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One-pot synthesis of symmetric imidazolium ionic liquids N,N-disubstituted with long alkyl chains‡
Giacomo Damilanoa, Demian Kalebića, Koen Binnemansa, and Wim Dehaena*
The DebusRadziszewski imidazole synthesis was adapted to yield directly long-chain imidazolium ionic liquids. Imidazolium acetate ionic liquids with side-chains up to sixteen carbon atoms were synthesised in excellent yields via an on-water, one-pot reaction. The imidazolium acetate ILs acted as surfactants when dissolved in various solvents. The imidazolium acetate ionic liquids were also derivatised via an acid metathesis to the chloride, nitrate, and hydrogen oxalate derivatives. The thermal behaviour of all the ionic liquids was determined via thermogravimetric and calorimetric analysis.
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Introduction
Generally comprised of an organic asymmetrical bulky cation and an inorganic or organic anion, room temperature ionic liquids (ILs) have been defined as salts that are liquid at about or below 100 °C (arbitrary temperature). Being salts, ionic liquids are generally non-volatile and non-flammable. This is in clear contrast to common organic solvents, which are often flammable volatile organic compounds (VOCs). In addition, ionic liquids generally hold a wide liquid range, and a marked chemical, electrochemical, and thermal stability. Because of these features, ionic liquids have fascinated many researchers as alternative solvents with a significant relevance for environmentally sustainable applications.
Usually classified by cation, common classes of ionic liquids are imidazolium, ammonium, pyrrolidinium, phosphonium and pyridinium-based. Amongst these, the research on imidazolium ILs advanced swiftly because of their remarkable molecular structure. 1,2 The heterocyclic structure is at the origin of the stability of imidazolium compounds and the cause of the C2 proton acidity, which is a central feature of the imidazolium ILs reactivity. 3–5
Previous research focused on fundamental studies, which assessed the ILs potential and the suitability to various applications.2,6–9 Imidazolium ILs are of special interest because of the non-innocent nature displayed by the imidazolium cation, which acted not only as a very stable heterocycle but also as an expedient precursor of N-heterocyclic carbenes.7,10–14 This fostered the development of a variety of synthetic procedures. 9,15,16 In spite of the importance of green scalable synthetic procedures for ionic liquids production, advanced synthetic procedures are only lately surfacing. 17–24
	

	[bookmark: _Ref27747073]Scheme 1. General reaction scheme of the Menshutkin reaction.


For example, imidazolium ionic liquids synthesis is generally carried out via a Menshutkin reaction between an N-alkyl imidazole and an alkyl halide (Scheme 1). Quarternisation is usually attained via a bimolecular nucleophilic substitution (SN2) between an imidazole and an alkylation agent (often an alkyl halide), which results in the formation of an imidazolium salt. This synthetic pathway is hardly sustainable, both economically and environmentally. Moreover, the quarternisation reaction often involves the use of costly hazardous and harmful chemicals, polar organic solvents, and elevated temperatures for long reaction times, which are conditions not amenable to an industrial scale procedure.
Moreover, if the targeted anion is not the leaving group of the alkylation agent, it is impractical to eventually exchange it with another one. A nearly complete exchange can be attained via forcing the reaction equilibrium. A common way to proceed is via an halide precipitation with silver salts (when the anion is a halide).25 However, silver salts are expansive both in purchase and because of the need for appropriate recycling procedures. Even so, salt metathesis rarely results in the material devoid of trace impurities, which are often influential in the final use of the product. This can be detrimental to some applications. For example, trace halides can deactivate an expensive metal, impeding the use of reactive metals and metal complexes in such poisoned media. Hence, this path is not suitable as a generic green synthetic procedure with a wide applicability.
In a recent study, the DebusRadziszewski imidazole synthesis was modified to yield directly imidazolium ionic liquids in flow.18,26 The DebusRadziszewski reaction is a four component one-pot cycloaddition directed to the synthesis of imidazoles (Scheme 2). The reaction was developed in the 1880s and its wide scope has been amply studied, but the reaction gives often rather limited yields. 26–31 The modification of this reaction for the production of imidazolium ionic liquids was very effective. It improved the product yields and allowed the direct achievement of imidazolium salts in a one-pot reaction from cheap and widely available starting materials. Differently from the DebusRadziszewski procedure, the scope of the modified imidazolium synthesis was limited to the synthesis of unsubstituted, short-chain, and symmetrical imidazolium ionic liquids (Scheme 3). This limitation was dictated both by the incompatibility of enolisable materials (supposedly because of aldol-type self-condensation) and by the lack of purification and synthetic procedures capable of attaining long-chain N,N-disubstituted imidazolium derivatives.
	

	[bookmark: _Ref15700937]Scheme 2. General reaction scheme of the DebusRadziszewski imidazole synthesis.


Eventually, the procedure was adapted by Depuydt et al. in a solvent-less one-pot synthesis, which was implemented in various studies.17,32 However, none of the studies targeted long chain derivatives, which were a clear limit of the reported procedure.17,32 Besides, some compounds were also reported as a crude mixture because of the difficulties encountered in devising an effective purification procedure capable of isolating the final product.32 This evidenced the need for further studies in order to improve the procedure and scope of the reaction.
	[image: ]

	[bookmark: _Ref22473456]Scheme 3. General reaction scheme of the modified DebusRadziszewski imidazolium synthesis.


