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Abstract: lonic liquid crystals combine the unique solvent properties of ionic liquids with self-organization
found for liquid crystals. We report a detailed analysis of the structure—property relationship of a series of
new imidazolium-based liquid crystals with an extended aromatic core. Investigated parameters include
length and nature of the tails, the length of the rigid core, the lateral substitution pattern, and the nature of
the counterion. Depending on the molecular structure, two mesophases were observed: a bilayered SmA;
phase and the more common monolayered SmA phase, both strongly interdigitated. Most materials show
mesophases stable to high temperatures. For some cases, crystallization could be suppressed, and room-
temperature liquid crystalline phases were obtained. The mesomorphic properties of several mixtures of
ionic liquid crystals were investigated. Many mixtures showed full miscibility and ideal mixing behavior;
however, in some instances we observed, surprisingly, complete demixing of the component SmA phases.
The ionic liquid crystals and mixtures presented have potential applications, due to their low melting

temperatures, wide temperature ranges, and stability with extra ion-doping.

Introduction

materials, and as electrochemical components in various devices,
such as lithium ion batteries, fuel cells, solar cells, and

Over the past decade ionic liquids (ILs) have become a maturecapacitors.

class of materials with applications as reaction media for organic

synthesis. Initial interest developed from the fact that ILs
eliminate the hazards associated with harmful and volatile

Liquid crystals (LCs) offer the combination of order and
mobility in one material. When LC molecules only possess
orientational order, a nematic phase is observed. In a smectic

conventional solvents. Currently, many ILs can be categorized LC phase, the molecules show one-dimensional positional order,

s “task-specific” ionic liquids (TSIL), in which one or more
functionalities have been added to their primary role as solvent.
For example, TSILs may show catalytic activitfunction as a
ligand?or as a solvent in chemical synthe$i®ther important
emerging fields of application are in separation and extraction
processe$jn the synthesfsand functionalizatiohof nanosized

* Current address: Radboud University, Institute for Molecules and
Materials, Toernooiveld 1, 6525 ED Nijmegen, The Netherlands. E-mail:
kouwer@science.ru.nl.

(1) For recent reviews on task-specific ionic liquids: (a) Lee,Chem.
Commun2006 1049-1063. (b) Davis, J. D, Jr. Synthesis of task-specific
ionic liquids. Inlonic Liquids in SynthesidVasserscheid, P., Welton, T.,
Eds.; Wiley-VCH: Berlin, 2003; pp 3340.

(2) For examples of Friedel-Crafts reactions: (a) Boon, J. A.; Levisky, J. A.;
Pflug, J. L.; Wilkes, J. SJ. Org. Chem1986 51, 480. Esterifications: (b)
Cole, A. C.; Jensen, J. L.; Ntai, |.; Tran, K. L. T.; Weaver, K. J.; Forbes,
D. C.; Davis, J. HJ. Am. Chem. SoQ002 124, 5962-5963.

(3) (a) Fraga-Dubreuil, J.; Bazureau, JTtrahedron Lett2001, 42, 6097~
6100. (b) Miao, W.; Chan, T. HOrg. Lett. 2003 5, 5003-5005. (c)
Anjaiah, S.; Chandrasekhar, S.; GreeTRtrahedron Lett2004 45, 569—

571.

(4) (a) Visser, A. E.; Swatloski, R. P.; Reichert, W. M.; Davis, J. H.; Rogers,
R. D.; Mayton, R.; Sheff, S.; Wierzbicki, AChem. Commur2001, 135~
136. (b) Visser, A. E.; Swatloski, R. P.; Reichert, W. M.; Mayton, R.; Sheff,
S.; Wierzbicki, A.; Davis, J. H.; Rogers, R. Brwiron. Sci. Technol2002
36, 2523-2529.

(5) (a) Gadenne, B.; Hesemann, P.; Moreau, J. THem. Commur2004
1768-1769. (b) Dobbs, W.; Suisse, J.-M.; Douce, L.; Welter ARgew.
Chem., Int. Ed2006 45, 4179-4182. (c) Zhu, Y. J.; Wang, W. W.; Qi,

R. J.; Hu, X. L.Angew. Chem., Int. ER004 43, 1410. (d) Wang, Y
Yang, H.J. Am. Chem. So005 127, 5316.
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resulting in a layered phase. The lowest-symmetry layered phase
is the smectic A (SmA) phase, with the average orientation of
the mesogen long axis normal to the layers. In a smectic C
(SmC) phase the molecules are tilted with respect to the layer
normal. Higher-ordered smectic phases have some degree of
in-plane and/or between-planes positional order, and many of
these phases are considered crystal or soft-crystal phases.

The unique properties liquid crystals offer have led to their
widespread application in display technology; however, many
other applications in a variety of fields are currently suggested
and investigated. One of those applications is the use of LCs
as a templating medium. Some examples are the alignment of
polymer$ or chromophorésand controlled metal deposition
or nanoparticle synthesl8.

The merger of ILs and LCs has yielded a new class of
materials called ionic liquid crystals (ILCs). These self-

(6) (a) Itoh, H.; Naka, K.; Chujo, YJ. Am. Chem. SoQ004 126, 3026~
3027. (b) Kim, K.-S.; Demberelnyamba, D.; Lee, lEangmuir2004 20,
556-560.

(7) (a) Trulove, P. C.; Mantz, R. A. Electrochemical Properties of lonic Liquids.
In lonic Liquids in SynthesjsWVasserscheid, P., Welton, T., Eds.; Wiley-
VCH: Berlin, 2003; pp 103126. (b) Ohno, H., EdElectrochemical
Aspects of lonic LiquidsWiley: Hoboken, NJ, 2005. (c) Buzzeo, M. C;
Evans, R. G.; Compton, R. @hemPhysChen2004 5, 1106-1120. (d)
Bonhte, P.; Dias, A.-P.; Papageorgiou, N.; Kalyanasundaram, Ktz€lra
M. Inorg. Chem1996 35, 1168-1178. (e) Forsyth, S. A.; Pringle, J. M
MacFarlane, D. RAust. J. Chem2004 57, 113—-119.
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organizing systems offer great advantages over isotropic sys- R' .
tems. For instance, ion conduction was enhanced in the SmA >\ -~
and columnar phases compared to that in the isotropic ghase. RO—Ar— N@ NG

date, few mesogens have been described where charged imi-
dazolium groups are incorporated in the rigid core of the
mesogen’

We report herein a series of ILCs that bridge the classes of
ILs and LCs. Through recent developments in aromatic ami-
nation chemistry® we were able to conveniently integrate
imidazolium groups in the core of the mesogen, which now
has the shape of a conventional rod-shaped mesogen. The
molecular structures have implications for the organization in

