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A B S T R A C T

In this study, the phase transitions and magnetic properties of magnetic ionic liquids (mILs) were investigated at
low temperatures. The mILs were [Cnmim]2[MnCl4-mBrm] (n = 2, 3, and 4; m = 0, 1, 2, 3, and 4), where
[Cnmim]+ is 1-alkyl-3-methylimidazolium. Here, simultaneous X-ray diffraction and differential scanning
calorimetry were used to determine the crystal polymorphs in the mILs. The results showed that shorter alkyl
chain lengths of cations and symmetric anions aided crystallization. Melting points in [C2mim]2[MnCl4-mBrm]
were also found to be strongly dependent on asymmetric anionic configurational and cationic conformational en-
tropies. Furthermore, the asymmetric anion effect contributed slightly to the paramagnetic properties of mILs.

1. Introduction

Ionic liquids (ILs) have been extensively researched and synthesized
for various applications [1–7]. Combining cations and anions can
broaden the range of the ILs’ industrial applications [8–11]. For exam-
ple, ILs have been widely used in electrochemical devices [12], cataly-
sis [13], CO2 capture [14], and cellulose dissolution [15] using their
chemical, electrochemical, and thermal stabilities. However, there are
difficulties in selecting the desired IL from numerous cation and anion
combinations. Hence, the IL properties were predicted using a com-
puter to optimize the task-specific ILs for each application [16–19].

Hayashi and Hamaguchi discovered a magnetic ionic liquid (mIL)
[20] named 1-Butyl-3-methylimidazolium tetrachloroferrate
[C4mim][FeCl4]. [C4mim][FeCl4] was discovered to be paramagnetic
using SQUID (superconducting quantum interference device) magne-
tometry. The formations of [FeCl4]− and [FeBr4]− anions were clarified
by Raman spectroscopy and density functional theory (DFT) calcula-
tions [21–26]. In contrast to the paramagnetic [C4mim][FeCl4], the an-
tiferromagnetic [C2mim][FeCl4] had a Neel temperature (TN) of 4 K
[27,28]. The unit cell’s molecular orientational and positional orders
were determined using single crystal X-ray structure analysis [28]. Be-
sides, the magnetic ordering of deuterated-[C2mim][FeCl4] was directly
determined by neutron diffraction [29]. Magnetic Bragg reflections
were allowed for antiferromagnetic ordering along a and c axes. A mag-
netic phase transition from antiferromagnetic to ferrimagnetic ordering
was observed in [C2mim][FeCl4] [30] under high pressure. Superex-

change pathways comprehended three-dimensional ordering. Diffrac-
tion methods and magnetic susceptibility measurements determined
the crystal structure and antiferromagnetic properties of
[C1mim][FeBr4] as another mIL type [31]. [C1mim][FeBr4] had a TN of
7.7 K. Antiparallel ordering can be explained by the layered structure of
[FeBr4]−. The magnetic properties of mILs involve the symmetric an-
ions [FeCl4]− and [FeBr4]−. The asymmetric anion effect of mILs was re-
cently reported [32]. The phase behavior related to the magnetic prop-
erties of [C4mim][FeCl4-mBrm] (m = 0, 1, 2, 3, and 4) were observed us-
ing simultaneous X-ray diffraction (XRD) and differential scanning
calorimetry (DSC). The entropic effect was also discussed using the DFT
calculations.

