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Factors that improved the biodegradation of surfactants have successfully used to prepare higher ordered 

biodegradable tris-imidazolium and benzimidazolium ionic liquids. 
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Abstract  9 

Based on imidazolium and benzimidazolium, series of novel tris-cationic ionic liquid surfactants containing ester 10 

groups synthesized simply from readily available starting materials in high yield. Biodegradability and 11 

surfactants properties of tris-imidazolium and tris-benzimidazolium ionic liquids were investigated. Some 12 

compounds showed assembly behaviour in pure form (i.e. absence of solvent) and in the presence of polar or 13 

nonpolar solvents. These surfactants are effectively reducing the surface tension of water in a range of 28-31 14 

mN/m. Through using  ‘Closed-Bottle Test’ OECD 301D, the incorporation of alkyl or phenyl side chains with 15 

ester groups in the same molecule significantly improved the biodegradation comparing to sodium n-dodecyl 16 

sulphate (SDS) as a reference. The aliphatic alkyl side chain, i.e., butyl, hexyl, octyl, decyl and dodecyl, in both 17 

imidazolium and benzimidazolium ionic liquids have marked increasing biodegradation and phase behaviour 18 

results compared to aromatic side-chains.   19 

Introduction   20 

Ionic liquids (ILs) are organic salts melt below 100 °C and consist of bulky organic cation associated with either 21 

organic or inorganic anion.
1,2

 Typically, most common organic cations are either imidazolium, pyridinium, or 22 

pyrrolidinium, with alkyl chain substituents
3,4

 while anions such as halogen, [AlCl4]
−
, [PF6]

−
, [BF4]

−
, [CF3SO3]

−
, 23 

[(CF3SO2)2N]
− 

, or [n-C8H17OSO3]
−
.
5
 ILs have become increasingly attractive as ‘‘green’’ solvents (or 24 

environmental friendly) for a wide range of applications due to their low vapour pressure with recycling and 25 

catalytic ability.
6-12

  26 

In principle, the physicochemical properties of IL solvents can be tailored for a given application by varying the 27 

cationic (or anionic) components. Thus, their properties including melting point, solubility, viscosity, thermal 28 

stability and hydrophobicity can be adjusted to suit a variety of wide applications. Some ILs also have surfactant 29 

behaviour; therefore, their assemblies can be tuneable by adjusting the solvent composition. Application of ILs 30 

as a solvent coupled with their liquid crystalline behaviour could be an advantage in anisotropic ion-conductors, 31 

templating and electrolytes in dye-sensitizer solar cells.
13,14

    32 

Through thorough studies against a wide range of organisms, the popular used ILs are proven as toxic in 33 

nature
15,16

 where the both cationic and anionic components have influence on the toxicity.
17,18

 Moreover, ILs that 34 

consist of a substituted cation with long linear hydrocarbon side chains ≥ 8 carbon atoms presented varying 35 

toxicity levels.
19,20

 The positive head group of the cation plays essential role in IL toxicity
21

 where the longer 36 

side chains have further biological serious influence on living cells.
22,23

 At the same time, ILs demonstrated 37 

various levels of toxicity magnitude comparing to conventional organic solvents: acetone, acetonitrile, methanol, 38 

dichloromethane and methyl t-butyl ether.
24,25

 First study related ILs toxic nature contributed by Jastorff and co-39 

workers
26

 in 2002 when reported theoretical multidimensional analysis of two ILs. They proposed environmental 40 

risk assessment of 1-butyl-3-methylimidazolium tetrafluoroborate and 1-decyl-3-methylimidazolium tetrafluoro- 41 
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borate ILs with acetone as an organic solvent reference. Five ecotoxicological indicators were considered in this 42 

multidimensional analysis including: release, spatiotemporal range, bioaccumulation, biological activity and 43 

uncertainty. Further, the first comprehensive biological study by Ranke et al.
25

 included effects of different n-44 

alkyl chains for methyl- and ethyl-imidazolium ILs incorporated with variety of anions. The study revealed ILs 45 

toxicity increasing due to elongation in both alkyl chains length of imidazolium ring. Obviously, ILs may have 46 

greater potential to bioaccumulate (persist in the environment) and vice versa when not passing biodegradation 47 

tests. Further studies of biodegradation, mineralization and bioaccumulation are necessary to estimate the toxic 48 

hazards of ILs or their persisting in the environment. Although different studies on ILs, including toxicity, 49 

ecotoxicity and biodegradation have been reported in the literature,
15,27-31

 biodegradation data are still seldom. 50 

Wells and Coombe
24

 screened the biodegradation of ammonium, imidazolium, phosphonium and pyridinium ILs 51 

using Biochemical Oxygen Demand measurements in five days (BOD5). Most of the investigated alkyl side 52 

chain ILs showed biodegradation resistant.  53 

The first biodegradable compounds presented by Boethling
32,33

 when highlighted the importance of 54 

biodegradable chemicals through biodegradable surfactants design for linear alkylbenzenesulfonates and dialkyl 55 

quaternaries. Furthermore, Boethling presented readily biodegradable compounds when introduced the long 56 

linear hydrocarbon side chain into an ester group. Generally, the biodegradable surfactants
32-34

 have been 57 

developed based on: (i) the existence of potential sites of esters as an enzymatic hydrolysis, (ii) the introduction 58 

of oxygen in the form of hydroxyl, aldehyde or carboxylic acid groups, in addition to (iii) the existence of 59 

unsubstituted long linear alkyl chains or phenyl rings, which represent potential sites for attack by oxygenases. 60 

Hydrolysable bond (esters or amides) as functional groups introduced into the ILs cation side chain were 61 

required to synthesize early biodegradable ILs. The same principles were followed by Gathergood and co-62 

workers
35,36

 when evaluated the biodegradation for series of dialkylimidazolium ILs with ester or amide 63 

containing side chains using the closed bottle tests (OECD 301 B and D). Compounds with biodegradation levels 64 

of 60 % or higher are considered to be ‘‘readily biodegradable’’.
37,38

 65 

The design of potential biodegradable ILs affected by structure of the components that include most ILs: the 66 

cation core, cation side chain(s), and the anion. Imidazole such as the common amino acid; histidine is known to 67 

be degraded by microorganisms.
39

 Further, imidazolium core has close structural relationship with surfactant like 68 

quaternary ammonium compounds
38

; therefore, imidazolium moieties were selected as the cation core. Thus, the 69 

factors that improved the biodegradation of surfactants could be applicable to design the ILs cation able to self-70 

assemble with or without the presence of a solvent. In the surfactant’s point of view, rod-like molecules such as 71 

single-chain imidazole derivatives are generating nematic (N) and bilayer smectic A (SmA) phases
40,41

 while 72 

triple-tails compounds have the tendency to form wedge-shape molecules. They have the affinity to form higher 73 

ordered molecular arrangements such as columnar (Col) or cubic (cub) phases.
42,43

 Consequently, higher ordered 74 

phases are good candidates for application as anisotropic ion conductors.
13

   75 

Although many researchers
35,44-48 

have studied degradable ILs, none have approached tri-cationic ILs in the 76 

literature up to authors’ knowledge. The current study concentrates on synthesis novel tris-imidazolium and tris-77 

benzimidazolium degradable ILs surfactants, containing incorporated alkyl or phenyl side chains with tri-ester 78 

groups in same molecule. Towards degradable IL surfactants with higher ordered molecular arrangements 79 

phases, a unique evaluation of biodegradation, phase behaviour and their interaction with water of halogen ILs 80 

are investigated. Broad practical applications of industrial and medical applications are highly expected. The 81 

effects of anions on phase behaviour and biodegradation are beyond the scope of this study. 82 

 83 
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Results and discussion 84 