More recently, ILCs have been described in the literature with 1he material, and the extended aromatic core increases the order
a conventional liquid crystal mesogen linked via a flexible linker parameter in the LC phase.

to a conventional ionic liquid, most commonly a 1-methylimi- A wide variety of parameters were examined for their
dazoliu_m (Mim) group. Mim groups attached to rod-shap_ed LCs influence on the mesomorphic properties (Figure 1). These
have yielded SmA and SmE phases, even vyhen the liquid crystal, oy, de the tail structure (length, branching, chirality, position),
used was a strong nematpdérWhen m_ult|p|_e Mlm groups core size, lateral substituents, and counterion. The liquid
were attached on the tail ends of discotic liquid crystals, o gialiine properties have been investigated by optical polar-
stabilized columnar_ phases were obser%ﬂhe _arch|t_ecture izing microscopy (OPM), differential scanning calorimetry
of these molecules is unconventional, as the imidazolium group (psc), and X-ray diffraction (XRD). Our conclusions are

is a polarizable rigid group that is suitable as part of a mesogenicsupported by molecular modeling experiments.
core rather than being placed at the ends of flexible tails. To

Results and Discussion

ILCs have also been used as an anisotropic medium for
electrochemistry, where the ILC acted as the solvent, the
electrolyte, and the template. Applications in dye-sensitized solarR=C,H;, C,,H, —Ar— =
cells have been proppseq for these syg&ﬁkherefforts have _ R'= H,CH, CH, C.H,, CH, —
reported the polymerization of conducting polymers in lyotropic %
phas€e?® although the latter was a multicomponent system, to R'= CH. C_H
which a common electrolyte was added. 3,7, 11-trimethyldodecyl < >
Beginning in the late 1980s, an increasing number of reports 0
on ILCs have appeared in the literature. Early papers focused 3,6.9-trioxadecy O Q
on the mesomorphic properties of small aromatic systems _  _ _ _ 4@
(imidazolium, pyridinium, etc.), substituted by one or multiple X=1, B_F’ . PR, _ o
long aliphatic tails* The SmA phase displayed by such systems CIO, . H,C.,SO,
often requires a minimum length of the tail (usually,)Gand Figure 1. Generic structure of the prepared series of ILCs with different
the observed mesophases strongly depend on the counteriorf®ameters. A total of 47 molecules have been prepared.
Replacement of one tail with a threefold substituted benzylgroup
gives a wedge-shaped ILC that forms columnar (Col) meso-
phasedPcIn these types of imidazolium- and pyridinium-based
materials, the liquid crystalline properties originate from their
strong amphiphilic character. Excluded volume effects induced
by a rigid anisotropic molecular core, which are one of the main
driving forces for mesophase formation in conventional liquid
crystals, play no significant role. As a result, no nematic
mesophases can be expected from such systems.

(8) Zhu, Z.; Swager, T. MJ. Am. Chem. So@002 124, 9670-9671.

(9) (a) Long, T. M.; Swager, T. MAdv. Mater.2001, 13, 601—604. (b) Long, Experimental. The synthesis and chemical characterization
T. M.; Swager, T. M.J. Am. Chem. So002 124, 3826-3827. (c) 1 1 _ ; ;
Amemiya, K.; Shin, K. C.; Takanishi, Y.; Ishikawa, K.; Azumi, R.; Takezoe, ( H, 3C NMR) of .compoundslu 36_ are descrlbgd ,In the
H. J. Appl. Phys2004 43, 6084-6087. . Supporting Information. After purification by crystallization and/
(10) (a) Gray, D. H.; Gin, D. LChem. Mater.1998 10, 1827. (b) Dag, Q : : :
Alayogltl, S.. Tura, C.,€lik, O. Chem. Mater2003 15, 2711-2717. (c) or column chromatography,_ the materials were _dlssolved, filtered
Yamauchi, Y.; Momma, T.; Yokoshima, T.; Kuroda, K.; OsakaJ TMater. (0.2um pores), and then dried for at least 24 h in vacuum before

Chem.2005 15, 1987-1994. . . . . .
(11) (a) Hoshino, K.; Yoshio, M.; Mukai, T.; Kishimoto, K.; Ohno, H.; Kato, analysis. Mixtures of different ILCs were prepared by dissolving

T.J. Polym. Sci., Part A; Polym. Chei2003 41, 3486-3492. (b) Yoshio, the appropriate amounts of ILC in a common solvent, which

g"gg_N(lg)l(\a,'bsTH{O?W?kaHg'ggja?_’; L‘f{@%&hf%fﬁ?—? Oéﬁﬁg 39;4Eato, was then removed by evaporation. Mixtures were dried for 24

T.J. Am. Chem. So@006 128 5570-5577. h under vacuum prior to analysis. ILCs with relatively hydro-
(12) Yamanaka, N.; Kawano, R.; Kubo, W.; Kitamura, T.; Wada, T.; Watanabe, . . . . .

M. Yanagida, SChem. Commur2005 740-742. phobic counterions did not show different phase behavior after
(13) (a) Hulvat, J. F.; Stupp, S. Angew. Chem., Int. EQ003 42, 778. (b) exposure to atmospheric conditions.

Hulvat, J. F.; Stupp, S. IAdv. Mater. 2004 16, 589-592. P . P . . . . i
(14) (a) Bowlas, C. J.; Bruce, D. W.; Seddon, K. ®hem. Commun1996 Synthesis.The synthesis of the ILCs studied is outlined in

1625. (b) Gordon, C. M.; Holbrey, J. D.; Kennedy, A. R.; Seddon, K. R. _tai f

J. Mater. Chem1998 8, 2627. (c) Holbrey, J. D.; Seddon, K. R.Chem. Schemes 1 and 2. Alkoxy-tails were introduced at the far end

Soc., Dalton Trans1999 2133. (d) Tosoni, M.; Laschat, S.; Baro, Aelv. of the mesogen under standard Williamson etherification

Chim. Acta2004 87, 2742. (e) Knight, G. A.; Shaw, B. OJ. Chem. Soc. P .
1938 682. (f) Sudholter, E. J. R.. Engberts, J. B. F. N.; de JeuJW. conditions. To prepar8, the phenol group was protected Wlth
Phys. Chem1982 86, 1908. ) : o a tetrahydropyranyl group. However, it was recently published
(15) For example: (a) Hoshino, K.; Yoshio, M.; Mukai, T.; Kishimoto, K.; Ohno,
H.; Kato, T.J. Polym. Sci., Part A: Polym. Cher2003 41, 3486. (b)
Navarro-Rodriguez, D.; Frere, Y.; Gramain, P.; Guillon, D.; Skoulios, A.  (17) (a) Kosaka, Y.; Kato, T.; Uryu, Liq. Cryst.1995 18, 693-698. (b) Suisse,

Lig. Cryst.1991 9, 321. (c) Cui, L.; Sapagovas, V.; Lattermann, lGqg. J. M.; Bellemin-Laponnaz, S.; Douce, L.; Maisse-Francois, A.; Welter, R.

