the 

crystal growth of the gelators almost occur along one dimension so as to form a 3D fibrous 

network to gelate a large amount of solvent molecules.3 However, the mechanism by which a 

racemic aggregate of enantiomer gelators crystallizes or arranges in the cell units remains an 

unexplored topic. For the as-prepared chiral CDPs here, although both D-3 and L-3 marginally 

out perform D,L-3 in their gelation capacity, the TRT of the racemate is significantly shorter than 

that of its individual enantiomers. To highlight the molecular arrangements and orientations of 

racemate gelator molecules in the hydrogels, the xerogels obtained from the hydrogels of 

enantiomers D-3 and L-3 and racemate D,L-3 in a 1:5 (v/v) mixing solvent of DMSO and H2O 

were measured by WXRD analysis. From the XRD patterns as shown in Fig. 4, nearly the same 

arrangement structures of self-assemblies are presented by the enantiomers. A possible molecular 

packing model arranged in the monoclinic P2 group was proposed for their arrangements. Their 

cell parameters based on the observed XRD pattern by using Jade 6.0 were calculated as follows: 

a = 8.98 Å, b = 9.82 Å, c = 14.93 Å, β = 103.32 °. Subsequently, the best fitting structure was 

refined via Reitveld refinement with energy by using Reflex plus module in Materials Studio. 

Furthermore, these xerogels give rise to a regular second-order diffraction with a d-spacing ratio 

of 1:1/2 (9.67 and 4.94 Å), indicating a lamellar structure.44 

Intriguingly, it was noted that both D-3 and L-3 are inclined to crystallize in the hydrogels 

while D,L-3 is prone to self-assemble to an amorphous state in the hydrogels and organogel 

formed at 8 wt% in CH3OH as outlined in Fig. S9. This result is consistent with DSC 
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 14 

measurements of xerogels shown in the Fig. S10, revealing that the melting points of D-3 and L-

3 are 160 °C and 161 °C with an obvious endothermic peak, while the DSC profile of racemate 

D,L-3 displays a larger dispersive endothermic peak. It clearly indicates that the racemates in the 

racematic hydrogels are existed as the “pseudoracemate” non-crystalline self-assemblies in 

which the two chiral enantiomers are randomly arranged to create the amorphous structure. 

Intuitively, regular arrangements result in the formation of inside lattice planes so that they are 

uneasily deformed and need long time to restore original construction after the external force is 

exerted along the parallel face, while non-crystalline self-assemblies substantially consisting of 

random molecular arrangements do not need a long time for shape recovery. Hence for the 

gelation proceeding in this study, the phenomenon we observed that the TRT of the racemic 

hyrogel is distinctly shorter than its enantiomer counterparts, is most likely boosted by the 

random arangements of the racemates in the cell units in the hydrogel state. Upon stirring or 

breaking the hydrogels of D-3 or L-3 and D,L-3, it is reasoned that the external force destroys 

inside crystal face structure, and the sol of D-3 or L-3 takes a longer time to self-assemble into 

the 3D fibrous network for recovering their shapes and mechanical properties. In addition, a 

much higher enantiomer or racemate concentration enables to narrow the gap of TRTs. As a 

result, a proposed arrangement model of enantiomers in the hydrogel state is outlined in Fig. S11. 

For the gelator D-3 or L-3 in a cell unit outlined in green lines, a lamellar organization with a d 

spacing of 9.67 Å was noted. This value is smaller than twice that of the extended molecular 

length of chiral molecules, but larger than the length of one molecule (about 14.7 Å) calculated 

by Chemdraw 3D. It suggests that the hydrogel is likely to possess an interdigitated bilayer 

structure as shown in grey lines, displaying a typical face-to-face manner with outside DKP rings 

affording N−H···O in rows, inner π−π stacking of fluorenyl rings and COOH. However, in the 
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 15 

“true racemates”, the D- and L-enantiomers are regularly laid out in the cell units as depicted in 

purple lines in Fig. S12, whereas the “pseudoracemates” illustrate that the molecules of non-

crystalline self-assemblies arrange randomly as exhibited in yellow lines in Fig. 5. 

 

Fig. 4 XRD patterns of xerogels of D-3, L-3, and the racemate D,L-3. 

 

Fig. 5 Proposed molecular arrangement of of hydrogels of the “pseudoracemates” consisting of 

D-3 and L-3 in cell units. 

Conclusion 
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We synthesized chiral OFm monosubstituted cyclo(Glu-Glu) enantiomers. Their racemate 

not only enables gelation in a large variety of organic solvents and water, but also displays a fast 

thixtropic recoverable and recyclable behaviors of hydrogels in H2O, PBS and a mixture of 

DMSO and PBS or H2O. The XRD and DSC analyses indicate that the random arrangements of 

D- and L-enantiomers in the cell units contribute to the formation of “pseudoracemate” non-

crystalline self-assemblies in the 3D fibrous hydrogel network leading to the rapid thixotropic 

recoverability and persistent recyclability. The tunable thixotropic recovery time range of 4 to 10 

mins at a range of MGC of 0.6 to 1.2 wt% makes the racemate hydrogels potential injectable 

carriers for the drug controlled release and scaffolds for tissue engineering and regenerative 

medicine applications. 
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Table S1: Testing parameters of gelation behaviors of cyclo[Glu(OFm)-Glu] derivatives at 

varying GC and volume ratio of DMSO and PBS. 

Figure S1: Thixotropic behaviors of D-3, L-3 and D, L-3 in n-hexanol. 

Figure S2: Gel morphologies of D-3 and D,L-3. 

Figure S3: TEM (left) and SEM (right) images of organogels. 
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Fig. S4: Plot of Tsol-gel  as a function of concentration of D-3, L-3 and D,L-3 under the assist of 

ultrasound via the tube inversion method. 

Figure S5: Frequency sweep for the gel of L-3 and D,L-3 at 0.6, 1.2 and 1.8 wt% in a 1:5 (v/v) 

mixture of DMSO and PBS at 25 °C and at a strain of 0.1 %. 

Figure S6: FTIR spectra of hydrogels formed from L-3 (A) and D,L-3 (B) at 25 °C: a: solution in 

DMSO; b: gel in a 1:5 (v/v) mixture of DMSO and PBS; c: sheared sol; d: reformed gel standing 

for 12 h. 

Figure S7: FTIR spectra of L-3 and D,L-3 in the solid state. 

FigureS8: Fluorescence emission spectra of gelator L-3 (A) (λexcitation = 290 nm) and D,L-3 (B) 

(λexcitation = 290 nm) in a 1:5 (v/v) mixture of DMSO and PBS at 25 °C. 

Fig. S9: XRD patterns of xerogel of D,L-3 formed in CH3OH and in a 1:5 (v/v) mixing solvent of 

DMSO and H2O. 

Fig. S10: DSC profiles of D-3, L-3 and D,L-3 precipitated from a 1:5 (v/v) mixing solvent of 

DMSO and H2O. 

Fig. S11: Proposed molecular arrangements of hydrogels of D-3 or L-3 in the cell units. 

Fig. S12: Proposed molecular arrangements of hydrogels of the “true racemates” in the cell units. 
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