Synthesis 85 

ILs syntheses described in current study are based on a simple approach which was modified to prepare tris-86 

imidazolium and tris-benzimidazolium ILs from readily available starting materials in high yield. This process 87 

involved alkylation of alkyl-imidazole and alkyl-benzimidazole with appropriate tri-ester halide that synthesized 88 

by simple esterification of 1,1,1-Tris (hydroxymethyl)ethane in net chloroacetyl chloride. Furthermore, the 89 

halides in the alpha position to carbonyl compound reflect excellent starting materials for high purity and 90 

excellent yield of ILs. The synthesis of different length chain of alkyl imidazoles and benzimidazoles was 91 

beneficial to obtain plenty of ILs derivatives. Thus, treatment of imidazole or benzimidazole with alkyl halides 92 

under basic conditions affords alkyl imidazoles (and benzimidazole) in optimum yield. Alkylation of the 93 

obtained alkyl imidazoles and benzimidazoles with active tri-ester halide in acetonitrile at 45-55 °C produced the 94 

quantitative yield of certain ILs as shown in (Scheme 1).  95 

 96 

Scheme 1. Synthesis of tris-imidazolium and tris-benzimidazolium ILs 97 

All the chloride ILs prepared in current work are semi-solid to syrup at room temperature which have been set as 98 

reference point to determine their classification as ILs.
1
 Metathesis of halogen anion to NTf2

−
 produced clear 99 

liquids at room temperature and clean samples were isolated after a simple workup. The process included mixing 100 
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an aqueous solution of chloride salt with LiNTf2. The hydrophobic IL phase was then separated by simple 101 

extraction with ethyl acetate to produce pure ILs after organic layer evaporation under reduced pressure. Table 1 102 

summarized the synthetic details of the prepared ILs.  103 

Table 1: Structural and synthetic details of tris-imidazolium and tris-benzimidazolium ILs 104 

IL  Cations Alkyl chains Counter ions Status
c
    M.wt. Yield (%) 

8a Im
a
 CH3 Cl Semi-solid 595.90 97 

8b Im
a
 n-C4H9 Cl Syrup 722.14 98 

8c Im
a
 n-C6H13 Cl Syrup 806.30 98 

8d Im
a
 n-C8H17 Cl Syrup  890.46 97 

8e Im
a
 n-C10H21 Cl Syrup  974.62 99 

8f Im
a
 n-C12H25 Cl Syrup 1058.78 99 

8g Im
a
 -CH2-Ph Cl Semi-solid  824.19 91 

9b BIm
b
 n-C4H9 Cl Syrup  872.32 97 

9c BIm
b
 n-C6H13 Cl Syrup   956.48 99 

9d BIm
b
 n-C8H17 Cl Syrup 1040.64 98 

9e BIm
b
 n-C10H21 Cl Syrup 1124.80 99 

9f BIm
b
 n-C12H25 Cl Syrup 1208.96 99 

9g BIm
b
 -CH2-Ph Cl Semi-solid   974.37 96 

10a Im
a
 -CH3 NTf2  liquid 1329.98 81 

10b Im
a
 n-C4H9 NTf2 liquid 1456.22 84 

10c Im
a
 n-C6H13 NTf2 liquid 1540.38 85 

10e Im
a
 n-C10H21 NTf2 liquid 1708.70 94 

10g Im
a
 -CH2-Ph NTf2 liquid 1558.27 91 

11b BIm
b
 n-C4H9 NTf2 liquid 1606.39 84 

11d BIm
b
 n-C8H17 NTf2 liquid 1774.71 90 

11e BIm
b
 n-C10H21 NTf2 liquid 1858.88 90 

11f BIm
b
 n-C12H25 NTf2 liquid 1943.04 96 

11g BIm
b
 -CH2-Ph NTf2 liquid 1708.45 96 

a
 Imidazolium 

b 
Benzimidazolium 

c  
at room temperature  

 105 

Liquid crystalline behaviour 106 

Optical polarizing microscope equipped with heating stage was used to investigate liquid crystalline properties 107 

of compounds 8b-f and 9b-f thermotropically and lyotropically as highlighted in the experimental section. In 108 

absence of solvents, compounds 8b, 8c, 8d and 9b, 9c, 9d appeared to be viscous fluids at room temperature 109 

with no birefringence, while compounds with ≥ C10 carbons chain length showed birefringent at room 110 

temperature. Tris-imidazolium series showed birefringent property with clearing points of 116 °C and 172 °C for 111 

compounds 8e and 8f, respectively. Both compounds expected to form smectic A phases (oily streaks) based on 112 

the textures shown in Fig. 1. While tris-benzimidazolium compound series showed relatively lower clearing 113 

point i.e. 37 °C for 9e and 50 °C for 9f. The benzanelation of the imidazole reduced the clearing point 114 

significantly and increased the molecules area of nonpolar domain; thus, the chains packed in a wedge-shaped 115 

molecule which favours the formation of columnar phase (Fig. 2). Precisely, ascending and descending trends 116 

was observed in clearing points of tris-imidazolium and benzimidazolium ILs, respectively, as a function of 117 

chains length increasing illustrated in Table 2. Clearing point
13,49

 is the transition temperature between liquid 118 
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crystalline phase (mesophase) and isotropic liquid whereas the liquid crystal phase is completely converted to an 119 

isotropic liquid above the clearing point.   120 

 121 

Fig. 1. The oily streaks texture observed under polarized microscope for compound 8f at 25°C (50×). 122 

 123 

Fig. 2. The columnar texture observed under polarized microscope for compound 9e at 25°C (50×). 124 

Lyotropic investigation was performed using contact penetration scans method where the samples are 125 

sandwiched between two slides with or without adding solvent at the slide edge. The solvent diffused through 126 

the sample by capillary force then the liquid crystalline phase was formed when the solvent penetrated the 127 

sample with different concentration gradient. Water as polar solvent and 1-undecanol as nonpolar were used to 128 

investigate the polymorphism in different system. In water penetration study compounds 8b, 8c, 9b, 9c, and 9d 129 

are very soluble; therefore, formation of micellar, L1, solution was expected, while for compounds 8d, 8e and 8f, 130 

a normal hexagonal phase, H1, was observed with slowly dissolving into L1 phase. In contrast, tris-131 

benzimidazolium compounds series was less soluble and exhibited a cubic phase. The penetration profile of 132 

compound 8f at room temperature is shown in Fig. 3 and the image for 9e in contact with water is shown in Fig. 133 

4.  134 

40μm 

40μm 
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 135 

Fig.3. Water penetration scans observed under polarized microscope for compound 8f at 25 °C (50×). 136 

 137 

Fig.4. Water penetration scans observed under polarized microscope for compound 9e at 25 °C (20×). 138 

The behaviour of tris-imidazolium series in contact with nonpolar solvent showed that longer chain compound 139 

i.e. 8f is very soluble to form an inverted micellar solution, L2. Further, additional liquid crystalline phases were 140 

observed for 8b, 8c, 8d and 8e besides the L2. E.g. inverted hexagonal (H2), maltese crosses with H2 and finally 141 

lamellar phases with H2 for 8b, 8c and 8d ILs, respectively, as depicted in Fig. 5.  142 

 143 

Fig.5. 1-Undecanol penetration scans for compounds (a) 8b (b) 8c (c) 8d at 25 °C (50×).    144 

Compounds 9b and 9c did not show any liquid crystal phase in contact with 1-undecanol, while compound 9d 145 

exhibited inverted hexagonal and inverted cubic phases. Generally, longer chains length of tris-benzimidazolium 146 

compounds such as 9e and 9f displayed H2 and lamellar phases as presented in Fig. 6.  147 

40μm 

40μm 

L2 

a b c 

L2 L2 H2 H2 H2 Lα Lα 

27μm 27μm 27μm 
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 148 

Fig.6. 1-Undecanol penetration scans at 25 °C for compound 9e (a) overall scan penetration study taken at (10×)      149 

magnification,  (b) zoom for the lamellar phase (50×), and (c) the outer penetration displays H2 (50×).  150 