Cryst.2002 29, 1121. (d) Yoshizawa, H.; Mihara; Koide, Wlol. Cryst. Tetrahedron Lett2005 46, 4303-4305.

Lig. Cryst.2004 423 61. (e) EI Hamaoui, B.; Zhi, L.; Pisula, W.; Kolb, (18) (a) Altman, R. A.; Buchwald, S. LOrg. Lett.2006 8, 2779-2782. (b)

U.; Wu, J.; Milen, K. Chem. Commur2007, 2384. Zhang, H.; Cai, Q.; Ma, DJ. Org. Chem2005 70, 5164-5173. (c) Ma,
(16) Motoyanagi, J.; Fukushima, T.; Aida, Them. Commur2005 101. D.; Cai, Q.; Zhang, HOrg. Lett 2003 5, 2453.
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Scheme 1. Synthesis of the ILC Precursors?

R’
)\ 2R=H
3 R'=CH,
HOHBr — ROH H =
II or iii 4 R'=CH;,
5§ R'=CzH,,
1a: R=C ,H,5 6 R'= CgH,
1b: R=C;H,

\_/ /=N
HO | — > H,C,0 H,,C,,0 N_|

v, iv, vi /=N
HO | —  HO N\% —
: -
viii H250120_©_§ \%
O (0] 0
OMe OH

10
aKey: (i) RBr, KoCOs, Kl, butanone, 16 h reflux;i) KoCOs, Cul, N,N-dimethylglycine, DMSO, 2448 h at 110°C; (jii) CexCQOs, Cul, 4,7-dimethoxy-
1,10-phenanthroline, PEG-600, butyronitrit24 h reflux; {v) K.,COs, Cul, L-proline, DMSO, 16 h at 116C; (v) tetrahydropyranp-toluenesulfonic acid,
CH,Cly, 2 h atroom temperature;z{) MeOH, 1 N HCI, 2 h atroom temperature;{i) (a) 5N KOH, EtOH 2 h reflux; (b) concd HCI to neutralyiji)
1,3-dicyclohexylcarbodiimide (DCC); &(N-dimethylamino)pyridine (DMAP), THF, 40 h at 5.

Scheme 2. Synthesis of the ILCs?@

|M 12
|/\/‘\/\)\ 13 |/\/0\/\0/\/0\ 14

>\N i or ii >®\|’R" jii @'R“ _  BF,,PF,,ClO,”
AN T T AN - T T AN - XS orHLe,s0;
2-6, 15-36
8or11 (47 compounds)

aKey: (i) Propyl or dodecyl iodide, neat;24 h at 100°C; (i) 12, 13, or 14, toluene, 16-40 h at 100°C; (jii) ion exchange: BF and Pk~ by multiple
washes with concentrated aqueous NaBFNH4PFs solutions, respectively; Cl© through a AgCIQ solution; HsC1,SO;~ (dodecylsulfonate) through
prefunctionalized beads.

that imidazole can be coupled directly to 4-iodophenol in an  The alkylation of 1-arylimidazoles needed optimization, and
excellent yield.82 we found that alkyliodides are required to give full conversion
The key step in the synthesis was an Ullman-type coupling under reasonable conditions. Therefore, the (commercially)
of an aryl iodide or bromide with imidazole and 2-substituted available alkylbromides and the tosyl@fsere converted into
imidazole derivatives. Recent literature shows that the copper-iodides 12—14 by means of Finkelstein-type reactions. The
catalyzed reaction can be facilitated by the use of specific alkylations with alkyliodides were conducted either without any
ligands, which makes this type of reaction a particularly useful solvent @-propyliodide andn-dodecyliodide) or in toluene
tool in the formation of aryl heterocyclic compountsThe solution. The reduced concentration when a solvent is used
procedures described by Ma et'#l.cwere used for unsubsti-  generally leads to longer reaction times. After the alkylation
tuted imidazoles. In their work, they describe good to excellent reaction, pure products were obtained by multiple crystalliza-
yields with commercially available, inexpensive ligands. The tions, if necessary preceded by column chromatography. lodide
reactions are relatively slow, but minimal byproducts are ions were exchanged by multiple washings of a dichloromethane
produced, and any unreacted arylhalide is easily recovered insolution of the ILC with concentrated aqueous sodium salt
the purification procedure. For 2-alkyl- or 2-phenyl-substituted solutions (B~ and Pk~), by precipitation of silver iodide
imidazoles, these reaction conditions gave low conversions, and(using AgCIQ), or by treatment with pre-functionalized beads
the dimethoxyphenanthroline ligand following the methods of (sulfonates). Tables 1 and 2 show the variation in the materials
Buchwald et al. gave superior resul8.Under Buchwald’s that were prepared.
conditions, we were able to obtain moderate yields for imida- Mesomorphic Properties.To systematically investigate the
zoles with bulky substituents (pentyl and phenyl) at the influence of specific chemical parameters on the mesophase
2-position® behavior, we will discuss the materials in separate series in

(19) Note that for reactions with the bulky 2-phenylimidazole, we were not able (20) Jullien, L.; Canceill, J.; Lacombe, L.; Lehn, J. M.Chem. Soc., Perkins
to obtain the high yields reported in literature (ref 18a). Trans. 21995 417—-426.

14044 J. AM. CHEM. SOC. = VOL. 129, NO. 45, 2007
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Table 1. Prepared ILCs with Yields of the Alkylation Step and the Table 2. Prepared ILCs with Yields of the Alkylation Step and the
lon Exchange H lon Exchange R
>\N/R >\N/R
oo O A A
mesogen R" 4 X~ Y% mesogen R R" X Y%
15a n-CsH7 1~ 92 26a CHs n-C3H; I~ 92
15b n-CsH; BF4~ 97 26b CHs n-CzHy BF4~ 92
15c¢ n-C3H7 PR~ 98 27a CHs n-CyoHos 1~ 90
15d n-CsHy Clos~ 88 27b CHs n-CioHos BF4s~ 93
15e n-CsHz H25C12S05™ 71 28a CoHs n-CgHy 1= 87
16a n-CioHzs 1~ 86 28b CzHs n-CzHy BF4~ 97
16b n-C1oHos BF4s~ 98 29a CoHs n-CioH2s 1~ 82
17a TMD 1= 84 29b CoHs n-CioHos BF4~ 97
17b TMD BF4~ 98 30a CsH1y n-CsHz I~ 83
18a Scitronellyl I~ 91 30b CsH11 n-CsgHy BF4~ 98
18b Scitronellyl BFy~ 96 3la CsHi1 n-CioHzs I~ 76
19a Me(OCHzCHz)g— 1~ 70 31b CsHi1 n-CyoHzs BF4~ 93
19b Me(OCH,CHy)s— BFs+~ 92 32a Ph N-CizHos I~ 67
H 32b Ph n-C1oHos BF,~ 72
>\N/R" H
H250120N@ >\N/R
: oo O3
[ \) X~