Literature reports often have focused on imidazolium ionic liquids comprising N-methyl substituents and with an overall relatively low molecular weight (usually below twenty carbon atoms).33,34 In this study, we adapted the modified DebusRadziszewski reaction to achieve the synthesis of symmetrical 1,3-dialkylimidazolium ionic liquids comprising linear alkyl chains up to 16 carbon atoms. The procedure is very effective, easy to implement, and avoids the use of hazardous diethyl ether in the purification process. Moreover, this modification gives direct access to a series of high molecular weight imidazoles with a limited water solubility, which is of wide interest for their potential use in several applications (e.g. surfactants, liquid crystals, precursors for lipophilic N-heterocyclic carbenes, extractants, and conductive media for batteries and fuels cells).
We report herein an adaptation of the DebusRadizewski reaction to achieve a scalable one-pot procedure for the synthesis of long-chain imidazolium acetate salts. Our analysis showed that the formerly reported modified DebusRadizewski reaction is a nearly optimal synthetic procedure and an example of an on-water reaction. In this study however, the reaction procedure was adjusted to favour the homogeneity of the reaction mixture and to isolate the long-chain imidazolium salts from the crude product. Hence, the purification procedure was changed in relation to the increasing lipophilicity of the investigated compounds. Lastly, the synthesised salts were also derivatised to different ion pair couples to investigate the influence of the anion on these N,N-disubstituted long-chain imidazolium salts.
Experimental
Chemicals
Glyoxal (40 wt% in water), Oxalic acid (98%, 144-62-7), and 1-octylamine (99+%, 111-86-4) were purchased from Acros Organics (Geel, Belgium). 1-Decylamine (98%, 2016-57-1) was purchased from TCI Europe (Zwijndrecht, Belgium). 1-hexadecylamine (94%, 143-27-1) and 1-octadecylamine (≥85%, 124-30-1) were obtained from Merck (Heverlee, Belgium). 1-hexylamine (99%, 111-26-2) and nitric acid (70 wt% in water, 7697-37-2) were bought from Sigma-Aldrich (Diegem, Belgium). 1-Dodecylamine (98%, 124-22-1‎) and 1-tetradecylamine (98%, 2016-42-4) were purchased from Janssen-Chemica (Beerse, Belgium). Acetic acid, glacial (100%, 64-19-7), hydrochloric acid (37 wt% in water, 7647-01-0) and formaldehyde (36 wt% in water, 50-00-0) were obtained from Fisher Scientific Limited (Loughborough, UK). Petroleum ether (b.p. 40-65 °C, technical grade) and acetonitrile (≥99.8%) were obtained from VWR (Heverlee, Belgium). Petroleum ether was distilled prior to use to remove high boiling residues. All other chemicals were used as received without further purification.
Instrumentation and materials
Nuclear magnetic resonance spectra were performed on a spectrometer (Bruker Avance 400) operating at a ¹H frequency of 400 MHz. Fourier transform infrared spectra were recorded with a resolution of 2 cm⁻¹ on a spectrometer (Bruker Vertex 70) in ATR mode (Bruker Platinum ATR module). TGA and DSC analysis were carried out on a TA Instruments TGA Q500 and a TA Instruments DSC Q2000 respectively, in aluminium sample pans with a heating/cooling rate of 10 °C min⁻¹ operating under a nitrogen flow of 60 mL min⁻¹. Ionic liquids were pre-dried for 60 min at 80 °C prior to the TGA measurement. Vacuum measurement were carried out with a digital manometer (Pfeiffer TPG 201). Disposable funnel filters (Chemrus® disposable filter funnel, PP body with PE fritted disk, 18 mL, 25 mm Ø, 10 μm pore Ø) were used for the sample filtration (with exception of the fluoride samples, which melted PP plastics).
[bookmark: _Toc22490682]1,3-Di(octyl)imidazolium acetate ([C₈C₈IM][Ac])
The synthesis was carried out following the general procedure (ESI. Synthetical procedure 1) with 1-octylamine (99%, 25.654 g, 20.065 mL, 0.2 mol), formaldehyde (36.5-38%, 8.34 g, 7.65 mL, 0.1 mol), acetic acid (99.9%, 9.01 g, 8.59 mL, 0.15 mol), glyoxal (40%, 14.51 g, 11.15 mL, 0.1 mol). Isolated yield 34.94 g, 92% (≈0.5 eq of residual acetic acid). Pale to dark orange oil. Decomposition temperature: 223 °C. ¹H NMR (300 MHz, CDCl₃, Me₄Si, δ/ppm): 0.87 (6 H, t, J 6.45), 1.29 (24 H, dt, J 19.11, 4.48), 1.88 (4 H, p, J 7.28, 7.27), 2.02 (3 H, s), 4.34 (4 H, t, J 7.40), 7.10 (2 H, d, J 1.59), 11.67 (1 H, s). ¹³C NMR (100 MHz, CDCl₃, Me₄Si, δ/ppm): 176.7, 139.6, 121.2, 49.9, 31.7, 30.3, 29.0, 29.0, 26.2, 23.7, 22.6, 14.1. IR (Diamond-ATR, neat, cm⁻¹): 2955, 2924, 2856, 1701, 1580, 1466, 1379, 1251, 1165, 1045, 1000, 875, 771, 723, 650, 610, 445. 
[bookmark: _Toc22490683]1,3-Di(octyl)imidazolium nitrate ([C₈C₈IM][NO₃])
The synthesis was carried out following the general procedure (ESI. Synthetical procedure 5) with 1,3-di(octyl)imidazolium acetate (0.8061 g, 2.29 mmol). Isolated yield 0.8200 g, 100%. Orange viscous oil. Decomposition temperature: 285 °C. ¹H NMR (400 MHz, CDCl₃, Me₄Si, δ/ppm): 0.83 - 0.91 (6 H, m), 1.23 - 1.36 (20 H, m), 1.89 (4 H, dq, J 14.98, 7.85, 7.46), 4.26 (4 H, t, J 7.41), 7.26 (2 H, d, J 1.68), 10.17 (1 H, s). ¹³C NMR (100 MHz, CDCl₃, Me₄Si, δ/ppm): 137.2, 122.4, 50.1, 31.7, 30.3, 29.0, 28.9, 26.2, 22.6, 14.1. IR (Diamond-ATR, neat, cm⁻¹): 3135, 3089, 3039, 2955, 2924, 2855, 1744, 1671, 1564, 1465, 1334, 1162, 1122, 1070, 1039, 951, 869, 829, 770, 723, 657, 646, 585, 557, 550, 540, 532, 515, 509, 501, 491, 484, 480, 469, 465, 460, 448, 442, 437, 431, 425, 420, 414, 403. 
[bookmark: _Toc22490684][bookmark: _Toc22490685]1,3-Di(octyl)imidazolium chloride ([C₈C₈IM][Cl]) 
The synthesis was carried out following the general procedure (ESI. Synthetical procedure 4) with 1,3-di(octyl)imidazolium acetate (0.4003 g, 1.14 mmol). Isolated yield 0.3051. g, 82%. Pale yellow colloid. Decomposition temperature: 257 °C. ¹H NMR (400 MHz, CDCl₃, Me₄Si, δ/ppm): 0.80 - 0.94 (6 H, m), 1.19 - 1.38 (20 H, m), 1.92 (4 H, p, J 7.20, 6.99), 4.28 - 4.43 (4 H, m), 7.21 (2 H, d, J 1.64), 11.15 (1 H, d, J 1.72). ¹³C NMR (100 MHz, CDCl₃, Me₄Si, δ/ppm): 137.5, 122.2, 50.0, 31.7, 30.4, 29.1, 29.0, 26.3, 22.6, 14.1. IR (Diamond-ATR, neat, cm⁻¹): 3379, 3132, 3060, 2956, 2923, 2872, 2854, 1637, 1562, 1407, 1377, 1332, 1307, 1246, 1162, 1122, 1023, 773, 723, 658, 607, 569, 502, 438, 410. 
1,3-Di(octyl)imidazolium hydroxalate ([C₈C₈IM][Ox])