For this type of mesogen in both tris-imidazolium and benzimidazolium ILs, compounds starting with 10 carbon 151 

alkyl chains showed a birefringent behaviour while shorter than 10 are most likely not flexible enough to align 152 

unisotropically. In present liquid crystal phase, the molecules are still ordered in some direction with flows like a 153 

liquid. According to literature, the same trend was noticed for 2-tridecylpyridine chloride
50

 which melts at 52 °C 154 

and clears at 109 °C. Moreover, materials based on IL can self-assemble into a liquid crystal phase by solvent 155 

addition; for example, triethylammoniumdodecyloxycyanobiphenyl bromide
51

 showed lamellar phase in contact 156 

with water. Thus, the phase behaviour of ILs can be produced in pure state (spontaneously) and during their 157 

interaction with polar and nonpolar solvents.    158 

Prediction and cartoon molecular alignment of IL material in the liquid crystalline phase is illustrated in Fig. 7 159 

where the micro-phase separation within the material is the driving force for its assembly. At the molecular 160 

level, all alkyl chains are aligned in parallel as depicted in Fig. 7 (a) for compound 8e, while, at lower 161 

concentration of solvent, the material preferably arranged in a smectic A or lamellar phase as illustrated in Fig. 7 162 

(b). Further, in contacting with solvent, the molecules tend to reassemble depending on the nature of solvents. 163 

Where in water, the chains arranged near each other with the polar part domain contacted to water as 164 

demonstrated in Fig. 7 (c). The reverse arrangement occurred in contact with 1-undecanol, where several discs 165 

assembled together to form hexagonal phase as shown in Fig. 7 (d). Phase behaviour summarization results of 166 

synthesized tris-imidazolium and bezimidazolium ILs are illustrated in Table 2.  167 

 168 

 169 

 170 

 171 

 172 

 173 

 174 

27μm 27μm 27μm 

 

a b c 
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 181 

Fig. 7. Assembly illustration of (a) single molecule, (b) molecules arrangement in lamellar phase, (c) molecules 182 

arrangement in normal hexagonal, H1 and (d) molecules arrangement in inverted hexagonal, H2. 183 

Table 2: Phase behaviours of the synthesized tris-imidazolium and bezimidazolium ILs as a function of alkyl 184 

chain length. 185 

IL Number of carbon 

 atoms in side chains 

Clearing point 

(°C) 

Phase behaviour 

In pure
b
  In water

c
 In 1-undecanol

d
 

8b   4   ND
a
 Non-birefringent   Soluble H2 

8c   6   ND
a
 Non-birefringent   Soluble H2, Lα 

8d   8   ND
a
 Non-birefringent   I1, H1, V1 H2 

8e 10 116 Smectic A H1 H2 

8f 12 172 Smectic A H1 H2 

9b   4 107 Non-birefringent   Soluble I2 

9c   6 103 Non-birefringent   Soluble I2 

9d   8   90 Non-birefringent   Soluble H2 

9e 10   37 Columnar I1 H2 

9f 12   50 Columnar H1 H2 
a
 not detected                

b 
is absence of solvent 

c
 is contact with water 

d
 is contact with 1-undecanol  

 186 

Air-water interface behaviour 187 

Results of surface properties; critical micelle concentration cmc, and surface tension γcmc beside Krafft 188 

temperature, TK, are presented in Table 3. The values of TK for all ILs solutions are below 10 °C. The surface 189 

tension measurements were recorded at 25 °C. The synthesized IL materials showed very low Krafft points 190 

indicating their solubility below room temperature and IL cmc results can be measured at room temperature. As 191 

(a) 

(b) 

Solvent 

(c) (d) 
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expected, cmc value of ILs (Table 3) decreased with increasing chain length, where, compounds with 4 carbons 192 

at chain length are very soluble in water and the cmc values are expected to be higher than 150 mM based on a 193 

preliminary investigation. Essentially, the compounds showed common trend for single chain non-ionic 194 

surfactant such as alkyl maltosides.
52

 It is a decreasing by factor 10 upon addition of two methylene groups 195 

except compounds with 10 and 12 carbon atoms in side chains for both tris imidazolium and benzimidazolium 196 

ILs. The deviation from the trend may be attributed to multiple charges at high dilution of the IL, which 197 

destabilize the micellar assembly. Thus, the synthesized ILs materials lowered the water surface tension to 28-31 198 

mN/m. Moreover, the hydrophobicity of ILs materials had very minor influence on the molecules packing at 199 

air/water interface. However, this only applied to the tris-imidazolium series. For the molecular shape a non-200 

parallel alignment of the alkyl chains is assumed, figuring the shape of a tripod.  201 

Table 3: CMC, surface properties and Krafft temperature of ILs/water systems at 25 °C 202 

IL Carbon atoms  

in side-chains 

Cmc 

(mM) 
γcmc 

(mN/m) 

TK 

(°C) 

8b 4 — — — 
8c 6 62.0 29 <10 

8d 8   6.5 28 <10 

8e 10  1.3 28 <10 

8f 12    0.89 29 <10 

8g Benzyl — — — 
9b 4 — — — 
9c 6  40.8 29 <10 

9d 8  3.8 31 <10 

9e 10 0.9 30 <10 

9f 12 0.3 31 <10 

9g Benzyl — — — 

 203 

Biodegradation results 204 

 ‘Closed bottle’ OECD 301D test was used to evaluate the biodegradability of synthesized ILs as highlighted in 205 

the experimental section. ILs with only imidazolium cations revealed higher degradation than those based on 206 

benzimidazolium moieties as shown in Fig. 8 and 9. Further, the biodegradation was improved to highest percent 207 

of 51% in 8f (dodecyl side chain) due to alkyl side chain length increment
53

 as illustrated in Fig. 8. The presence 208 

of fused aromatic rings increased the stability of the ILs towards microbial degradation, therefore, changing the 209 

cationic part to benzimidazolium compound 9f (dodecyl side chain) has reduced the IL degradation to 45% as 210 

revealed in Fig 9.  211 

Moreover, the tri-ester linkages improved the biodegradation progression of the synthesized ILs; and upon 212 

concordance, it was agreed that microbial enzymatic hydrolysis of the ester bonds could be the possible initiation 213 

stage in degradation enhancement. As a result, separation of imidazolium-alkyl chain fragment and 214 

corresponding primary alcohol that would consider as readily metabolized via fatty acid β-oxidation was 215 

achieved.
15,36,54

 The ILs biodegradation was promoted due to reasonable solubility for both of the produced 216 

fragments in water. Similar trend in degradation percentage have previously reported in literature
36

 for ILs with 217 

mono-imidazolium cation containing ester groups.   218 

 219 

 220 
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 221 

Fig  8. Biodegradation curves of tris-imidazolium ILs series using closed-bottle test. 222 

 223 

Fig  9. Biodegradation curves of tris-benzimidazolium ILs series using closed-bottle test. 224 
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For the purpose of starting and end test identification based on standard SDS samples results
38,55

 and current ILs 225 

biodegradation curves, 16 days test duration was considered due to attain a plateau from the last three 226 

measurements of these curves as shown in Fig. 8 and 9. Moreover, obvious difference in biodegradation values 227 

was notified in 10 days comparing to 16 days of the test duration as shown in Fig. 10 and 11. 228 

Furthermore, the presence of aliphatic alkyl side chain altered the hydrophobicity of mono-cationic ILs and 229 

subsequently enhanced their biodegradation.
53

 In comparison to mono-cationic ILs,
36,56,57 current tris-cationic ILs 230 

showed a higher degradation percentage within shorter test duration in the presence of long linear alkyl side 231 

chains. Moreover, changing the side chains from aliphatic groups (butyl- dodecyl) to aromatic chains (benzyl) 232 

demonstrated a significant decreasing in degradation; 20 % and 16% in both 8g and 9g, respectively, as shown in 233 

Fig. 10 and Fig. 11. The summarized biodegradation results of synthesized tris-imidazolium and bezimidazolium 234 