mesogen Ar R"a X~ Y%
20a PhCQPh n-CsHy I- 89 mesogen R"* X %
20b PhCQPh n-CgH7 BF4~ 95 33a n-CsH- - 80
2la PhCQPh n-CioHos 1~ 92 33e n-CzH~ H25C12S05™ 52
21b PhCQPh n-CioHos BF4~ 94 34a n-CioHos - 90
22a PhCQPh TMD I~ 90 34b N-CioHzs BF,~ 96
22b PhCQPh TMD BR~ 96 35e Nn-Ci2Has H25C1,S05~ 62
23a Ph n-CsH7 I~ 65 35a TMD I~ 92
24a Ph n-CioHos I~ 78 35b TMD BF,~ 93
24b Ph n-CioHzs BF,~ 87 36a Me(OCH.CHp)a— I- 59
25a Ph TMD I~ 75 36b Me(OCH.CHy)s— BFs 67

25b Ph TMD BR~ 90

aTMD = 3,7,11-trimethyldodecyl; Me(OCi€H,);— = 3,6,9-trioxade-
aTMD = 3,7,11-trimethyldodecyl;SDMO = S-3,7-dimethyloctyl; cyl.

Me(OCH,CH,);— = 3,6,9-trioxadecyl.

some materials show a cold crystallization process preceding

the melting transition (for instancksc), whereas in others, no

crystallization is observed (for instan26b). Because the glass

transition temperatures are generally around room temperature,

the SmA phase of the latter group shows an unusually broad

temperature window, which is beneficial for applications. The

supercooled state of the latter materials is stable for months.

which only one structural element is varied. Compoutisland
16 have been used as “internal standards” in all series. Tables
with the mesomorphic properties and XRD results of all syn-
thesized materials are included in the Supporting Inform&fion.
OPM analysis of the LC samples consistently showed the
characteristic focal conical textures of a SmA phase (Figure 2a).
The textures are often combined with large spontaneous 2 i . )
homeotropically aligned areas that are optically isotropic when Some materials in the series displayed crystal polymorphlsm
viewed normal to the glass surfaces, particularly on cooling from (e.g.,_ _trace318b and 21b). At lower temper_a_tures, mu_It|_pIe
the isotropic phase, even between unprepared glass slides (Figurgansmons, probably (soft) crystatrystal transitions, are visible

2b). At lower temperature, crystal and soft crystal phases are'" tfhe DSCi traces. Cr?mpoumEshows threcla sucrllltransnm_)ns
observed. Optical textures of these lower temperature phasesbe ore melting into the SmA phase. Some laterally substituted

shown in Figure 2c,d, are not conclusive, and no attempt haleCs show transitions to another smectic phase on decreasing

been made to further elucidate their identity. temperatures.

DSC measurements were performed on all liquid crystalline ~ X-ray diffraction studies in the mesophase show the charac-
materials and mixtures. Transition temperatures were recordedteristic SmA pattern with a strong fundamental (001) reflection,
as the local maxima of the endotherm. Five characteristic @ small first order (002) reflection, and a diffuse reflection of
examples are shown in Figure 3. Generally, the DSC traces werethe alky! tails around 4.5 A (Figure 4). Typically, in the (soft)
simple and showed two transitions, the melting and the clearing Crystal phases at lower temperatures, the layered organization
point. Some materials showed suppression of crystallization. IS conserved. The presence of sharper reflections at lower
In the first heating, the solid, as obtained from the synthesis, temperatures in the wide angle region indicates the increased
shows a clear melting transition. However, the reverse processorder within the layers of these phases.
is not observed in the cooling run. Instead, a glass transition is  The (001) reflections were fit with a Gaussian distribution
observed around room temperature. In the second heating runfo obtain the layer spacinglgo: over a wide temperature range
(see the inset in Figure 4). Depending on the alkyl substitution
(21) Note that more ionic liquid crystals have been synthesized than discussedpattem of the ILC, the molecules organize either in monolayers

in the body of the paper. All synthesized materials are in the Supporting . . . .
Information. SmAy with dgo1 < Leaie OF in bilayers SmA with Leaic < doox

J. AM. CHEM. SOC. = VOL. 129, NO. 45, 2007 14045
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Figure 2. Optical polarizing microscopy images: (2¥batT = 130°C ] LN o
(focal conic SmA phase); (@)5eat T = 178°C; (c) 22aat T = 182°C Figure 3. Normalized DSC traces of selected mesogetréh, characteristic
(CrZ phase); (dp4batT = 50°C (CrX phase). All pictures are taken with trace of an ILC15¢ supp_ression of cry;tal!ization with cold crystalliz_ation;
crossed polarizers. The scale-bar is shown in the figures. 20b complete suppression of crystallizatiat§b and 21b polymorphism

at lower temperatures. All traces are second heating runs and first cooling

. runs. Third cooling runs were identical to the second, provided that no
< 2 Lcais WhereLca is the molecular length of the fully ex-  gegradation took glacér(> 230°C). P

tended mesogens with the aliphatic tails in an all-trans config-

uration. Hence, the experimentally determined molecular length Cr 34 i
Lxrp equals the layer spacimdyo; for monolayered materials 33 ®0eg, z E;A
and equals half of the layer spacing in the case of bilayers. 32 o Cr

Molecular modeling studies (Supporting Information) suggest SmA
that the long axis of the mesogens is considerably larger than
the experimental layer thickness in the SmA phase, which
indicates that the aliphatic tails are strongly interdigitated. To
quantify the extent of interdigitation the ratlorp/Lcac Was
calculated. Since the layer spacing in many materials is strongly
dependent on the temperatuitgrp was determined at reduced
temperaturelT = 0.95Tis.. ILC 17bis an indicative example

=M d,za+ BT /

o o ,
, 30 o« =355, p=-0.026; k= 0.9929%n
o =27.9; p = 0.011; R = 0.998

digitation is likely the result of an increased effective volume &N\ — o T/°C
of the mesogen core due to the presence of the counterion. g 0.5 1.0 15 20