The synthesis was carried out following the general procedure (ESI. Synthetical procedure 6) with 1,3-di(octyl)imidazolium acetate (0.8149 g, 2.31 mmol). Isolated yield 0.8925 g, 100%. Dark amber solid. Melting point: 74 °C.  Decomposition temperature: 227 °C. ¹H NMR (400 MHz, CDCl₃, Me₄Si, δ/ppm): 0.85 (6 H, t, J 6.76), 1.26 (24 H, dd, J 14.32, 7.52), 1.82 (4 H, d, J 7.22), 4.22 (4 H, t, J 7.14), 7.33 (2 H, s), 9.17 (1 H, s). ¹³C NMR (100 MHz, CDCl₃, Me₄Si, δ/ppm): 161.7, 136.2, 122.2, 50.1, 31.7, 30.0, 29.0, 28.9, 26.2, 22.6, 14.0. IR (Diamond-ATR, neat, cm⁻¹): 3137, 3109, 3080, 2952, 2922, 2871, 2853, 1731, 1679, 1563, 1465, 1421, 1377, 1352, 1320, 1198, 1158, 918, 885, 838, 789, 696, 660, 597, 578, 476. 
1,3-Di(decyl)imidazolium acetate ([C₁₀C₁₀IM][Ac])
The synthesis was carried out following the general procedure (ESI. Synthetical procedure 1) with 1-decylamine (98%, 31.32 g, 39.80 mL, 0.2 mol), formaldehyde (36.5-38%, 8.34 g, 7.65 mL, 0.1 mol), acetic acid (99.9%, 9.01 g, 8.59 mL, 0.15 mol), glyoxal (40%, 14.51 g, 11.15 mL, 0.1 mol). Isolated yield 40.32 g, 94% (≈0.5 eq of residual acetic acid). Yellow to orange oil. Melting point: 49 °C. Decomposition temperature: 225 °C. ¹H NMR (400 MHz, CDCl₃, Me₄Si, δ/ppm): 0.88 (6 H, t, J 6.81), 1.28 (32 H, d, J 30.33), 1.87 (4 H, dd, J 9.85, 4.86), 2.02 (3 H, s), 4.35 (4 H, t, J 7.40), 7.08 (2 H, d, J 1.48), 11.94 (1 H, d, J 1.61). ¹³C NMR (100 MHz, CDCl₃, Me₄Si, δ/ppm): 176.8, 139.7, 121.1, 49.9, 31.8, 30.3, 29.5, 29.4, 29.3, 29.0, 26.2, 23.6, 22.7, 14.1. IR (Diamond-ATR, neat, cm⁻¹): 2923, 2854, 1563, 1466, 1378, 1255, 1166, 1045, 1000, 878, 722, 651, 611, 445, 3135, 3074, 2955, 2923, 2854, 1699, 1644, 1579, 1563, 1466, 1378, 1325, 1255, 1166, 1122, 1045, 1000, 958, 878, 754, 722, 651, 611, 522, 494, 477, 471, 445, 409, 402. 
[bookmark: _Toc22490686]1,3-Di(decyl)imidazolium nitrate ([C₁₀C₁₀IM][NO₃])
The synthesis was carried out following the general procedure (ESI. Synthetical procedure 5) with 1,3-di(decyl)imidazolium acetate (0.8202 g, 2.01 mmol). Isolated yield 0.8359 g, 101%. Amber solid. Melting point: 27 °C. Decomposition temperature: 296 °C. ¹H NMR (400 MHz, CDCl₃, Me₄Si, δ/ppm): 0.87 (6 H, t, J 6.78), 1.28 (29 H, d, J 26.69), 1.89 (4 H, p, J 7.68, 7.47), 4.25 (4 H, t, J 7.39), 7.40 (2 H, d, J 1.68), 10.00 (1 H, d, J 1.72). ¹³C NMR (100 MHz, CDCl₃, Me₄Si, δ/ppm): 137.2, 122.4, 50.1, 31.9, 30.3, 29.5, 29.4, 29.3, 29.0, 26.3, 22.7, 14.1. IR (Diamond-ATR, neat, cm⁻¹): 3136, 3089, 3040, 2955, 2922, 2853, 1744, 1654, 1564, 1466, 1335, 1162, 1077, 1039, 873, 829, 754, 722, 658, 646, 562, 537, 515, 504, 499, 489, 482, 473, 467, 459, 451, 444, 428, 418, 405. 
[bookmark: _Toc22490687]1,3-Di(decyl)imidazolium chloride ([C₁₀C₁₀IM][Cl])
The synthesis was carried out following the general procedure (ESI. Synthetical procedure 4) with 1,3-di(decyl)imidazolium acetate (0.8135 g, 1.99 mmol). Isolated yield 0.7132 g, 93%. Viscous red deliquescent solid. Melting point: 57 °C.  Decomposition temperature: 256 °C. ¹H NMR (400 MHz, CDCl₃, Me₄Si, δ/ppm): 0.88 (6 H, t, J 6.72), 1.29 (32 H, d, J 34.20), 1.92 (4 H, p, J 7.21, 7.16), 4.36 (4 H, t, J 7.43), 7.30 (2 H, s), 10.90 (1 H, s). ¹³C NMR (100 MHz, CDCl₃, Me₄Si, δ/ppm): 137.8, 121.9, 50.1, 31.8, 30.4, 29.6, 29.5, 29.4, 29.3, 29.0, 26.3, 22.7, 14.1. IR (Diamond-ATR, neat, cm⁻¹): 2956, 2922, 2872, 2853, 1647, 1562, 1466, 1406, 1376, 1333, 1307, 1165, 1123, 1078, 1021, 888, 775, 721, 658, 544, 472, 429. 
1,3-Di(decyl)imidazolium hydroxalate ([C₁₀C₁₀IM][Ox])
The synthesis was carried out following the general procedure (ESI. Synthetical procedure 6) with 1-decylamine (98%, 31.32 g, 39.80 mL, 0.2 mol), formaldehyde (36.5-38%, 8.34 g, 7.65 mL, 0.1 mol), acetic acid (99.9%, 9.01 g, 8.59 mL, 0.15 mol), glyoxal (40%, 14.51 g, 11.15 mL, 0.1 mol). Isolated yield 40.32 g, 94% (≈0.5 eq of residual acetic acid). Dark red solid. Melting point: 70 °C. Decomposition temperature: 250 °C. ¹H NMR (400 MHz, CDCl₃, Me₄Si, δ/ppm): 0.87 (6 H, t, J 6.81), 1.28 (32 H, d, J 26.20), 1.86 (4 H, t, J 7.19), 4.34 (4 H, t, J 7.35), 7.14 (2 H, s), 11.12 (1 H, s). ¹³C NMR (100 MHz, CDCl₃, Me₄Si, δ/ppm): 164.3, 138.3, 122.0, 49.9, 31.8, 30.3, 29.5, 29.4, 29.3, 29.0, 26.2, 22.7, 14.1. IR (Diamond-ATR, neat, cm⁻¹): 3376, 3130, 3067, 2956, 2922, 2872, 2853, 1563, 1529, 1466, 1406, 1376, 1334, 1295, 1215, 1165, 1125, 1042, 721, 659, 533, 502, 434. 
1,3-Di(dodecyl)imidazolium acetate ([C₁₂C₁₂IM][Ac])
The synthesis was carried out following the general procedure (ESI. Synthetical procedure 1) with 1-dodecylamine (98%, 37.571 g, 47.75 mL, 0.2 mol), formaldehyde (36.5-38.0 wt% in water-methanol, 8.34 g, 7.65 mL, 0.1 mol), acetic acid (99.9%, 9.01 g, 8.59 mL, 0.15 mol), glyoxal (40%, 14.51 g, 11.15 mL, 0.1 mol). Isolated yield 44.292 g, 85% (≈0.5 eq of residual acetic acid). Orange to beige solid. Melting point: 31 °C.  Decomposition temperature: 227 °C. ¹H NMR (400 MHz, CDCl₃, Me₄Si, δ/ppm): 0.88 (6 H, t, J 6.81), 1.18 - 1.39 (40 H, m), 1.87 (4 H, p, J 7.59, 7.57), 4.34 (4 H, t, J 7.40), 7.10 (2 H, d, J 1.30), 2.02 (3 H, s), 11.78 (1 H, s). ¹³C NMR (100 MHz, CDCl₃, Me₄Si, δ/ppm): 176.7, 139.6, 121.0, 50.0, 31.9, 30.2, 29.6, 29.5, 29.4, 29.3, 29.0, 26.3, 23.4, 22.7, 14.1. IR (Diamond-ATR, neat, cm⁻¹): 3159, 3106, 2952, 2914, 2870, 2849, 1708, 1572, 1560, 1470, 1459, 1449, 1374, 1313, 1301, 1291, 1230, 1171, 1128, 1113, 1038, 1007, 942, 839, 762, 741, 730, 718, 661, 632, 607, 505, 438, 429, 416, 410. 
[bookmark: _Toc22490688]1,3-Di(dodecyl)imidazolium chloride ([C₁₂C₁₂IM][Cl])
The synthesis was carried out following the general procedure (ESI. Synthetical procedure 4) with 1,3-di(dodecyl)imidazolium acetate (0.8015 g, 1.0 mL, 1.73 mmol). Isolated yield 0.7194 g, 95%. Dark red solid. Melting point: 42 °C. Decomposition temperature: 265 °C. ¹H NMR (400 MHz, CDCl₃, Me₄Si, δ/ppm): 0.88 (6 H, t, J 6.78), 1.20 - 1.37 (36 H, m), 1.91 (4 H, q, J 7.39, 7.37), 4.36 (4 H, t, J 7.46), 7.17 (2 H, d, J 1.46), 11.18 (1 H, d, J 1.98). ¹³C NMR (100 MHz, CDCl₃, Me₄Si, δ/ppm): 137.4, 122.3, 50.0, 31.9, 30.4, 29.6, 29.5, 29.4, 29.3, 29.1, 26.3, 22.7, 14.1. IR (Diamond-ATR, neat, cm⁻¹): 3390, 3132, 3062, 2953, 2918, 2850, 1643, 1562, 1464, 1404, 1376, 1364, 1305, 1287, 1272, 1246, 1164, 1126, 1108, 1087, 960, 854, 807, 778, 748, 721, 661, 638, 602, 415. 