ILs are illustrated in Table 4. 235 

Table 4: Biodegradation results of synthesized tris-imidazolium and bezimidazolium ILs as a function of alkyl 236 

chains length. 237 

IL 

Carbon 

atoms in 

side-chains 

Biodegradation (%) 

10 day 16 day 

8b 4 22 27 

8c 6 25.5 36 

8d 8 39 47 

8e 10 39 45 

8f 12 43 51 

8g Benzyl 14.5 20 

9b 4 16.5 22 

9c 6 20.5 27 

9d 8 27 35.5 

9e 10 31 40 

9f 12 36 45 

9g Benzyl 13 16 

 238 

 239 

Page 12 of 22RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



12 

 

 240 

Fig 10. Biodegradation of tris-imidazolium ILs series as a function of aliphatic or aromatic side chains on 10 and 241 

16 days. 242 

 243 

Fig 11. Biodegradation of tris-benzimidazolium ILs series as a function of aliphatic or aromatic side chains on 244 

10 and 16 days. 245 
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Generally, the tested ILs displayed significant levels of biodegradation, where ILs (8d, 8e, 8f and 9f) showed 247 

distinctive biodegradability values of 47%, 45%, 51%, and 45%, respectively, after 16 days period from test 248 

evaluation. The results indicated that these ILs are on the border of 60% pass level of readily 249 

biodegradation.
35,37,53

 250 

Conclusions  251 

Tris-imidazolium and tris-benzimidazolium ILs contain incorporation of alkyl or phenyl side chains with tri-252 

ester groups was generally found semi-solid to syrup at room temperature. Metathesis of chloride anion to NTf2 253 

was tuned it to liquids in excellent yield and purity. In absence of solvent, only compounds with ≥ 10 carbon 254 

atoms at their hydrocarbon chains shows assembly behaviour. Compounds containing 8 carbon atoms are still 255 

possible to assembly by addition of solvents either polar or nonpolar. These ILs surfactants are useful in wide 256 

temperature range with Krafft temperature lower than 10 °C and effectively reduce the water surface tension to 257 

29 mN/m. The imidazolium ILs resulted significant increasing in phase behaviour properties and biodegradation 258 

compared to benzimidazolium ILs. Generally, ILs bearing imidazolium cations exhibit higher percentages of 259 

degradation as compared to those with benzimidazolium.  260 

The factors that improved the biodegradation of surfactants have successfully been used to develop the 261 

biodegradation and self-assemble behaviour of the synthesized tri-cationic ILs. Further, comparing to mono-262 

cationic ILs, these developed properties of synthesized tris-imidazolium and benzimidazolium ILs are highly 263 

enhanced by increasing the ILs hydrophobicity. Precisely, ILs incorporating the long linear alkyl (i.e. octyl, 264 

decyl, dodecyl) in the side chains presented on the border of the 60% pass level of readily biodegradation results 265 

with capability to self-assemble spontaneously or in the presence of a solvent.  266 

The  resistance to aerobic biodegradation is generally increased for compounds with halogens (chloride) as a 267 

counter ion.
38

 Therefore, a more detailed study of counter-ion effect on biodegradation is in progress towards 268 

readily biodegradable for these tris-imidazolium and benzimidazolium ILs. Antibacterial evolution for current 269 

ILs will be reported in future work. Furthermore, determination of the physical properties of the synthesized ILs 270 

(e.g. solubility, thermal stability, cyclic voltammetry and fluorescence) will be reported in due course. 271 

Experimental 272 

1-Methylimidazole (99%) and 1-butylimidazol (98%) were purchased from Aldrich and distilled before usage to 273 

remove the detrimental impurities. 1-hexylimidazole, 1-octylimidazole, 1-decylimidazole, 1-dodecylimidazole, 274 

1-benzylimidazole, 1-butylbenzimidazole, 1-hexylbenzimidazole, 1-octylbenzimidazole, 1-decylbenzimidazole, 275 

1-dodecylbenzimidazole, and 1-benzylbenzimidazole were prepared as described below. 1-bromohexane, 1-276 

bromooctane, 1-bromodecane, 1-bromododecane and benzyl bromide were obtained from commercial sources 277 

and used without further purification. All ILs were kept in fridge (5 °C) and freezer (‒18 °C) for further 278 

evaluation of their properties. General grade solvents and reagents were purchased from commercial suppliers 279 

and used without further purification. The IR spectra were obtained with a Perkin Elmer 400 Fourier Transform 280 

Infrared (FTIR) spectrometer. Both of 
1
H and 

13
C-NMR spectra were recorded on Jeol Lambda and ECA-281 

DELTA as well as Bruker spectrometers at 400 MHz while 
19

F-NMR was recorded using Bruker spectrometers 282 

400 MHz. High-resolution mass spectra were recorded on Agilent Technologies 6530 Accurate Q-TOF LC–MS 283 

system, applying DMSO /MeOH eluents for ILs sample compounds while Agilent 5975 system for EI/MS 284 

(NUS, Singapore) for the rest compounds. Thin layer chromatography was carried out on pre-coated silica gel 285 

plates (0.25 mm, 20 × 20 cm, 60F254, E. Merck).  286 

 287 
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Procedure for Synthesis of compound 3 288 

This compound was prepared according to modification applied to a procedure described in literature.
58

 289 

1,1,1-Tris(hydroxymethyl)ethane 1 (10 g, 83.3 mmol) was dissolved and refluxed with minimum amount of 290 

chloroacetyl chloride 2 until all HCl gas was liberated (pursue by wet litmus paper). The reaction mixture was 291 

evaporated in vacuo until the excess of acid chloride was removed. The crude product was purified by co-292 

evaporation with toluene (4-5 times) to produce pale-yellow viscous syrup solidified after few days. Re-293 

crystallization from dry acetonitrile gave compound 3 as colourless crystals. 294 

General Procedure for Synthesis of 6c-g and 7b-g 295 

   These compounds were prepared according to modification applied to a procedure described in literature.
59

 296 

Potassium hydroxide (8.24 g, 147 mmol) was added to a solution of imidazole (5g) or benzimidazole (8.67g), 297 

(73.4 mmol) in DMSO (30 mL) and the mixture was stirred for 30 min at room temperature. The corresponding 298 

alkyl halide (61.2 mmol) was added portion-wise under vigorous stirring in a water bath and the stirring was 299 

continued for overnight. The mixture was quenched with water (200 mL) and extracted with diethyl ether (3 × 300 

25 mL). The combined extracts were washed with water, dried over anhydrous magnesium sulphate and the 301 

solvent was evaporated off under reduced pressure. 302 

 303 

Tris-((N-methyl-imidazoliumyl-acetayloxy)methyl)ethane chloride (8a) 304 

A solution of 1-methylimidazole (1.34 g, 1.3 mL, 16.3 mmol) in acetonitrile anhydrous (5mL) was added drop-305 

wise to a stirred solution of tris-((2-chloro-acetayloxy)methyl)ethane (compound 3) (1.9g, 5.43 mmol) in 306 

acetonitrile anhydrous (15 mL) at room temperature under a nitrogen atmosphere. The reaction mixture was 307 

stirred vigorously for 3 hours and refluxed at 50-55 °C for 3-4 days. The acetonitrile top layer was decanted and 308 

the IL washed with diethyl ether (3 × 10 mL), then residual solvent removed in vacuo. The product was dried at 309 

(40 °C, 0.01 mmHg) for 48 h to provide a viscous hygroscopic semi-solid in 97% yield (3.14 g). Molecular 310 

Formula: C23H33Cl3N6O6; Mol. Wt.: 595.90; FTIR (cm
-1

): 3072 (C-H)Ar, 2970, 2925, 2852 (C-H)Aliph, 1744 311 

(C=O), 1631 (C=N), 1565, 1464  (C=C)Ar, 1214, 1185 (C-O); 
1
H-NMR (400 MHz, CD3OD) δ ppm: 9.13 (bt~s, 312 

3H, C-HImidazole, major), 9.10 (bt~s, 3H, C-HImidazole, minor), 7.72 (t, J =1.95 Hz, 3H, C-HImidazole, major), 7.70 (t, J 313 