All of SmA layer spacings display a strong linear temperature ql/ A"
dependencedo; : o+ fT). Interestmgly,l?t.), LX.RD extrapo- Figure 4. XRD results froml7b, recorded cooling from the isotropic phase
lated toT = 0 K gives a value of 42.5 A, which is close to the (giffractograms every 5C recorded with exposure times of 10 min per
calculated value of 41.2 A. An analysis of the temperature measurement). (Inset) Temperature dependence of the layer spacing. The
dependence and the interdigitation of the different series of dashed lines are Iinea_r fi_ts of th_e SmA_ phase and the soft crystal phase.
materials will be discussed later. The layer spacings of the "'tind results (C) are indicated in the figure.
crystal phase(s) were either similar to the SmA phase or smaller Series 1. Evaluation of the Influence of theN-Alkyl
with a continued reduction in length with decreasing temper- Substituent. We investigated ILCs by first modifying the length
ature. The example shown in Figure 4 indicates a tilt of the of the aliphatic tails. Shorter tails generally give higher clearing
mesogens in the layers below the SmA phase, although no (soft)temperatures and mesophases with no positional order (i.e.,
crystal phase assignments have been made from X-ray patternsnematic phases). Increasing the tail length initially reduces
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o~y The mesogen carrying the short propyl tdib), displays a
@ H.C..0 Q O N@ - different behavior. Although the transition temperaturd bfs
in the range ofLl6—18, the latent heat at the clearing point is

1531 much lower, indicating a lower degree of organization in the

16a SmA phase. Interestingly, upon ion exchange fronta BF,~
. crystallization is suppressed, and a very wide mesophase is

17a | ] formed, ranging from room temperature to nearly 2Q0

The glycol-functionalized mesogens are very different from

| other members of the series. The transition temperatures are
193_ very low: 19ashows glass transition atl °C, 19b melts at

N SmA 8 °C, and both show clearing temperatures that are’Clower
E S?M than those of the rest of the series. The deviant behavit® of

is likely associated with the presence of dipolar interactions
between the imidazolium ion and the oligoglycol tail. When
[ 150 200 250 one equivalent of LiBEis added tal9b, the clearing temper-
T/°C ature jumps up to values similar to those of the other members
of the series. We suggest that'libns in the mixture compete
: with the imidazolium group in complexing the glycol tails. This

S . .
@ H,EC‘,ON@ BE- allows for a more rod-shaped conformation of the mesogen,

which in turn increases the clearing temperatures. This argument
15b_ is in line with preliminary molecular modeling results, discussed
16b:_ in the Supporting Information.
The BR~ salts of 15-19 were subjected to XRD at
:— temperatures throughout the SmA phase. Characteristic SmA
patterns were observed in all cases with a strong sharp
fundamental layer reflectiody; and diffuse reflections in the
wide-angle region. The layer spacings, obtained after fitting the
(001) reflections, are shown in Figure 6. Materials with long
aliphatic tails16b, 17b, and18b,formed monolayers with layer
spacings of the order of 3 nm. The degree of interdigitation at
19b 0.95Ts, is comparable for all three compounds. Moreover, the
20 100 150 200 250 bilayers forme_d by propyl-substituteldsb are interdigitated to
T/°C an extent S|m|Iar_ to that of the r_nonolayer§ formed1®y-18.
roure 5. M . fes d5-19 ( © struct N Compoundl9b with the glycol tails forms bilayers as well but
lgure 5. NIESOMOrpNIC properties alomL9 (generc SUCUres Snown — gpgwsg much stronger interdigitation than any other member of
gg?rsedtfoﬂgg;?rgsgbc}\z IZ(‘)B(IjJI.dLeJpsc‘)?:tfsasatnl?egt)i)ﬁgBgag;:\ilr?éietg%ﬂe?:ture the series. We attribute this behavior and the large temperature
of approximately 270C was observed in microscopy experiments. dependence of the layer spacing (15% over only°G) for
] ) __ 19bto the imidazolium-glycol interaction. Addition of LiBEg
clearing temperatures and promotes smectic phases. We limited, 194 reduces this strong temperature dependence to trends in
ourselves to short @ or long (Go) linear tails and investigated  5¢cord with those observed fBb; however, the interdigitation
introduction of multiple small branches by using racemic (3,7,- emains.
11-trimethyldodecyl) and chiral §-citronellyl) tails. We also Series 2. The Influence of the CounterionWhen compared
prepared an oligo(ethyleneglycol) derivative to study the t, conventional liquid crystals, ILCs have an additional param-
interactions between the imidazolium salt and a polar tail. The gter for mesophase manipulation: the counterion. The counterion
synthesis and subsequent ion-exchange reactions yielded botlp 55 5 |arge effect on both the melting and the clearing tempera-
iodide and BE~ salts for parallel analysis. The transition yres22\we chose to investigate a small selection of counterions,
temperatures are summanz.ed in Figure 5. Latent heat Value%ncluding BR~, PR, and CIQ- ions. These ions have
for the BF, salts are shown in Table 3. o hydrophobic tendencies, and a low sensitivity to atmospheric
ILCs with long aliphatic tails16—18 show very similar  p,midity was anticipated. The trends are mesogen dependent.
mesomorphic properties, both in transition temperatures and However, for most materials, halides show higher clearing
latent heat. The presence of small branches has limited inﬂuencetemperatures than the lipophilic anionssPABF,~, and CIQ~.22
on the mesophase stability. In other reports on non-ionic liquid |, the seriesl5a—d, the clearing points decrease in the
crystals, it has been found that the use of the trimethyldodecy! . qer: | > BF,~ > ClOs~ > PR (Figure 7 and Table 3). In
tail, with disordered methyl groups, widens the mesophases by qgjtion, we observed that the crystallizationl&b and15d is
suppression of crystallization. It has also been reported that thesuppressed, and hence, the mesophase window can be extended
chiral branches in the citronellyl group cause an increase in the, room temperature to give a SmA phase width of 160
melting temperature. However, both modifications have limited  15p1e 4 summarizes the DSC and XRD data T6a—15e
effects in our prepared series of ILCs. The phase behavior of 110 | Cs 15a-15d, with small counterions, show strong

the BR™ salts is comparable to that of the corresponding iodide gjmjjarities both in latent heat at the clearing temperature (the
salts. Further details of the influence of the counterion are

discussed later in Series 2. (22) Binnemans, KChem. Re. 2005 105, 4148-4204.
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Table 3. Latent Heat and XRD Data of N-Alkyl Substituent Variation

AN
me.o~{ )~ )", -

LC R" AHe—sma #1kJ mol AHsma-iso  1kJ mol Lea ° 1A Lygo %€IA LyrolLcaic ©

15b n-propyl - 0.6 30.5 44.5 0.73
16b n-dodecyl 13.1 3.4 41.5 31.7 0.76
17b 3,7,11-tridodecyl 14.3 3.7 41.2 30.9 0.75
18b (9-citronellyl 14.4 2.5 36.7 29.5 0.80
19b 3,6,9-trioxadecyl 10.4 0.2 38.0 48.4 0.64

19b+ 0.5 equiv LiBR - 0.2 38.0 455 0.60

- 0.2 38.0 45.2 0.59

19b+ 1.0 equiv LiBR

a| atent heat at the crystal to SmA transition (taken from the second heating fraeg¢nt heat at the SmA to isotropic transitiér.ength of the
stretched molecule, determined by molecular modefiigyer spacing, determined by XRD experiments: for monolayggs = doos, for bilayered materials
Lxrp = 1/2 x doo1. © Lxrp Was determined af = 0.95T s, (after interpolation of the data).