1,3-Di(dodecyl)imidazolium nitrate ([C₁₂C₁₂IM][NO₃])
The synthesis was carried out following the general procedure (ESI. Synthetical procedure 5) with 1,3-di(dodecyl)imidazolium acetate (0.8018 g, 1.0 mL, 1.73 mmol). Isolated yield 0.7819 g, 97%. Dark red solid. Melting point: 98 °C.  Decomposition temperature: 288 °C. ¹H NMR (400 MHz, CDCl₃, Me₄Si, δ/ppm): 7.24 (2 H, d, J 1.60), 0.88 (7 H, t, J 6.80), 1.18 - 1.36 (46 H, m), 1.89 (4 H, p, J 8.09, 7.85), 4.25 (4 H, t, J 7.41), 10.15 (1 H, d, J 1.71). ¹³C NMR (100 MHz, CDCl₃, Me₄Si, δ/ppm): 138.4, 121.5, 50.3, 31.9, 30.2, 29.6, 29.5, 29.4, 29.3, 29.0, 26.3, 22.7, 14.1. IR (Diamond-ATR, neat, cm⁻¹): 3419, 3136, 3094, 2954, 2918, 2850, 2019, 2009, 1967, 1949, 1634, 1563, 1466, 1340, 1221, 1159, 1125, 1087, 1040, 993, 947, 856, 828, 775, 720, 658, 603, 571, 518, 491, 485, 477, 469, 455, 446, 430, 426, 419, 411, 404. 
1,3-Di(dodecyl)imidazolium hydroxalate ([C₁₂C₁₂IM][Ox])
The synthesis was carried out following the general procedure (ESI. Synthetical procedure 6) with 1,3-di(dodecyl)imidazolium acetate (0.8008 g, 1.0 mL, 1.73 mmol). Isolated yield 0.3752 g, 44%. Pale yellow solid. Melting point: 125 °C. Decomposition temperature: 229 °C. ¹H NMR (400 MHz, CDCl₃, Me₄Si, δ/ppm): 0.88 (6 H, t, J 6.81), 1.28 (39 H, d, J 25.55), 1.86 (4 H, p, J 7.64, 7.21), 4.30 (4 H, t, J 7.35), 7.16 (2 H, d, J 1.12), 10.66 (1 H, s). ¹³C NMR (100 MHz, CDCl₃, Me₄Si, δ/ppm): 163.4, 138.7, 121.5, 50.1, 31.9, 30.3, 29.6, 29.5, 29.4, 29.3, 29.0, 26.2, 22.7, 14.1. IR (Diamond-ATR, neat, cm⁻¹): 3139, 3100, 3083, 2954, 2917, 2871, 2850, 1594, 1563, 1462, 1405, 1370, 1328, 1286, 1256, 1218, 1159, 1086, 963, 925, 841, 813, 789, 711, 656, 637, 601, 543, 458. 
[bookmark: _Toc22490689]1,3-Di(tetradecyl)imidazolium acetate ([C₁₄C₁₄IM][Ac])
The synthesis was carried out following the general procedure (ESI. Synthetical procedure 2) with 1-tetradecylamine (98.5%, 4.2688 g, 4.775 mL, 0.02 mol), formaldehyde (36.5-38%, 0.834 g, 0.765 mL, 0.01 mol), acetic acid (99.9%, 0.901 g, 0.859 mL, 0.015 mol), glyoxal (40%, 1.451 g, 1.115 mL, 0.01 mol). Isolated yield 4.451 g, 87% (≈0.5 eq of residual acetic acid). Yellow solid. Melting point: 43 °C. Decomposition temperature: 229 °C. ¹H NMR (400 MHz, CDCl₃, Me₄Si, δ/ppm): 0.88 (6 H, t, J 6.74), 0.97 - 1.70 (48 H, m), 1.87 (4 H, p, J 7.50, 7.42), 2.01 (3 H, s), 4.33 (4 H, t, J 7.39), 7.11 (2 H, d, J 1.44), 11.35 - 11.58 (1 H, m). ¹³C NMR (100 MHz, CDCl₃, Me₄Si, δ/ppm): 176.2, 139.1, 121.1, 50.0, 31.9, 30.2, 29.7, 29.7, 29.6, 29.5, 29.4, 29.4, 29.0, 26.2, 22.8, 22.7, 14.1. IR (Diamond-ATR, neat, cm⁻¹): 3160, 3105, 2952, 2913, 2870, 2849, 1708, 1573, 1562, 1470, 1453, 1376, 1312, 1300, 1170, 1128, 1114, 1050, 1007, 943, 874, 771, 762, 742, 718, 660, 632, 607, 515, 505, 471, 459, 440, 417, 412, 403. 
[bookmark: _Toc22490690][bookmark: _Toc22490691]1,3-Di(tetradecyl)imidazolium nitrate ([C₁₄C₁₄IM][NO₃])
The synthesis was carried out following the general procedure (ESI. Synthetical procedure 5) with 1,3-di(tetradecyl)imidazolium acetate (0.3979 g, 1.0 mL, 0.77 mmol). Isolated yield 0.3938 g, 98%. Yellow solid. Melting point: 111 °C. Decomposition temperature: 285 °C. ¹H NMR (400 MHz, CDCl₃, Me₄Si, δ/ppm): 0.88 (6 H, t, J 6.77), 0.96 - 1.53 (48 H, m), 1.88 (4 H, q, J 7.13, 6.90), 4.25 (4 H, t, J 7.39), 7.33 (2 H, d, J 1.57), 10.11 (1 H, d, J 1.71). ¹³C NMR (100 MHz, CDCl₃, Me₄Si, δ/ppm): 138.1, 121.8, 50.2, 31.9, 30.3, 29.7, 29.7, 29.6, 29.5, 29.4, 29.4, 29.0, 26.3, 22.7, 14.1. IR (Diamond-ATR, neat, cm⁻¹): 3461, 3135, 3092, 3038, 2953, 2916, 2849, 1745, 1651, 1563, 1466, 1339, 1214, 1162, 1128, 1094, 1059, 1041, 1019, 972, 941, 889, 848, 828, 806, 777, 753, 720, 693, 686, 678, 659, 621, 605, 586, 579, 572, 564, 556, 549, 541, 530, 522, 515, 507, 500, 492, 484, 478, 470, 456, 444, 439, 428, 422, 416, 411, 404. 
1,3-Di(tetradecyl)imidazolium chloride ([C₁₄C₁₄IM][Cl])
The synthesis was carried out following the general procedure (ESI. Synthetical procedure 4) with 1,3-di(tetradecyl)imidazolium acetate (0.4012 g, 1.0 mL, 0.77 mmol). Isolated yield 0.564 g, 91%. Yellow to orange solid. Melting point: 43 °C.  Decomposition temperature: 260 °C. ¹H NMR (400 MHz, CDCl₃, Me₄Si, δ/ppm): 7.26 (2 H, d, J 1.46), 0.88 (6 H, t, J 6.74), 1.29 (48 H, dd, J 31.53, 4.41), 1.92 (4 H, t, J 7.39), 4.36 (4 H, t, J 7.43), 11.06 (1 H, s). ¹³C NMR (100 MHz, CDCl₃, Me₄Si, δ/ppm): 138.0, 121.8, 50.1, 31.9, 30.4, 29.7, 29.7, 29.6, 29.5, 29.4, 29.4, 29.0, 26.3, 22.7, 14.1. IR (Diamond-ATR, neat, cm⁻¹): 3447, 3371, 3256, 3133, 3038, 2954, 2918, 2871, 2850, 1643, 1564, 1464, 1403, 1376, 1365, 1338, 1307, 1258, 1235, 1213, 1191, 1137, 1109, 1094, 1063, 1034, 869, 849, 813, 775, 750, 721, 662, 637, 495, 446, 440, 428, 414. 
1,3-Di(tetradecyl)imidazolium hydroxalate ([C₁₄C₁₄IM][Ox])
The synthesis was carried out following the general procedure (ESI. Synthetical procedure 6) with 1,3-di(tetradecyl)imidazolium acetate (0.6894 g, 1.69 mmol). Isolated yield 0.6537 g, 88%. Yellow solid. Melting point: 130 °C. Decomposition temperature: 229 °C. ¹H NMR (400 MHz, CDCl₃, Me₄Si, δ/ppm): 0.88 (6 H, t, J 6.75), 1.27 (48 H, dd, J 20.76, 4.48), 1.86 (4 H, t, J 6.98), 4.29 (4 H, t, J 7.28), 7.18 (2 H, s), 10.53 (1 H, s). ¹³C NMR (100 MHz, CDCl₃, Me₄Si, δ/ppm): 163.6, 138.5, 121.7, 50.0, 31.9, 30.3, 29.7, 29.7, 29.6, 29.5, 29.4, 29.4, 29.0, 26.2, 22.7, 14.1. IR (Diamond-ATR, neat, cm⁻¹): 3139, 3103, 3082, 2954, 2917, 2872, 2849, 1679, 1595, 1563, 1464, 1375, 1328, 1256, 1160, 1094, 1003, 970, 890, 838, 811, 711, 656, 637, 601, 459. 
1,3-Di(hexadecyl)imidazolium acetate ([C₁₆C₁₆IM][Ac])
The synthesis was carried out following the general procedure (ESI. Synthetical procedure 3) with 1-hexadecylamine (94.0%, 28.67 g, 0.012 mol), formaldehyde (36.5-38%, 4.92 g, 4.43 mL, 0.059 mol), acetic acid (99.9%, 5.32 g, 5.07 mL, 0.0885 mol), glyoxal (40 wt% in water, 8.56 g, 6.58 mL, 0.059 mol). Isolated yield 25.29 g, 67% (≈0.5 eq of residual acetic acid). Amber to dark brown solid. Melting point: 50 °C.  Decomposition temperature: 228 °C. ¹H NMR (400 MHz, CDCl₃, Me₄Si, δ/ppm): 0.88 (6 H, t, J 6.64), 1.17 - 1.37 (56 H, m), 1.87 (4 H, t, J 7.36), 2.02 (5 H, s), 4.32 (4 H, t, J 7.41), 7.09 (2 H, s), 11.02 (1 H, s). ¹³C NMR (100 MHz, CDCl₃, Me₄Si, δ/ppm): 176.7, 139.8, 121.0, 49.9, 31.9, 30.3, 29.7, 29.7, 29.6, 29.5, 29.4, 29.4, 29.0, 26.3, 23.5, 22.7, 14.1. IR (Diamond-ATR, neat, cm⁻¹): 3157, 3103, 2953, 2913, 2870, 2849, 1705, 1561, 1470, 1456, 1376, 1294, 1172, 1099, 1043, 1007, 962, 878, 767, 739, 717, 672, 661, 633, 607, 507, 484, 468, 442, 414, 403.