=1.95 Hz, 3H, C-HImidazole, minor), 7.67 (t, J =1.95 Hz, 3H, C-HImidazole, major), 7.65 (t, J =1.95 Hz, 3H, C-314 

HImidazole, minor), 5.33 (s, 6H, O-CH2, major), 5.29 (s, 6H, O-CH2, minor), 4.18 (s, 6H, N-CH2), 3.99 (s, 9H, α-315 

CH3, major), 3.94 (s, 9H, α-CH3, minor), 1.09 (s, 3H, CH3, major), 0.98 (s, 3H, CH3, minor); 
13

C-NMR (100 316 

MHz, CD3OD) δ ppm: 167.81 (C=O, minor), 167.74 (C=O, major), 139.35 (CHImidazole, major), 137.88 317 

(CHImidazole, minor), 125.14 (CHImidazole, major), 124.72 (CHImidazole, major), 124.45 (CHImidazole, minor), 123.36 318 

(CHImidazole, minor), 68.68 (CH2-O, minor), 67.98 (CH2-O, major), 50.85 (CH2-N), 39.90 (-C-), 36.80 (α-CH3, 319 

major), 35.10 (α-CH3, minor), 17.11 (CH3, major), 16.99 (CH3, minor); HRMS: m/z, [M
+3

‒2H]−3Cl
−
 calcd. for 320 

C23H31N6O6
5+ 

: 487.2305, found: 487.2330. 321 

Tris-((N-hexyl-imidazoliumyl-acetayloxy)methyl)ethane chloride (8c) 322 

This compound was prepared analogously to 8a using tris-((2-chloro-acetayloxy)methyl)ethane (compound 3) 323 

(1.9 g, 5.43 mmol) and 1-hexylimidazole (6c) (2.48 g, 16.3 mmol) to provide a viscous hygroscopic syrup in 324 

98% yield (4.29 g). Molecular Formula: C38H63Cl3N6O6; Mol. Wt.: 806.30; FTIR (cm
-1

): 3058 (C-H)Ar, 2955, 325 

2929, 2859 (C-H)Aliph, 1749 (C=O), 1641 (C=N), 1564, 1463 (C=C)Ar, 1192, 1165 (C-O);
1
H-NMR (400 MHz, 326 
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DMSO-d6) δ ppm: 9.66 (bt~s, 3H, C-HImidazole, major), 9.60 (bt~s, 3H, C-HImidazole, minor), 9.53 (bt~s, 3H, C-327 

HImidazole, minor), 7.95 (t, J =1.71 Hz, 3H,C-HImidazole, major), 7.90 (t, J =1.71 Hz, 3H,C-HImidazole, major), 7.84 (t, 328 

J =1.71 Hz, 3H, Hz, C-HImidazole, minor), 7.80 (t, J =1.71 Hz, 3H, C-HImidazole, minor), 5.50 (s, 6H, O-CH2, major), 329 

5.43 (s, 6H, O-CH2, minor), 4.25 (t, J= 7.07 Hz, 6H,α-CH2, major), 4.16 (t, J= 7.07 Hz, 6H, α-CH2, minor), 4.06 330 

(bs, 6H, N-CH2), 1.81-1.74 (m, 6H, β-CH2), 1.24 (bs, 18H, bulk-CH2), 0.94 (s, 3H, CH3), 0.84 (t, 9H, J =6.83 331 

Hz, ω-CH3); 
13

C-NMR (100 MHz, DMSO-d6) δ ppm: 168.12 (C=O), 137.33 (CHImidazole, minor), 137.23 332 

(CHImidazole, major), 123.94 (CHImidazole), 122.12 (CHImidazole, minor), 121.98 (CHImidazole, major), 63.98 (CH2-O), 333 

49.78 (CH2-N, major), 49.68 (CH2-N, minor), 49.00 (α-CH2, minor), 48.94 (α-CH2, major)), 40.68 (-C-), 30.52 334 

(ω-2), 29.34 (bulk-CH2), 25.09 (β), 21.91 (ω-1), 16.62 (CH3, minor), 16.47 (CH3, major), 13.84 (ω); HRMS: 335 

m/z, [M
+3

‒2H]−3Cl
−
 calcd. for C38H61N6O6

5+ 
: 697.4653, found: 697.4648. 336 

Tris-((N-dodecyl-imidazoliumyl-acetayloxy)methyl)ethane chloride (8f) 337 

This compound was prepared analogously to 8a using tris-((2-chloro-acetayloxy)methyl)ethane (compound 3) 338 

(1.9 g, 5.43 mmol) and 1-dodecylimidazole (6f) (3.85 g, 16.3 mmol) to provide a viscous hygroscopic syrup in 339 

99% yield (5.24 g). Molecular Formula: C56H99Cl3N6O6; Mol. Wt.: 1058.78; FTIR (cm
-1

): 3058 (C-H)Ar, 2955, 340 

2925, 2859 (C-H)Aliph, 1749 (C=O), 1677 (C=N), 1564, 1466 (C=C)Ar, 1199, 1164 (C-O); 
1
H-NMR (400 MHz, 341 

CD3OD) δ ppm: 9.20 (bt~s, 3H, C-HImidazole, major), 9.14 (bt~s, 3H, C-HImidazole, minor), 9.08 (bt~s, 3H, C-342 

HImidazole, minor), 7.71 (dt, J =8.15, 1.81 Hz, 6H, C-HImidazole, major), 7.67 (dt, 6H, J =8.15, 1.81 Hz, C-HImidazole, 343 

minor), 5.31 (s, 6H, O-CH2, major), 5.28 (s, 6H, O-CH2, minor), 5.26 (s, 6H, O-CH2, minor), 4.27 (t, J= 7.25 Hz, 344 

6H, α-CH2, major), 4.23 (t, J= 7.25 Hz, 6H, α-CH2, minor), 4.18 (s, 6H, N-CH2, major), 4.14 (s, 6H, N-CH2, 345 

minor), 1.93-1.84 (m, 6H, β-CH2), 1.26 (bs, 54H, bulk-CH2), 1.07 (s, 3H, CH3, major), 1.05 (s, 3H, CH3, minor), 346 

0.87 (t, 9H, J =6.80 Hz, ω-CH3); 
13

C-NMR (100 MHz, CD3OD) δ ppm: 167.87 (C=O, major), 167.78 (C=O, 347 

minor), 138.82 (CHImidazole), 125.38 (CHImidazole), 123.56 (CHImidazole), 68.18 (CH2-O, major), 67.87 (CH2-O, 348 

minor), 67.60 (CH2-O, minor),  51.22 (CH2-N), 50.98 (α-CH2, major), 50.69 (α-CH2, minor), 39.87 (-C-), 33.17 349 

(ω-2), 31.24, 30.85(2), 30.76, 30.66, 30.57, 30.22 (bulk-CH2), 27.36 (β), 23.83 (ω-1), 17.24 (CH3, major), 17.18 350 

(CH3, minor), 14.56 (ω); HRMS: m/z, [M
+3

‒2H]−3Cl
−
 calcd. for C56H97N6O6

5+ 
: 949.7470, found: 949.7479. 351 

Tris-((N-benzyl-imidazoliumyl-acetayloxy)methyl)ethane chloride (8g) 352 

This compound was prepared analogously to 8a using tris-((2-chloro-acetayloxy)methyl)ethane (compound 3) 353 

(1.9 g, 5.43 mmol) and 1-benzylimidazole (6g) (2.58 g, 16.3 mmol) to provide a pale yellow hygroscopic semi-354 

solid in 91% yield (4.12 g). Molecular Formula: C41H45Cl3N6O6; Mol. Wt.: 824.19; FTIR (cm
-1