In this study, the presence of symmetric and asymmetric anions in
the mILs was investigated by Raman spectroscopy, SQUID, and simulta-
neous XRD and DSC measurements. The formations of Br-substituted
asymmetric anions in [Cnmim]2[MnCl4-mBrm] was revealed by Raman
spectra. The cationic conformers and the presence of symmetric and
asymmetric anions had a considerable influence on the phase behaviors
of [Cnmim]2[MnCl4-mBrm] at low temperatures. Furthermore, the mILs
exhibited paramagnetic behavior and estimating the effective paramag-
netic moment (μeff) of mILs demonstrated insignificant n and m depen-
dences on it.
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2. Materials and methods

The mILs with the presence of symmetric and asymmetric anions
were produced by mixing the hydrophilic ILs, MnCl2·4H2O (Sigma-
Aldrich Co.), and MnBr2·4H2O (Mitsuwa Chemicals Co.). The ILs were
[C2mim][Cl], [C3mim][Cl], [C3mim][Br], and [C4mim][Br] (IoLiTec
Co.); [C2mim][Br] (Kanto Chemical Co.); [C4mim][Cl] (Acros Organics
Co.). [Cnmim]2[MnCl4-mBrm] (n = 2, 3, and 4; m = 0, 1, 2, 3, and 4)
were synthesized spontaneously in a dry box with helium gas flowing to
reduce atmospheric H2O. After mixing in the dry box, the residual wa-
ter in the mixtures was evaporated for a week by vacuum drying at
room temperature. According to DFT calculations [33] and experiments
[34], the [C2mim]+, [C3mim]+, and [C4mim]+ cations, respectively,
have two, three, and four observable conformers (Fig. 1). The stable
conformers of [C2mim]+ are planar (p) and nonplanar (n). While, nt, ng,
and ng' represent stable [C3mim]+ conformers, t, g, and g' represent
trans, gauche, and gauche', respectively. [C4mim]+ is a well-known con-
formational polymorph that is expressed by ntt, ngt, ng't, and ng'g' [33].
In intramolecular geometry, conformational degrees of freedom con-
tribute to conformational entropy, Sconfor [19].

Raman spectra were measured using Via Reflex (RENISHAW). With
a power of 0.35 mW, a 785 nm semiconductor laser was used as an exci-
tation source. The Raman bands of Mn-containing samples became the
most intense in the previous study [35] when the 785 nm excitation
was used. Using the 532 nm Raman excitation light, the phase changes
were not observed due to the fluorescence background.

A vertical goniometer was used to perform conventional powder
XRD at room temperature (SmartLab; Rigaku Co.). The incident X-ray
wavelength was Cu Kα (λ = 1.542 Å). A 1D detector (D/teX Ultra 250;
Rigaku Co.) with a fluorescent X-ray reduction mode reduced the Mn
fluorescent X-ray. Since the 1D detector possesses high energy resolu-
tion, the fluorescence background can be reduced by changing a win-
dow of pulse height. The background using the reduction mode de-
creased by less than 10% of the same for the normal mode. Since
[C2mim]2[MnCl4-mBrm] and [C3mim]2[MnBr4] were crystal states at
room temperature, powder diffraction patterns were collected using the
sample rotation stage at room temperature to remove the preferred ori-
entation of the Debye rings. The cell encased the sample rotation stage,
through which dry helium gas flowed to reduce air scattering and re-
move atmospheric moisture. FOX [36] and Conograph [37] were used to
analyze the crystal structures. Conograph was used to calculate the pos-
sible lattice parameters and space groups, and FOX was used to identify
the space group through global optimization.

Fig. 1. Optimized molecular structures of [Cnmim]+ by density functional the-
ory (DFT) calculations. p, n, t, g, and g' denote planar, nonplanar, trans, gauche,
and gauche', respectively.

Complex phase changes can be differentiated using simultaneous
XRD and DSC measurements. The D/teX Ultra 250 was integrated for
rapid scanning, and dry nitrogen gas flowed through the DSC attach-
ment. The temperature of the simultaneous measurements ranged be-
tween 173 K and 323 K, with cooling and heating rates of 5 K/min.

The DSC measurements at high temperatures only for
[C2mim][MnCl4-mBrm] were performed using high-sensitivity DSC
(DSC7000X, Hitachi High-Tech Co.) at a cooling/heating rate of 5 K/
min. The temperature was 200–420 K.