[bookmark: _Toc22490692]1,3-Di(hexadecyl)imidazolium nitrate ([C₁₆C₁₆IM][NO₃])
The synthesis was carried out following the general procedure (ESI. Synthetical procedure 5) with 1,3-di(hexadecyl)imidazolium acetate (0.7951 g, 1.0 mL, 1.38 mmol). Isolated yield 0.7915 g, 99%. Amber to dark brown solid. Melting point: 127 °C. Decomposition temperature: 290 °C. ¹H NMR (400 MHz, CDCl₃, Me₄Si, δ/ppm): 7.25 (2 H, d, J 1.58), 4.25 (4 H, t, J 7.40), 0.88 (6 H, t, J 6.77), 1.19 - 1.35 (56 H, m), 1.89 (4 H, p, J 7.75, 7.74), 10.21 (1 H, s). ¹³C NMR (100 MHz, CDCl₃, Me₄Si, δ/ppm): 137.6, 122.1, 50.1, 31.9, 30.3, 29.7, 29.7, 29.6, 29.6, 29.4, 29.4, 29.0, 26.3, 22.7, 14.1. IR (Diamond-ATR, neat, cm⁻¹): 3460, 3135, 3091, 3044, 2953, 2916, 2849, 1745, 1656, 1563, 1466, 1338, 1214, 1162, 1100, 1067, 1040, 889, 829, 779, 740, 720, 659, 610, 573, 548, 533, 520, 515, 509, 500, 492, 486, 481, 476, 469, 464, 459, 453, 443, 439, 428, 413, 408. 
1,3-Di(hexadecyl)imidazolium chloride ([C₁₆C₁₆IM][Cl])
[bookmark: _GoBack]The synthesis was carried out following the general procedure (ESI. Synthetical procedure 4) with 1,3-di(hexadecyl)imidazolium acetate (0.7951 g, 1.0 mL, 1.38 mmol). Isolated yield 0.6950 g, 91%. Amber to dark brown solid. Melting point: 128 °C. Melting temperature: 38 °C. Decomposition temperature: 260 °C. ¹H NMR (400 MHz, CDCl₃, Me₄Si, δ/ppm): 1.91 (4 H, p, J 7.16, 7.01), 0.87 (6 H, d, J 7.07), 1.23 - 1.33 (56 H, m), 4.36 (4 H, t, J 7.41), 7.37 (2 H, s), 10.72 (1 H, s). ¹³C NMR (100 MHz, CDCl₃, Me₄Si, δ/ppm): 138.0, 121.7, 50.2, 31.9, 30.3, 29.7, 29.7, 29.6, 29.5, 29.4, 29.4, 29.1, 26.3, 22.7, 14.1. IR (Diamond-ATR, neat, cm⁻¹): 3394, 2954, 2917, 2849, 1671, 1562, 1466, 1407, 1375, 1331, 1248, 1163, 1128, 1100, 887, 862, 842, 779, 739, 721, 658, 575, 523, 500, 493, 484, 461, 453, 445, 430, 418. 
1,3-Di(hexadecyl)imidazolium hydroxalate ([C₁₆C₁₆IM][Ox])
The synthesis was carried out following the general procedure (ESI. Synthetical procedure 6) with 1,3-di(hexadecyl)imidazolium acetate (0.7943 g, 1.0 mL, 1.38 mmol). Isolated yield 0.4425 g, 53%. Amber to dark brown solid. Melting point: 109 °C. Decomposition temperature: 229 °C. ¹H NMR (400 MHz, CDCl₃, Me₄Si, δ/ppm): 0.88 (6 H, t, J 6.77), 1.23 - 1.34 (56 H, m), 1.84 (4 H, q, J 7.10, 7.00), 4.37 (4 H, t, J 7.39), 7.11 (2 H, s), 11.29 (1 H, s). ¹³C NMR (100 MHz, CDCl₃, Me₄Si, δ/ppm): 168.0, 140.8, 120.9, 49.8, 31.9, 30.4, 29.7, 29.7, 29.6, 29.4, 29.4, 29.1, 29.7, 26.3, 22.7, 14.1. IR (Diamond-ATR, neat, cm⁻¹): 2955, 2917, 2872, 2849, 1554, 1466, 1375, 1334, 1295, 1162, 1128, 1064, 1020, 888, 839, 780, 742, 720, 661, 604, 455, 446, 429, 416. 
Results and discussion
Procedure optimization
The reaction procedure was optimized for the synthesis of 1,3-di(decyl)imidazolium acetate. Formerly, this derivative was synthesised with only a moderate isolated yield (53%).17 Thus, this was an ideal starting point for the assessment of reaction optimization.17 Depuydt et al. reported losses in the purification procedure of the heaviest compounds synthesised. When the purification of the imidazolium salt was done via several diethyl ether washes, it resulted in significant product losses to the organic layer for the most lipophilic imidazolium salts (determined via ¹H NMR analysis). A solvent system capable to isolate these less polar derivatives was therefore investigated. In order to increase the selectivity towards the impurities, diethylether was substituted with petroleum ether (b.p. 40-65 °C), which has a lower polarity and a lower miscibility with other organic solvents. 35 The crude reaction mixture was fully soluble in petrolum ether; therefore, a second solvent was required to selectively partition the product. Unfortunately, there are only a few organic-organic immiscible solvent mixtures.36 Methanol does form a biphasic system with alkanes and it is a fairly green solvent; hence, it was firstly tested to attempt this separation. After a few washing steps, the methanol layer held the product in a relatively higher purity. However, in order to observe a phase separation, methanol had to be used in large excess with respect to petroleum ether and significant product losses were observed to the petroleum ether layer. Using higher alkanes, the product losses to the alkane layer were limited but traces of high weight alkanes impeded the product isolation. To counteract this issue, another purification procedure was tested. Acetonitrile used in combination with petroleum ether allowed for the compound isolation. This procedure was rather effective but traces of acetonitrile and acetic acid were trapped in the isolated product (the impurities were detected via the ¹H NMR spectra and collapsed into one signal in the proton spectra at 2.1 ppm in deuterochloroform). Even after a thorough sample drying, impurities were still present. To force acetoniytrile removal, methanol was used to form an azeotrope. Methanol was added and removed via a rotatory evaporator for three times in order to force the acetonitrile entrainal. This procedure was effective for acetonitrile but did not remove the excess of acetic acid.
The excess of acetic acid persisted even after drying at high vacuum above the compound melting temperature (1 week, <0.09 mbar). When dried at the Schlenk line, the acetic acid got reduced to about 0.51 eq. At this stage the release of acetic acid slowed down to such an extent that further high vacuum drying could not be performed in a reasonable amount of time. During the drying process 1,3-di(decyl)imidazolium acetate solidified and only after heating the mixture it reverted back to a liquid state. This was indicative of the stabilization by the intercalation of the acetic acid in the ionic liquid structure. This hypothesis was compatible with the literature data available on long side-chain imidazolium salts, which reported the formation of an ionic liquid metastable phase, and with the results of Gurau et al., which experienced a strong persistency of acetic acid traces in ionic liquids.37,38
	[image: IMG20191205210259][image: IMG20191205210414]