): 3063 (C-H)Ar, 355 

2977 (C-H)Aliph, 1747 (C=O), 1661 (C=N), 1563, 1497 (C=C)Ar, 1197, 1158 (C-O); 
1
H-NMR (400 MHz, DMSO-356 

d6) δ ppm: 9.69 (s, 3H, C-HImidazole, major), 9.57 (s, 3H, C-HImidazole, minor),  9.44 (s, 3H, C-HImidazole, minor), 7.92 357 

(t, J =1.71, 6H, C-HImidazole, major), 7.87 (t, J =1.71, 6H, C-HImidazole, minor), 7.45-7.20 (m, 15H, C-HAr), 5.56 (s, 358 

6H, Ar-CH2), 5.47 (s, 6H, O-CH2, major), 5.42 (s, 6H, O-CH2, minor), 5.36 (s, 6H, O-CH2, minor), 4.03 (d~t, 359 

6H, N-CH2), 0.89 (s, 3H, CH3); 
13

C-NMR (100 MHz, DMSO-d6) δ ppm: 167.19 (C=O, minor), 166.64 (C=O, 360 

major), 137.54 (CHImidazole), 134.85 (-CAr-CH2-), 128.98 (2×CHA), 128.77 (CHAr) 128.39 (2×CHAr), 124.22 361 

(CHImidazole), 122.22 (CHImidazole, minor) 122.15 (CHImidazole, major), 66.48 (CH2-O, major), 66.34 (CH2-O, minor) 362 

51.88 (CH2-N), 49.68 (Ar-CH2-), 41.10 (-C-), 16.31 (CH3, major), 16.20 (CH3, minor); HRMS: m/z, [M
+3

‒363 

2H]−3Cl
−
 calcd. for C41H43N6O6

5+ 
: 715.3244, found: 715.3274. 364 

Tris-((N-butyl-benzimidazoliumyl-acetayloxy)methyl)ethane chloride (9b) 365 

To a stirred solution of tris-((2-chloro-acetayloxy)methyl)ethane (compound 3) (1.9g, 5.43 mmol) in acetonitrile 366 

anhydrous (15 mL), the solution of 1-butyl-benzimidazole (7b) (2.84 g, 16.3 mmol) in acetonitrile anhydrous (5 367 
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mL) was added drop-wise at room temperature and under nitrogen atmosphere. The reaction mixture was 368 

refluxed at 45-50 °C for 2-3 days, then at room temperature for 5 hours. The acetonitrile top layer was decanted 369 

and the IL washed with diethyl ether (3 × 10 mL), then residual solvent evaporated under reduced pressure. The 370 

product was dried at (40 °C, 0.01 mmHg) for 72 h to provide a viscous hygroscopic syrup in 97% yield (4.65 g). 371 

Molecular Formula: C44H57Cl3N6O6; Mol. Wt.: 872.32; FTIR (cm
-1

): 3025 (C-H)Ar, 2950, 2935, 2862 (C-H)Aliph, 372 

1748(C=O), 1616(C=N), 1559, 1478, 1460 (C=C)Ar, 1197, 1160 (C-O); 
1
H-NMR (400 MHz, DMSO-d6) δ ppm: 373 

10.30 (s, 3H, C-HBImidazole, major), 10.23 (s, 3H, C-HBImidazole, minor), 10.18 (s, 3H, C-HBImidazole, minor), 8.14-374 

8.07 (m, 6H, CHAr), 7.71-7.61 (m, 6H, CHAr), 5.81 (s, 6H, O-CH2, major), 5.76 (s, 6H, O-CH2, minor), 4.58 (t, 375 

J=6.83, 6H, α-CH2, major), 4.50 (t, J=6.83, 6H, α-CH2, minor), 4.05 (s, 6H, N-CH2, minor), 4.00 (s, 6H, N-CH2, 376 

major), 1.91-1.83 (m, 6H, β-CH2, major ), 1.79-1.72 (m, 6H, β-CH2, minor), 1.36- 1.27 (m, 6H, (ω-1)), 0.89 (t, 377 

9H, J =7.32 Hz, ω-CH3), 0.81 (s, 3H, CH3); 
13

C-NMR (100 MHz, DMSO-d6) δ ppm: 166.88 (C=O), 143.37 378 

(CHBImidazole, major), 142.97 (CHBImidazole, minor), 131.43 (CAr), 129.71 (CAr), 124.80 (CHAr), 124.73 (CHAr), 379 

115.03 (CHAr), 113.12 (CHAr), 66.22 (CH2-O), 47.52 (CH2-N), 45.91 (α-CH2, major), 45.09 (α-CH2, minor), 380 

38.12 (-C-), 32.23 ((ω-2), minor), 31.85 ((ω-2), major), 17.98 ((ω-1), minor), 17.32 ((ω-1), major), 16.15 (CH3), 381 

13.80 ((ω), minor), 13.69 ((ω), major); HRMS: m/z, [M
+3

‒2H]−3Cl
−
 calcd. for C44H55N6O6

5+ 
: 763.4183, found: 382 

763.4223. 383 

Tris-((N-decyl-benzimidazoliumyl-acetayloxy)methyl)ethane chloride (9e) 384 

This compound was prepared analogously to 9b using tris-((2-chloro-acetayloxy)methyl)ethane (compound 3) 385 

(1.9 g, 5.43 mmol) and 1- decyl-benzimidazole (7e) (4.21 g, 16.3 mmol) to provide a viscous hygroscopic syrup 386 

in 99% yield (6.00g). Molecular Formula: C62H93Cl3N6O6; Mol. Wt.: 1124.80; FTIR (cm
-1

): 3134 (C-H)Ar, 2958, 387 

2923, 2854 (C-H)Aliph, 1749 (C=O), 1619 (C=N), 1562 1485, 1463 (C=C)Ar, 1199 (C-O); 
1
H-NMR (400 MHz, 388 

DMSO-d6) δ ppm: 10.36 (s, 3H, C-HBImidazole, major), 10.22 (s, 3H, C-HBImidazole, minor), 10.12 (s, 3H, C-389 

HBImidazole, minor), 8.14-8.09 (m, 6H, CHAr), 7.71-7.61 (m, 6H, CHAr, major), 7.30-7.20 (m, 6H, CHAr, minor), 390 

5.84 (s, 6H, O-CH2, major), 5.78 (s, 6H, O-CH2, minor), 5.73 (s, 6H, O-CH2, minor), 4.56 (t, J=7.25, 6H, α-CH2, 391 

major), 4.51 (t, J=7.25, 6H, α-CH2, minor), 4.04 (s, 6H, N-CH2, minor), 3.99 (s, 6H, N-CH2, major), 3.97 (s, 6H, 392 

N-CH2, minor), 1.92- 1.85 (m, 6H, β-CH2), 1.20 (bs, 42H, bulk-CH2), 0.86 (s, 3H, CH3), 0.82 (t, 9H, J=6.80, ω-393 

CH3); 
13

C-NMR (100 MHz, DMSO-d6) δ ppm: 167.17 (C=O, minor), 166.44 (C=O, major), 143.37 (CHBImidazole, 394 

major), 142.28 (CHBImidazole, minor), 131.51 (CAr), 130.63 (CAr), 126.77 (CHAr), 126.69 (CHAr), 114.09 (CHAr, 395 

major), 113.99 (CHAr, minor),  113.77 (CHAr), 66.30 (CH2-O, major), 66.17 (CH2-O, minor), 47.53 (CH2-N), 396 

46.82 (α-CH2, major), 46.66 (α-CH2, minor), 38.17 (-C-), 31.29 ((ω-2), major), 30.71 ((ω-2), minor), 28.91, 397 

28.87, 28.68, 28.57, 28.64 (bulk-CH2), 25.71 (β), 22.10 (ω-1), 16.18 (CH3, major), 16.11 (CH3, minor), 13.95 398 

(ω); HRMS: m/z, [M
+3

‒2H]−3Cl
−
 calcd. for C62H91N6O6

5+ 
: 1015.7000, found: 1015.7055. 399 

Tris-((N-dodecyl-benzimidazoliumyl-acetayloxy)methyl)ethane chloride (9f) 400 

This compound was prepared analogously to 9b using tris-((2-chloro-acetayloxy)methyl)ethane (compound 3) 401 