554
50-
454
o<
~— 40-
S monolayers
T 35 oonoy
30- ‘—“%
25/ —#-15b —o—17b —o—19b
o—16b 4—18b —e—19b+05eq.Li
20 —<4—19b + 1.0 eq. Li’
50 100 150 200
T/°C

Figure 6. XRD-determined time dependence of the layer spacing in the
SmA phase of the BF salts 0f15—19. Note thatl5b and19bform bilayers,
whereas forl6b, 17b, and18b, monolayers are observed.

~
oo A,

s =
G,
—iCr

Mesogen

15d
15e

15e

15a | |
15¢c | PF

100 150 200 250
T/°C

Figure 7. Mesomorphic properties df5a—15e(generic structures shown

above the diagrams).

o

50

amount of SmA order lost at the transition) and their layer
spacings. They form highly interdigitated Smahases and
similar layer spacings with iodine being the largest¥l BF,~

Table 4. Latent Heat and XRD Data of 15a—15e

~
I~

AHer—small AHSrnAflsoh/ Lege® LXRDd'e/
Lc X kJ mol— kJ mol— A A Lo/ Leac®
15a I~ 38.8 0.6 30.5 41.0 0.67
15b BF4 - 0.6 30.5 44.4 0.73
15¢c PR~ 31.0 0.6 30.5 45.5 0.75
15d  ClOs~ - 0.5 30.5 43.5 0.71
15e  HsC12S05~ 50.6 3.0 44.2 32.0 0.72

aLatent heat at the crystal to SmA transition (taken from the second
heating trace)? Latent heat at the SmA to isotropic transitiéi.ength of
the stretched molecule, determined by molecular modefihgyer spacing,
determined by XRD experiments, for monolaykxgp = doos, for bilayered
materialsLxrp = 1/2 x doos. € Lxrp Was determined ak = 0.95T s, (after
interpolation of the data).

55 < —a—15a
1 S~ ——
g 15b
‘\%“ ““:l\q A 15¢
50 A N —o—15d
o A\;\ﬂ\ —eo— 15e
- bilayers ‘\'\4
= 45 O N
=3 ‘\.\<
o O l\
40 3
monolayer
354
e,
e
30 T T T T
50 100 150 200
T/°C

Figure 8. Temperature dependence of the layer spacing in the SmA phase
of 15a—e as determined by XRD experiments. Note that obbe forms
monolayers, while bilayers are observed i&a—d.

To contrast the small hydrophobic counterions, we also
prepared a derivative with a dodecylsulfonate gralfe
wherein the counterion bears another hydrocarbon tail. Interest-
ingly, this material behaves completely differently from that of
the other members of this series. The latent heat at the clearing
transition is much larger than that ®5a—d; in fact, it is nearly
the same as that observed idib, the dodecyl-substituted ILC.
XRD experiments reveal monolayer formation fife

Series 3 and 4. The Influence of the Core Size and Lateral
Substituents.In (conventional) liquid crystals, one of the driving

> PR~ > ClO47). The temperature dependencies of the layer forces for mesophase formation is excluded volume. The energy
spacings (Figure 8) are nearly identical for all these materials. of a rigid anisotropic body can be decreased by aligning with
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_CH, R

® H,SC,‘O—AF—NQ y ©) H,sc.,o”@/ X

g
% |‘1 l BF,
=

23b| Not Liquid crystalline = g:;\ . SmA
Cicr B SmX
G,
cCr
0 50 100 150 200 250 . . : : .
T/°C 50 100 150 200 250
ey Cit
@ Hesc.,,o—m—N\(:jjI "
24a
16a
S 21a
o
o
o)
O
S 24b

23,24| Ph

21,22 PhCQO,Ph
216] ] ——

50 100 150 200 250

0
T/°C 0 50 100 150 200 250
Figure 9. Mesomorphic properties of Series 3 (ILCs with different T/°C
cores): (a) series'R= propyl, X~ = |~ (top) and X = BF4~ (bottom); ) ) ) .
(b) same series with'R= dodecyl and X = |~ (top) and X = BF4~ Figure 10. Mesomorphic properties of series 4 (ILCs with lateral
(bottom). The generic structures are shown above the diagram. substituents): (a) series"R= propyl, X~ = I~ (top) and X" = BF4~

(bottom); (b) same series with'R= dodecyl and X = |~ (top) and X =
. . . . L BF4~ (bottom). The generic structures are shown in the diagram.
its environment. This explains why liquid crystal phases are

observed predominantly in anisometric molecules. Aspect ratio clearing temperature drops significantly to 8 and the
has a major effect on the phase stability as well as the type of corresponding BFF salt does not exhibit liquid crystalline
mesophase. Lateral substitution of the core with (small) side properties. By increasing the tail length from propyl to dodecy!
groups decreases the aspect ratio and often prevents densg4 (or trimethyldodecyl, see Supporting Information) stable
molecular packing in the mesophase, which usually leads to mesophases are obtained, but the clearing temperatures remain
decreased order in the mesophase and lower clearing tempermuch lower than those df6.
atures. The influence of lateral core substitutions is shown in Figure
We prepared ILCs with different core sizes and decided to 10. The sterically undemanding methyl group has limited effect
use the imidazolium group for lateral substitution in order to on the phase stability, and small differences relative to the
(i) facilitate synthesis, as 2-substituted imidazoles are com- unsubstituted mesoge$ and16 are observed. As the size of
mercially available or readily accessible and (ii) improve the lateral group increases, the mesophase and crystal phase
stability since it removes the potentially labile proton on the stabilities are considerably decreased, a8H displays arg of
imidazolium ring. —2 °C. In other cases, such &@9b, the suppression of
Figure 9 compares the transition temperatures of four groupscrystallization by the ethyl group allows for the formation of
of ILCs with cores differentially substituted with: (a) propyl other smectic mesophases. We also prepared largentyl and
substituents and (b) dodecyl substituents. The results of the | phenyl side groups, but for these materials no mesomorphic
salts are in the top of the diagrams, and those of the BElts properties were observed. The latent heat values at the clearing
are at the bottom. An increase in the core size by the introduction transitions and the XRD results of the BFsalts are summarized
of an ester group between the two phenyl rings results in ain Table 5.
decreased range of SmA stability due to an increase in the Temperature-dependent XRD experiments (Figure 11) show
melting temperatures. In addition, all of the prepared esters the layer spacing of the ILCs from series 3 and 4 as a function
display polymorphism at low temperatures with up to three (soft) of temperature. As expected, the observed layer spacings are
crystal phases. A decreased core size obtained by omitting ondargest for the extended core mater2dl and smallest for the
of the phenyl rings has a large effect on the mesomorphic shortene®3. When compared to their molecular length (Table
properties. For the propyl-substituted matei28a (- salt), the 4), the extent of interdigitation is largely mesogen independent.
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Table 5. Latent Heat and XRD Data of Series 3 and 4
RI

CIZHZS

-

H,,C,,0 — Ar— N@N .