	[bookmark: _Ref26431213]Figure 1. Comparative picture of the samples prior (above) and after (below) the drying of the sample. From left to right: 1,3-di(octyl)imidazolium acetate, 1,3-di(decyl)imidazolium acetate, 1,3-di(dodecyl)imidazolium acetate, 1,3-di(tetradecyl)imidazolium acetate, and 1,3-di(hexadecyl)imidazolium acetate


	[bookmark: _Ref22138824]Table 1. Optimization tests for the synthesis of 1,3-di(dodecyl)imidazolium acetate.

		Solvent
	Volume (mL)
	Temperature (°C)
	Isolated Yield (%)

	Methanol
	3
	22
	71

	Methanol
	4
	22
	71

	Methanol
	5
	22
	69

	Ethanol
	3
	22
	70

	Isopropanol
	3
	22
	72

	Acetonitrile
	3
	22
	75

	Neat
	-
	22
	80

	Neat
	-
	50
	76


The reaction was carried out on a 1 mmol scale. The synthetic procedure can be found within the ESI.


Full removal of the acetic acid excess could only be attained via drying the molten sample under a vigorous flow of air at elevated temperatures (95 °C). The drying of the sample had also an unexpected result, a striking change in the color and increased transparency of the sample (Figure 1, e.g. 1,3-di(decyl)imidazolium acetate turned to a clear light orange after drying from a dark brown opaque color).
In an attempt to verify if the excess of acetic acid was actually needed, the reaction was repeated with only a slight excess of acetic acid (1.05 eq). As it was previously observed with shorter chains, this modification did not reduce the acid excess but the overall yield.17 This showed that the acetic acid excess itself favours the reaction completion.
Opposite to what has been previously reported, the solventless synthetic procedure worked with amines up to 1-dodecylamine. 1-Tetradecylamine and the higher homologues were not fluid enough to be used without the addition of a solvent able to improve the mixing at room temperature (Table 2). To check how the solvent would affect the system, the reaction was repeated with 1-dodecylamine in a series of solvents (Table 1). The solventless reaction demonstrated to be the one leading to the best yields. 
With amines of at least 14 carbon atoms the reaction had to be modified in order to yield the desired product in satisfactory amounts. Methanol was effective in facilitating the reactivity of 1-tetradecylamine reactivity but not of the 1-hexadecylamine one. Toluene has been reported by Arduengo et al. as a convenient medium for this type of reactions, as it is miscible with both polar and apolar materials.16 Although toluene allowed for the synthesis of the 1,3-di(hexadecyl)imidazolium acetate derivative, it was only marginally effective for 1-octadecylamine and the isolation of the final product was not possible for 1,3-di(octadecyl)imidazolium acetate. This result was ascribed to the reduced solubility of the 1-octadecylamine in toluene, which may have impeded the reaction progression.
Differently from the results of Depuydt et al., there was not a steady reduction in the isolated yield throught the series of the amines but a marked reduction between 1-decylamine and 1-dodecylamine (Table 2). This seems to be a result of a poorer mixing, caused by the fact that 1-dodecylamine is a solid (m.p. 27-29 °C), rather than to a limited applicability of the isolation methodology.17
However, it we found quite surprising that even for clearly heterogeneous systems the reaction performed so well (i.e. 1-dodecylamine and 1-tetradecylamine). To understand why the solventless procedure was favoured with respect to any of the other tested, we investigated the reaction in detail, step by step. It may be pointed out that actually the ‘neat’ reaction conditions are not striclty solventless. Formaldehyde and glyoxal were used as aqueous solutions (36 and 40% w/w, respectively); therefore, the solventless system was a concentrated aqueous system with minor traces of methanol, which was present as formaldehyde stabilizer.
Visual observation of the reaction mixture allowed us to notice a detail which in previous studies got overlooked. The addition of the formaldehyde and acetic acid mixture to the cold amine caused the formation of a biphasic system (Figure 2). To understand what phased out, the top layer was sampled and analysed via ¹H NMR. The analysis showed the top layer to be consisting of the virtually pure 1,3,5-trialkylhexahydro-1,3,5-triazine, formed in-situ from the reaction of formaldehyde with the amine. This may explain the reaction effectiveness under neat conditions and give further insights on the mechanism of the reaction (Scheme 4). The segregation of the reagents in two distinct layers impedes potential side reactions, contributing to the reaction selectivity and high yield.
	[image: IMG20191015181200]