(1.9 g, 5.43 mmol) and 1-dodecyl-benzimidazole (7f) (4.67 g, 16.3 mmol) to provide a viscous hygroscopic 402 

syrup in 99% yield (6.50g). Molecular Formula: C68H105Cl3N6O6; Mol. Wt.: 1208.96; FTIR (cm
-1

): 3132 (C-H)Ar, 403 

2955, 2925, 2855 (C-H)Aliph, 1749 (C=O), 1619 (C=N), 1562, 1486, 1455 (C=C)Ar, 1198 (C-O); 
1
H-NMR (400 404 

MHz, CD3OD) δ ppm: 9.77 (s, 3H, C-HBImidazole, major), 9.73 (s, 3H, C-HBImidazole, minor), 9.67 (s, 3H, C-405 

HBImidazole, minor),  8.02-7.89 (m, 6H, CHAr),  7.73-7.57 (m, 6H, CHAr, major), 7.42-7.33 (m, 6H, CHAr, minor),  406 

5.63 (s, 6H, O-CH2, major), 5.60 (s, 6H, O-CH2, minor), 5.58 (s, 6H, O-CH2, minor), 4.54 (t, J=7.25, 6H, α-CH2, 407 

major), 4.34 (t, J=7.25, 6H, α-CH2, minor), 4.20 (s, 6H, N-CH2, minor ), 4.17 (s, 6H, N-CH2, major), 4.05 (s, 6H, 408 

N-CH2),  2.04- 1.96 (m, 6H, β-CH2), 1.25 (bs, 54H, bulk-CH2), 1.00 (s, 3H, CH3), 0.86 (t, J=7.25, 9H, ω-CH3); 409 

13
C-NMR (100 MHz, CD3OD) δ ppm: 167.54 (C=O, minor), 166.26 (C=O, major), 142.72 (CHBImidazole, major), 410 
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142.46 (CHBImidazole, minor), 131.90 (CAr), 131.09 (CAr), 127.19 (CHAr), 127.09 (CHAr), 113.47 (CHAr), 113.35 411 

(CHAr), 66.59 (CH2-O, minor), 66.48 (CH2-O, major), 66.07 (CH2-O, minor), 45.41 (CH2-N), 40.33 (α-CH2), 412 

38.75 (-C-), 31.75 (ω-2), 29.44 (2), 29.35, 29.25, 29.15, 28.90, 28.87 (bulk-CH2), 26.34 ((β), minor), 26.18 ((β), 413 

major), 22.42 (ω-1), 15.72 (CH3), 13.17 (ω); HRMS: m/z, [M
+3

‒2H]−3Cl
−
 calcd. for C68H103N6O6

5+
: 1099.7939, 414 

found: 1099.7964. 415 

Tris-((N-methyl-imidazoliumyl-acetayloxy)methyl)ethane bis(trifluoromethylsulfonyl)amide 416 

 (10a)  417 

A flask was charged with tris-((N-methyl-imidazoliumyl-acetayloxy)methyl)ethane chloride 8a (0.6 g, 1.0 mmol) 418 

and deionized water (10 mL). Lithium bis-(trifluoromethanesulphonyl)imide LiNTf2 (1.0 g, 3.5 mmol) in 419 

deionized water (3 mL) was added in one portion and the suspension was stirred vigorously for 7 h at room 420 

temperature. The mixture was extracted with Ethyl acetate (3×5mL) after stirring for 1h each time. The 421 

combined organic layers were evaporated on the rotary evaporator and under high vacuum for 8 h to remove the 422 

solvent and produce a clear viscous hygroscopic liquid at room temperature in 81% yield (1.08 g). Molecular 423 

Formula: C29H33F18N9O18S6; Mol. Wt.: 1329.98; FTIR (cm
-1

): 3070 (C-H)Ar, 2970, 2932, 2857 (C-H)Aliph, 1750 424 

(C=O), 1642 (C=N), 1555, 1468  (C=C)Ar, 1359, 1220 (C-F), 1362, 1150 (O=S=O), 1220, 1184(C-O); 
1
H-NMR 425 

(400 MHz, CD3OD) δ ppm: 8.70 (s, 3H, C-HImidazole, minor), 8.68 (s, 3H, C-HImidazole, minor), 8.66 (s, 3H, C-426 

HImidazole, major), 7.39 (dt, 6H, J =10.79, 1.76, Hz, C-HImidazole), 4.98 (s, 6H, O-CH2, major), 4.97 (s, 6H, O-CH2, 427 

minor), 4.94 (s, 6H, O-CH2, minor), 3.98 (s, 6H, N-CH2, major), 3.95 (s, 6H, N-CH2, minor), 3.93 (s, 6H, N-428 

CH2, minor), 3.75 (s, 9H, α-CH3), 0.87 (s, 3H, CH3); 
13

C-NMR (100 MHz, CD3OD) δ ppm: 167.90 (C=O, 429 

minor), 167.75 (C=O, major), 139.32 (CHImidazole), 126.07, 122.89, 119.71, 116.52 (q, J=320, CF3), 125.22 430 

(CHImidazole), 124.91 (CHImidazole), 68.76 (CH2-O, minor), 68.00 (CH2-O, major), 50.82 (CH2-N), 40.19 (-C-), 431 

36.85 (α-CH3), 17.03 (CH3). 
19

F (336, MHz) δ ppm: ‒80.12; HRMS: m/z, [M
+3

‒2H]−3NTF2
͞
  calcd. for 432 

C23H31N6O6
5+ 

: 487.2305,  found: 487.2285; m/z, [NTF2]
 ͞  
calcd. for C2F6NO4S2

−
: 279.9173, found: 279.9169. 433 

Tris-((N-benzyl-imidazoliumyl-acetayloxy)methyl)ethane bis(trifluoromethylsulfonyl)amide (10g) 434 

This compound was prepared analogously to 10a using tris-((N-benzyl-imidazoliumyl-acetayloxy)methyl)etha- 435 

ne chloride 8g (0.82 g, 1.0 mmole) and Lithium bis-(trifluoromethanesulphonyl)imide LiNTf2 (1.0 g, 3.5 mmol) 436 

to provide a clear viscous hygroscopic liquid at room temperature in 91% yield (1.41 g). Molecular Formula: 437 

C47H45F18N9O18S6; Mol. Wt.: 1558.27; FTIR (cm
-1

): 3070 (C-H)Ar, 2990 (C-H)Aliph, 1750 (C=O), 1661 (C=N), 438 

1555, 1487 (C=C)Ar, 1340, 1210 (C-F), 1372, 1154 (O=S=O), 1207, 1169 (C-O); 
1
H-NMR (400 MHz, CD3OD) 439 

δ ppm: 9.05 (s, 3H, C-HImidazole, minor), 9.03 (s, 3H, C-HImidazole, minor), 9.01 (s, 3H, C-HImidazole, major), 7.67 440 

(bt~s, 6H, C-HImidazole, minor), 7.63 (bt~s, 6H, C-HImi, major), 7.59 (bt~s, 6H, C-HImidazole, minor), 7.43-7.21 (m, 441 

15H, C-HAr), 5.45 (s, 6H, Ar-CH2, minor), 5.43 (s, 6H, Ar-CH2, major), 5.19 (s, 6H, O-CH2), 4.18 (s, 6H, N-442 

CH2, minor), 4.15 (s, 6H, N-CH2, major), 4.13 (s, 6H, N-CH2, minor), 1.05 (s, 3H, CH3, minor), 1.03 (s, 3H, 443 

CH3, minor), 1.01 (s, 3H, CH3, major); 
13

C-NMR (100 MHz, CD3OD) δ ppm: 167.74 (C=O, major), 167.69 444 

(C=O, minor), 138.88 (CHImidazole, minor), 138.79 (CHImidazole, major), 135.05 (-CAr-CH2-), 130.66 (2×CHA), 445 

129.88 (2×CHA), 126.09, 122.91, 119.73, 116.55 (q, J=319, CF3), 125.65 (CHImidazole), 123.71 (CHImidazole), 68.15 446 

(CH2-O, minor), 68.01 (CH2-O, major), 67.43 (CH2-O, minor),  54.49 (CH2-N), 50.97 (Ar-CH2-), 40.14 (-C-), 447 

17.07 (CH3, minor), 17.00 (CH3, major). 
19

F (336, MHz) δ ppm: ‒79.97; HRMS: m/z, [M
+3

‒2H]−3NTF2
͞
   calcd. 448 

for C41H43N6O6
5+ 

: 715.3244, found: 715.3281; m/z, [NTF2]
 ͞  
calcd. for C2F6NO4S2

‒
: 279.9173, found: 279.9164.