LC core (Ar) R’ AHe—sma® kJ mol=2 AHsma—iso” kJ mol=2 Leacs! A Lyg %I A Lol Leac®

15b PhPh H 13.1 3.4 41.5 317 0.76
20b PhCQPh H 40.3 3.8 44.0 32.9 0.75
23b Ph H 7.5 3.0 375 26.4 0.70
26b PhPh CH 41.8 3.2 415 30.5 0.73
28b PhPh GHs 0.7 1.6 415 30.9 0.74

30b PhPh n-CsH11 not mesomorphic

32b PhPh Ph not mesomorphic

a Latent heat at the crystal to SmA transition (taken from the second

heating fraeegnt heat at the SmA to isotropic transitiér.ength of the

stretched molecule, determined by molecular modelgyer spacing, determined by XRD experiments, for monolalyggs = doos, for bilayered materials
Lxrp = 1/2 x doos. € Lxrp Was determined & = 0.95Ts, (after interpolation of the data)AH at SmX to SmA transition.

. <],
3 ° 4‘“*«35
- L] ® . d‘i“‘d\q
*Q:g: _ . =
&‘-‘Q '%:Q:ﬁ:é:a_ﬁ‘&-g
< 3p. B
‘-‘:— 0M
< o, * 16b
+ —<-21b
254 —e—24b
—a—27b
—u—29b
50 100 150 200

T/°C
Figure 11. Temperature dependence of the layer spacing of the monolayer
forming series 3 and 4 (dodecyl-substituted materials only).

0.07
0.06

0.054 bilayer

0.04

0.034 mixture

4 ™
| &~a )
l N
Ci2—
monolayer
025 030 035
Interdigitation

Figure 12. Temperature dependence of the layer spacing plotted against
the degree of interdigitation. The equations defining these quantities are
given in the text. For convenience, points are grouped together fathie
LiBF 4 mixture, 18b (Cs-citronellyl tail), the bilayer SmA phases &ba—d
and19b and the G-substituted monolayer SmA phasesléi 16b, 17b,

21b, 24b, 27b, and29b.

0.02

—

0.014

Temperature dependence

0.00 T
0.20

040 045

Laterally substituted mesoge6 and28 display a similar layer
spacing and degree of interdigitation as the pafdnt

When comparing the XRD results between different series
of ILCs, we identified two important variables: the degree of
interdigitation, defined as % { Lxrp(T = 0.95Tis9)} { Lcad , and
the temperature dependence of the layer spafingp(T =
0.90Ts0) — Lxro(T = 0.95Tis0)} { Lcaid , determined over a smalll
temperature window (witfi/K). Figure 12 shows all materials
for which XRD data was collected in a master plot.
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ILCs with one tail ILCs with two tails
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Figure 13. Schematic representation of materials with one or two tails.

The monolayer SmA phases formed by thg-8ubstituted
mesogens are grouped together in the bottom of the plot. They
are characterized by interdigitations 0f-250% of the calculated
molecular length with relatively low-temperature dependence.
The citronellyl derivativel8b shows similar behavior, albeit
interdigitation is slightly reduced. The temperature dependence
of the bilayered systems, however, is significantly larger. The
presence of the Liions in the mixtures ofl9b with LiBF4
causes interdigitation to increase but also results in decreased
temperature dependence as compared to the other bilayer
structures.

Series 5: Influence of the Position of the Aliphatic Tails.
Considering thatl5b and 34b are isomers, we anticipated
comparable mesomorphic properties. SimilaB$b, in which
the dodecyl tail is replaced by the trimethyldodecyl tail, was
expected to show behavior comparable to thdtdd, the parent
material. However, the liquid crystalline properties for this series
of materials were found to be very different.

We have investigated the effect of the substitution pattern
with one or two long (&) tails on the mesogenic core and the
surfactant anion. As the cationic charge in the mesogenic core
creates highly asymmetric ILCs, the influence of the tail
substitution pattern on the mesophase behavior is substantial.
Figure 13 schematically depicts the materials investigated, and
their mesophase behavior is summarized in Figure 14.

Mixtures of lonic Liquid Crystals. Mixtures of liquid
crystals are widely used in commercial applications. This
approach eliminates the need for design and synthesis of a
mesogen with all desired properties (which possibly may not
exist). An additional advantage of mixtures is that crystallization
is often suppressed and mesophases can be stable at lower
temperatures. To investigate the mixing behavior of our newly
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Figure 14. Comparison of the mesomorphic properties of ILCs with one
and two (branched) G tails. The structures are represented schematically
in Figure 13.

prepared ILCs, we prepared binary and ternary mixtures (Table
6) that were investigated by DSC and OPM.

Contact samples of two different mesogens were prepared
by allowing two small drops of ILC in the isotropic phase to
mix under a cover slip. The interface between the two materials
was studied by OPM by varying the temperature. Contact
samples of structurally similar mesogens always showed
complete (linear) miscibility of the two components. Interesting
behavior was observed for the contact sample prepared from
15b and 34b (isomers with a different position of the propyl
tail). Both materials mixed homogeneously in the isotropic
phase, but the mixture did not permit mesophase formation. The
microscope image showed two different textures of the meso-
phases of both materials separated by an isotropic region as

. . Figure 15. Contact samples of ()5b/34b at 125°C and (b)26k/35b at
shown in Figure 15a. Compourg#b showed a clear, focal, 80°C (right) and 3C°C (left). Both pictures show immiscibility of the pairs

conical texture, whilel5b showed a grainy texture with a  of SmA mesogens. Mesogesgb and 35b show a focal conic texture;
tendency for homeotropic alignment in the bulk of the material. 15b and 26b a grainy texture or homeotropic on cooling. The dark
The isotropic region did not disappear upon cooling to room Nomeotropic SmA areas are labeled SmANis is not a separate phase
imilarly. the SmA phases of compo@&tsand assignment but is used to distinguish the bla_ck.texture_z from the isotropic
temperature. S'm' arly, ] p p ) areas.The area in between the SmA phases is isotropic. (c) Mix20a#
36b, both substituted with methyl groups on the tail and the 23aat 60°C: 20ais homeotropically aligned (bottom left) and at the
core, respectively, are immiscible in the SmA phase. The two interface with23aa focal conic texture appears. All pictures were taken
; ; ; ; ; between crossed polarizers.
(different) textures are separated by an isotropic region (Figure
15b), that reduced in size when cooling the sample to room
temperature, but never disappeared. Annealing the structure (foraligned homeotropically. On cooling, the SmA interface slowly
multiple days) gave rise to complete phase separation into theshifts toward the bulk o23a At the interface, a classical focal
two (smectic) components. conic texture appears. The picture in Figure 15¢ was recorded
Mesogens20a and 23a (same substitution pattern, but just above the clearing temperature2¥aand further cooling
different core size) are an example of a completely miscible of this sample resulted in the formation of a focal conic texture