	[bookmark: _Ref27419865]Figure 2. Biphasic system formed after the addition of acetic acid and formaldehyde during the synthesis of 1,3-di(octyl)imidazolium acetate. The same behavior was observed during the synthesis of 1,3-di(butyl)imidazolium acetate and therefore is expected to happen to all the chains above four carbon atoms if not even to all the linear alkyl amines. The biphasic system remains also after the addition of glyoxal.


	[bookmark: _Ref22482387]Table 2. Comparative table on the yield achieved with the different chain length.

		Amine
	Solvent
	Purification
	Isolated Yield (%)

	1-octylamine
	Neat¹
	Extraction⁴
	92

	1-decylamine
	Neat¹
	Extraction⁴
	94

	1-dodecylamine
	Neat¹
	Extraction⁴
	85

	1-tetradecylamine
	Neat¹, Methanol²
	Extraction⁴
	87

	1-hexadecylamine
	Toluene³
	Precipitation⁵
	67

	1-octadecylamine
	Toluene
	-
	-


¹ Actually water is the solvent as present in the reagent but there is no additional solvent used and the water volume is minor with respect to the one of the reagents.
² Methanol was added after 8 h to ease the runny solid and allow for the reaction to continue.	
³ Amine concentration in toluene is 0.2 M.	 
⁴ Batch extraction with acetonitrile and petroleum ether.	 
⁵ Impurities precipitation via the use of methanol as anti-solvent.


What can be also considered is that the imine self-segregation as a triazine is beneficial to the reaction outcomes only when non-enolisable imines are used, such as formaldehyde.17 If an enolisable imine would be used, it would likely result in self-condensating to a less sterically encoumbered derivative prior to the glyoxal addition (e.g. Mannich condensation to a polyimine). Also, under the current condition, the triazine formation might be a formaldehyde-specific behaviour, explaining why none of the non-enolisable aldehydes tested by Depuydt et al. performed as formaldehyde.17 This gives a further insights in the reaction underlying this modification of the DebusRadizewski reaction, which appears to have an analogous reactivity to what has been previously reported for the synthesis of imidazoles from the reaction between an α-hydroximinoketone and 1,3,5-trimethylhexahydro-1,3,5-triazine.39,40
Acid metathesis
	[image: Handerson-Hesselback_AcOH_protonated fraction]

	[bookmark: _Ref22454136][bookmark: _Toc21555320]Figure 3. Graphical representation of the molar fraction of protonated acetic acid within an aqueous solution. This can be used to predict the capacity of an acid to displace the acetate anion in the ion-pair couple in an aqueous system.


Acid metathesis is an effective way to derivatise the imidazolium acetate ionic liquids due to the moderate basicity of the acetate anion. To attain a complete metathesis, the acetate anion has to be fully protonated and the final product has to be successfully partitioned from the acetic acid residue (e.g. solvent extraction, evaporation). To deterimine a viable acid for the acidic metathesis we applied the Henderson-Hasselbach equation (Equation 1). 
	
	[1]


The equation above resolved for the pKa of acetic acid (4.76) allowed us to determine the minimum pH at which the acetic acid is fully protonated,  in this case assuming 99.9% (Figure 3). Resolving the equation with a protonated molar fraction corresponding to 99.9% and the pKa of acetic acid (4.76) it resulted that the acetic acid is fully protonated for solutions with a pH below 1.76. Therefore, any acid with a pKa below 1.76 satisfies the first requirement for achieving complete metathesis.
All acetate salts in this study were soluble in water. In some metathesis, acetic acid removal was problematic, but the hydrophobicity of our class of materials facilitated the isolation of the products. 
Imidazolium nitrate salts were partitioned out of the aqueous layer, forming a floating immiscible product (ESI Synthetical procedure 5). Instead, for the chloride salts partitioning was enforced via the use of concentrated hydrochloric acid, which salted out of the ionic liquid due to the ionic nature of the aqueous layer, caused by the acid self-ionization. The hydrochloric acid excess could be removed either via evaporation under a flow or air or after washing the ionic liquid dissolved in a small amount of an apolar organic solvent with water (ESI Synthetical procedure 4).
Hydrogen oxalate salts could be isolated in high purity due to the oxalic acid strong acidity (pKa: 1.25, 4.14) via evaporation above the salt melting point under a flow of air.41
Phase characterization and phase interaction 
The ILs were studied for their thermal stability and calorimetric phase transition behaviour (Figure 4, ESI. Table S1). The stability of the ionic liquids appears to be directly correlated to the anion basicity ([NO₃]¯ > [Cl]¯ > [Ox]¯ > [Ac]¯). This could be correlated to the ability of the anion to extract the front proton from the imidazolium ring, which would imply a decomposition path encompassing a carbene intermediate. However, it is believed that the decomposition pathway goes generally via a reverse Menshutkin reaction.41 Differential scan calorimetry was carried out for each of the salts (ESI. Table S1). Amongst the many ionic liquids tested, 1,3-di(dodecyl)imidazolium nitrate, 1,3-di(tetradecyl)imidazolium nitrate, and 1,3-di(tetradecyl)imidazolium chloride displayed a rather complex transition pattern, with multiple transitions in the range between 20 and 70 °C.42
	

	Scheme 4. General stepwise reaction scheme of the modified DebusRadziszewski imidazolium synthesis. 


	

	[bookmark: _Ref26956294]Figure 4. Graphical representation of the one percent decomposition onset point determined via a ramped thermo-gravimetric analysis with a step of 10 degrees per minute scan between 25 and 500 degrees Celsius in an aluminum pan. Decomposition temperatures appears to be chiefly correlated to the anion class and basicity. Ionic liquids stability follows the following order: [NO₃]¯ > [Cl]¯ > [Ox]¯ > [Ac]¯, which is from the least basic to the most basic anion. The thermo-gravimetric graph of each ionic liquid is available within the electronic supporting information.