  
 449 

 450 

 451 

 452 
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Tris-((N-octyl-benzimidazoliumyl-acetayloxy)methyl)ethane bis(trifluoromethylsulfonyl)amide 453 

 (11d) 454 

This compound was prepared analogously to 10a using tris-((N-octyl-benzimidazoliumyl-acetayloxy)methyl) 455 

ethane chloride 9d (1.04 g, 1.0 mmole) and Lithium bis-(trifluoromethanesulphonyl)imide LiNTf2 (1.0 g, 3.5 456 

mmol) to provide a clear viscous hygroscopic liquid at room temperature in 90% yield (1.60 g). Molecular 457 

Formula: C62H81F18N9O18S6; Mol. Wt.: 1774.71; FTIR (cm
-1

): 3120 (C-H)Ar, 2945, 2920, 2850 (C-H)Aliph, 1742 458 

(C=O), 1618 (C=N), 1566, 1483 1460 (C=C)Ar, 1360, 1220 (C-F), 1350, 1172 (O=S=O), 1192(C-O); 
1
H-NMR 459 

(400 MHz, DMSO-d6) δ ppm: 10.03 (s, 3H, C-HBImidazole, major),  9.97 (s, 3H, C-HBImidazole, minor), 9.91 (s, 3H, 460 

C-HBImidazole, minor), 8.13-8.05 (m, 6H, CHAr), 7.54-7.45 (m, 6H, CHAr, minor), 7.12-7.03 (m, 6H, CHAr, major),  461 

5.83 (s, 6H, O-CH2, major), 5.79 (s, 6H, O-CH2, minor), 4.37 (t, J=7.07, 6H, α-CH2, major), 4.29 (t, J=7.07, 6H, 462 

α-CH2, minor), 4.02 (s, 6H, N-CH2, minor), 3.97 (s, 6H, N-CH2, major), 1.92-1.86 (m, 6H, β-CH2), 1.22 (bs, 463 

30H, bulk-CH2), 0.85 (s, 3H, CH3), 0.80 (t, 9H, J=6.80, ω-CH3); 
13

C-NMR (100 MHz, DMSO-d6) δ ppm: 168.10 464 

(C=O, major),  166.72 (C=O, minor), 143.28 (CHBImidazole), 131.72 (CAr), 130.76 (CAr), 126.94 (CHAr), 126.71 465 

(CHAr),  124.46, 121.23, 118.00, 114.76 (q, J=322, CF3), 113.96 (CHAr), 113.78 (CHAr), 62.78 (CH2-O, minor), 466 

62.13 (CH2-O, major), 47.62 (CH2-N), 46.95 (α-CH2), 38.43 (-C-), 31.24 (ω-2), 28.58 (2), 28.47 (bulk-CH2), 467 

25.77 (β), 22.15 (ω-1), 21.07 (CH3, major), 20.78 (CH3, minor), 14.10 ((ω), minor), 13.94 ((ω), major). 
19

F (336, 468 

MHz) δ ppm: ‒80.02; HRMS: m/z, [M
+3

‒2H]−3NTF2
͞
  calcd. for C56H79N6O6

5+ 
: 931.6061, found: 931.6028; 469 

m/z, [NTF2]
 ͞  
calcd. for C2F6NO4S2

−
: 279.9173, found: 279.9201. 470 

Liquid crystal behaviour 471 

Liquid crystalline properties of compounds 8b-f and 9b-f were investigated thermotropically and lyotropically. 472 

Optical polarising microscopy (Olympus BH-2 OPM equipped with Mettler FF82 hot stage and Mettler FP80 473 

Central Processor), was used to identify the optical textures and the transition temperatures. A contact 474 

penetration technique
60

 was applied in lyotropic investigation. It was carried out at room temperature with water 475 

and 1-undecanol as polar and nonpolar solvents, respectively. The images were recorded at 50× magnification.  476 

Air-water interface tension 477 

The surface tensions were measured using KSV Sigma 702 tensiometer at 25 ± 0.5 ºC. The measurements were 478 

based DuNouy ring method in five replications with a standard deviation of less than 0.1 mN m
-1

. The critical 479 

micelle concentration, cmc, was obtained from surface tension against logarithmic concentration plot through the 480 

intersection of two regression lines, where one of them is concentration dependent. Solutions were prepared 481 

using deionized water which was also filtered through 0.25 µm pore membrane producing 71.96 ± 0.09 mN m
-1

, 482 

0.9996±0.0002 g mL
-1

 and 1.0 ±0.1 µS cm
-1

 values for surface tension, density and conductivity, respectively. 483 

Krafft point (TK) 484 

The determination of Krafft temperature, (Tk), applied slow heating of 1 % (w/v) aqueous solution of ILs 485 

surfactant in water bath. It was heated on an IKA hot plate stirrer equipped with temperature controller IKA 486 

ETS-D4 at 5 ºC. min
-1

 over the range 10 ºC to 50 ºC. The changes of transparency was optically monitored to 487 

observe the temperature of clear solution formed.
61

    488 

 489 

Closed Bottle Test  490 

The biodegradability of synthesized ILs (i.e. 8b-g and 9b-g) was evaluated using Closed-Bottle test (OECD 491 

301D) standard protocols.
55

 The analysis was based on biochemical oxygen demand (���) due to IL microbial 492 
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degradation as reported.
38

 The ��� values were derived from the quantified respirometric dissolved oxygen 493 

(��) in a culture containing either IL or sodium n-dodecyl sulphate; SDS as a reference sample. The �� was 494 

measured using CyberScan dissolve oxygen meter ��300 (Eutech Instruments; The Netherlands). 495 

All samples were prepared in capped Scotch bottles, each containing 100 ml of sample solution at 100 mg/L 496 

concentration of IL or reference sample in distilled water. Each sample bottle was inoculated with 1 mL of 497 

microbial effluent collected from a wastewater treatment plant. Samples were prepared in three different groups 498 

of 3 replicates per each sample. Group 1 contained both inoculum and the IL samples, Group 2 contained only 499 

the inoculum (test blank) and Group 3 contained the inoculum and the reference sample (SDS). The solutions 500 

were incubated in the dark at 25 ±1°C for 28 days under continuous shaking (200 rpm), and the �� values were 501 

recorded after every 48 hours. Since the majority of biodegradation changes are only noticed within the first 16 502 

days period of time, 10 and 16 days results were considered. 503 

 The ��� values were calculated based on observed  �� using Equation 3 as reported in literature,
62

  504 

 505 

��� =
	
��	


�
                  (3) 506 

where ��� is initial dissolved oxygen and ��� is the dissolved oxygen at time t. While � is fractional oxygen 507 

volume defined as the ratio of the experimental ��  volume to theoretical ��  volume that obtained from 508 

reference sample. 509 

Further, the percentage biodegradation was calculated according to Equation 4 as following:
38

 510 

%	�������������� = 	
�
		

��
		(
 !	"#

 !		$% &'(	)(*!+
)
	× 100                        (4) 511 

where .ℎ�� represent the theoretical oxygen demand; the amount of oxygen consumed by the microorganisms 512 

in sample corrected for the uptake of O2 by the blank inoculums.
38
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