— 10 nm

system. In the contact sample (Figure 15c), the bulk@d is in the bulk of23a
Table 6. Composition and Phase Behavior of Mixtures of ILCs
phase behavior®¢ 7/ °C and i
mixture composition (molar fractions) miscibility? (AHI kJ mol™Y) gmol™*
| 15a (0.501) 34a(0.499) - i n/a n/a
Il 15b (0.502) 34b (0.498) - i n/a n/a
1 26b (0.500) 35b (0.500) i n/a n/a
\Y 20a (0.477) 23a(0.523) - m Gsma 14 SmA 132 (0.4) Iso 593.6
\ 16a(0.337) 21a(0.340) 24a(0.323) m Cr 127 (5.7) SmA 216 (2.6) Iso 717.0
\ 20a (0.336) 31a(0.332) 35a(0.332) m Gma 6 SMA 164 (1.7) Iso 667.2
\ll 20b (0.331) 24bh(0.331) 34b(0.338) m Cr 21 (broad) SmA 83 (0.7) Iso 577.9

aj = immiscible, m= miscible.? Gsma = glass with SmA phase frozen in, SmAsmectic A, Iso= isotropic.¢ To determine the latent heat in kJ mgl
the average molecular weight calculated from the molecular weight of the constituents, weighted by the molxradloil= 3 ;Mix;.
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Table 7. Observed Clearing Temperatures and Latent Heat, templating medium for the electrosynthesis of materials. Despite
Compared to Calculated Values . e : :
the potential impact, this is the first extensive parameter study
Tisoen/ AHgo.0/ Mol [AH [ to be performed on these types of mesogens.
mixture °C kJ mol~* °C kJ mol* : : : :
Using newly developed aryl-amination chemistry, we have
'\>/ %ig g-g 21:3362 411-9 prepared a series of ILCs wherein the charged (imidazolium)
i 154 17 15¢ oK group has been incorporated in the rigid part of the mesogen.
Vil 83 0.7 146 1.9 The increased core size, as anticipated, has a positive effect on

i el A i the order parameter of these new materials when compared to
“ To predict the transition temperatures and the latent heat, we used theimple long-chain 1-alkyl-3-methylimidazolium salts. This me-
Vgﬁ;?:};f’D?Q{ri%?egfvgﬁei‘}';}%o; eﬁiﬁfg;o ozci,T'Z’ﬁX,Loaﬂdzl%JH;"Eﬁ_ sogenic core allowed us to conduct a full investigation of how
¢ Estimated values foBla Tiso = 50 °C, AHiso = 0.3 kJ mot™. the structural parameters influence mesophase formation. In-
_ ) ) vestigated parameters included: (i) the size and nature (branch-
Discrete binary and ternary mixtures (Table 6) were analyzed jng effects) of the aliphatic tails and the substitution of those
by DSC. Immiscible samples (mixturés-Ill ) showed DSC  ils with corresponding ethylene glycol tails, (ii) the size of
traces with multiple broad peaks. DSC traces of miscible {he mesogenic core. (iii) lateral substitution on the mesogenic
samples, as judged by OPM (mixtutes—VI1 ), displayed well- core, and (iv) the nature of the counterion.
defined SmA to isotropic transitions that are slightly broadened |, summary, our results indicate that mesogens with a larger
with respect to the pure compounds. Some of the miscible ¢4re gisplay more stable SmA phases (higher clearing temper-
samples showed partial crystallization after extended periods gy res), but also higher melting temperatures. The latter can be

at room temperature. , _ reduced by introducing small laterally attached substituents.
Table 7 shows the clearing temperatures and correspondingyhen |ateral substituents become too bulky, the mesogenic

latent heat values of mixturég —VII , compared to the average  roperties are lost. Mesogens substituted with two long flexible
values (weighted by mole fractions) of the separate components.a"ph(,ﬂtiC tails form interdigitated SmAphases. Branching of

The close correspondence of the clearing temperatures ofyhg 4ils (either in racemic or chiral form) has minimal influence
m|xturesI.V andV |nd.|cates nearly linear miscibility and thus, the phase behavior. Short tail substituents introduce the
close to !deal behavior. Observed values of the latent heat at¢ormation of SmA phases (interdigitated bilayers). Mesogens
the clearing temperature are lower than the calculated averageypsiituted with ethyleneglycol tails show deviant behavior
values. This can be readily understood because a SmA phasgyequced mesophase stability), due to the interaction of the tail
containing a mixture of mesogens of different dimensions would \;ith the imidazolium cation. Doping these systems with LiBF
be expected to show reduced order. _ _ stabilizes the mesophase and has the additional advantage that
On the basis of OPM studies, we found that binary mixture he | i+ jons can improve rates of anisotropic ion conductivity.
I\,/ 5“9""5 complete supprgssmn of crysta}lhzatlon and the Mixtures of different ILCs are completely miscible in some
viscosity of the sample was judged (qualitatively) to be lower .,qoq anq ideal mixing behavior has been observed. The use
than that_ of the pure components. The sample could easily beof such mixtures offers advantages over the use of pure
sheared in the SmA phase at30, a temperature 8IC below ., ounds by suppressing crystallization and giving low-

the clearing tempera(i;ure.f. dth ) hich ) viscosity SmA phases, which is important for potential applica-
We were surprised to find that mixtuké , which contains tions. In other ILC mixtures incompatibility of the two SmA

the _no_r;—lllqulq crystallljr?e3|1a ?jn;'j I'Sd very sllmllar 0 the  hases was observed, thereby indicating that additional structural
immisci e_m|xturelll , displayed liqui cry_sta properties. In investigations of the mesophases are necessary.
fact, for mixtureVI the experimental data is very close to the

average values of the components. Mixti with similar Acknowledgment. This work was supported by the National
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Liquid crystals with ionic rigid cores constitute a relatively
new class of materials in which self-organization and macro-
scopic anisotropy are imparted to ionic liquids. The anisotropic
properties that these materials offer may find applications in
functional devices, such as photovoltaic fuel cells, or as a JA075651A

14052 J. AM. CHEM. SOC. = VOL. 129, NO. 45, 2007