The water-soluble imidazolium salts showed a surfactant behaviour during dissolution in water, which was further investigated.43,44 The compunds from 1,3-di(octyl)imidazolium acetate to 1,3-di(tetradecyl)imidazolium acetate developed a marked foam in aqueous solutions. This behaviour was characterised via the use of a capped measuring cylinder (Table 3, ESI Analytical procedure 3). The analysis showed the 1,3-di(decyl)imidazolium acetate to hold an extremely remarkable foaming behaviour, with a foam height about 3 to 4 times higher than the one obtained with the reference compound (i.e. sodium dodecyl sulfate).
The foaming ability was especially marked at low pH. The increased foaming capability at low pH could be indicative of a higher foaming strength of the 1,3-di(decyl)imidazolium chloride, which is the main salt present at low pH due to the acidification with hydrochloric acid. Also 1,3-di(dodecyl)imidazolium acetate had a marked foaming ability but, differently from 1,3-di(decyl)imidazolium acetate, it was not influenced by acidification of the solution with hydrochloric acid. This acidification effect was observed up to 1,3-di(decyl)imidazolium acetate, whereas from 1,3-di(dodecyl)imidazolium acetate and above there was no difference with respect to the pH of the environment.
	[bookmark: _Ref26912804]Table 3. Foaming properties of the synthesised imidazolium acetate salts carried out via a Bartsch foaming test
	
	Foam height / [cm (pH)]
	
	
	

	Compound
	Acidic range
	Basic range
	Notes
	Bubble size
	

	SDS
	26-22 (2-3), 36-33 (5)
	14-10 (12)
	Readily dissolved,
Very stable dense foam.
	S, M
	

	[C₈C₈IM][Ac]
	15-6 (2)
	7-2 (8-9),
9-2 (12-13)
	Readily dissolved,
Pale yellow solution,
Weak sparse foam.
	S
	

	[C₁₀C₁₀IM][Ac]
	60-56 (1-2)
	47-45 (9),
40-30 (13)
	Readily dissolved,
Pale yellow solution,
Stable dense foam.
	S, M, L
	

	[C₁₂C₁₂IM][Ac]
	27-24 (1-2)
	27-25 (8),
27-24 (13)
	Slowly dissolved,
Yellow solution,
Highly stable dense foam
	S
	

	[C₁₄C₁₄IM][Ac]
	4-4 (1)
	4-4 (8)
4-4 (13)
	Partially dissolved,
Sparse foam with particulate
	S
	




	Foamability and foam stability were determined via the use of a 100 mL measuring cylinder (vide ESI Analytical procedure 3). The foam height immediately after shaking and after a minute are herein reported side by side. pH adjustment was done via addition of 5 to 10 drops of either NaOH (1 M) or HCl (1 M). Sodium dodecyl sulfate (SDS) was used as reference compound. Bubble size is registered as small (S), medium (M), and large (L). The test was carried out on 40 mL aqueous solutions with 0.1% w/w of the tested surfactant dissolved within it.


1,3-Di(hexadecyl)imidazolium acetate did not foam in water but under vigorous mixing formed a gel phase. Various concentrations were tested to determine the minimal amount of imidazolium salt needed to have the formation of a gel phase (i.e. 5, 10, 20, 40, 60, 80, and 100 mg mL¯¹). The samples were homogenised via shaking at 2000 rpm for 2 h at a temperature of 75 °C, then they were allowed to gently cool to room temperature (22 °C). Gelation was tested by turning the sample upside down, in order to observe which was the minimal concentration needed to obtain a firm gel phase. The minimal concentration needed to avoid the collapse of the colloidal phase by turning the vial upside-down was assessed at 100 mg mL¯¹.
Oxalate precipitation metathesis
Oxalate salts are an extremely expedient category of salts because of the very low solubility of calcium oxalate in aqueous solutions (0.061 g L¯¹).45 This makes imidazolium hydroxalate salts expedient tools for imidazolium salt metathesis. The salt precipitation metathesis was carried out via the use of a metal salt, embedding the desired anion and a metal cation, which is highly insoluble as its metal oxalate salt (Scheme 5). Calcium salts are optimal because of the low costs and the low aqueous solubility of calcium oxalate. This would allow for the production of imidazolium salts otherwise difficult to synthesise, or use other costly metathesis procedures (e.g. silver halide metathesis). Moreover, the precipitated calcium oxalate can be easily recycled via calcination. Then, the formed calcium oxide can be used to newly form a metal salt via neutralization with the desired acid.
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	[bookmark: _Ref26441218]Scheme 5. General reaction scheme of the oxalate precipitation metathesis (1,3-di(decyl)imidazolium cation is used here as general example).


A small number of calcium salts were tested with 1,3-di(decyl)imidazolium hydroxalate in order to test the viability of the metathesis procedure. Calcium hydroxide and calcium carbonate were used in the attempt to produce imidazolium hydroxide and imidazolium carbonate, which would be optimal precursors to any imidazolium ionic liquid. None of these salts was isolated, instead complexes of calcium imidazolylidene were obtained with trace signals of the free carbene.46 However, these results demonstrated the procedure to be effective for the production of metal coordinated N-heterocyclic carbene catalysts because being devoid of any halide in the production process, which is a common inhibitor of many metal catalysts.47
Calcium fluoride was also used to attempt the synthesis of imidazolium fluoride salts. Introducing the fluoride anion as counter-ion via reported procedures is particularly cumbersome because of both the extremely reduced acidity of hydrofluoric acid and the high hazard posed by the handling of hydrofluoric acid. The fluoride anion was only partially introduced via the oxalate precipitation metathesis. Calcium fluoride (i.e. 0.016 g L¯¹) has a lower solubility than calcium oxalate, which partly explains the metathesis outcome.45 The reaction was repeated allowing the reagents to react for a longer time and with an excess of calcium fluoride, resulting only in a partial conversion.
Conclusions
Long-chain imidazolium ionic liquids were synthesised in high yield from readily available chemicals (i.e. formaldehyde, acetic acid, and glyoxal). We optimised the one-pot halide-less synthesis to attain a series of ionic liquids with longer linear alkyl chains with respect to the currently viable ones via the reported procedure. The investigations on the reaction procedure allowed us to identify the 1,3,5-trialkylhexahydro-1,3,5-triazine self-segregation as a key reaction feature, suggestive of an on-water catalytic effect. The formation of a biphasic system explained the high yields achieved by the reaction modification.
The stability of the products was found to be chiefly dependent on the anion. Moreover, the longer side-chains induced in the imidazolium salts a complex phase behaviour, which was particularly apparent via the calorimetric analysis.
These ionic liquids showed a surfactant behaviour in aqueous solutions, acting either as a tensioactive or as gelator. With alkyl chains from octyl to tetradecyl, the acetate and chloride imidazolium salts acted as foaming agents, whereas 1,3-di(hexadecyl)imidazolium acetate formed a gel. 
Imidazolium hydrogen oxalate salts were studied as precursors for salt precipitation metathesis due to the extreme oxalate salt insolubility in water. In presence of strongly basic counterions (e.g. calcium carbonate, calcium hydroxide) the reaction proceeded to full conversion, but otherwise (e.g. calcium fluoride) the mixture did not reach full conversion, not allowing for a complete metathesis. Although this setback, oxalate precipitation seems a promising methodology for the production of imidazolyldene metal salts via an halide-less procedure, which is of interest for the production of metal catalysts.
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