Magnetic properties were measured in a 100 Oe magnetic field us-
ing a SQUID magnetometer (MPMS-XL; Quantum Design). The mea-
surements were conducted over temperatures of 2–300 K. Cooling and
heating rates ranged from 1 to 10 K/min.

The optimized molecular structures of anions were evaluated using
Firefly (PC GAMESS) [38,39]. The B3LYP calculation used the 6–31G(d)
basis set and a Mn2+ atom with S = 5/2 in the system. DFT also esti-
mate the Raman bands.

3. Results and discussion

3.1. Raman bands of [Cnmim]2[MnCl4-mBrm]

Fig. 2 shows the Raman spectra of [C2mim]2[MnCl4-mBrm] (m = 0,
1, 2, 3 and 4) at room temperature (296 K). The calculated Raman
bands are represented by the vertical bars in the DFT calculations (Fig.
2). The Raman band of [C2mim]2[MnCl4] at 260 cm−1 was identified as
the Mn–Cl vibrational mode. The Raman spectrum of [C2mim]2[MnCl4]
in Fig. 2 was comparable to that of hybrid compounds containing
(Quinuclidinium)[MnCl4] [40]. Conversely, the Mn–Br stretching mode
of [C2mim]2[MnBr4] appeared at 160 cm−1 in (Fig. 2). It was found that
[MnCl4]2− and [MnBr4]2− are created in the mILs. In an earlier study
[32], DFT was used to optimize [FeCl4]− and [FeBr4]−, and the Raman
bands at 333 cm−1 and 205 cm−1 were delegated as Fe–Cl and Fe–Br
stretching vibrations, respectively. The intra-atomic distances between
Fe and Br grew longer when compared to the Fe–Cl distance [32]. In
the Raman spectra, both symmetric Fe- and Mn-based anions displayed
the same tendency.

The next step is to distinguish the asymmetric anion effect from the
symmetric one. Due to anion asymmetricity, the number of orienta-
tional relationships between cation and anion alters geometrically [32].
Configurational entropy or Sconfig is defined as intermolecular geometry
[19]. Structural entropy, ΔstrS, is provided as follows [19]:

(1)

Asymmetric [MnCl4-mBrm]2− (m = 1, 2, and 3) was classified into
two groups based on the cation–anion pairs [32]. The number of cases
of the cation–anion pairs was four (Group S4), and six (Group S6) ac-
cording to configurational entropy (Sconfig). [MnCl3Br]2− and
[MnClBr3]2− are members of Group S4, the point group of which is C3v.
In contrast, [MnCl2Br2]2− is assigned to S6 (C2v) group. Furthermore,
asymmetric anions transform into distorted tetrahedrons because the
Mn–Cl distance was shorter than the Mn − Br distance. At ∼230 cm−1,
the band splitting of asymmetric [FeCl4-mBrm]− (m = 1, 2, and 3) was
observed, with each band shifting to a lower wavenumber as the Br-
substitution increased. Here, the asymmetric anions were responsible
for the band splitting at ∼180 cm−1 (Fig. 2). As the calculated Raman
band shifted, the weak Raman band at 280 cm−1 shifted to a higher
wavenumber with the increasing m. Consequently, the similarity be-
tween the calculated and observed Raman bands suggests that asym-
metric [MnCl4-mBrm]2− existed before the formation of symmetric
[MnCl4]2− and [MnBr4]2−.

[C3mim]2[MnCl4-mBrm] and [C4mim]2[MnCl4-mBrm] Raman bands
are presented in Figs. S1 and S2, respectively. The anions’ Br substitu-
tion effect was also observed in both systems. Therefore, the formation
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Fig. 2. Raman spectra of [C2mim]2[MnCl4-mBr4]. The vertical bars show the
evaluated Raman bands.

of [MnCl4-mBrm]2− was not hindered because of the cation alkyl chain
length.

3.2. Crystal structures of magnetic ionic liquids

The crystal structure of [C1mim][FeBr4] was determined previously
[31], and the space group was discovered to be P21. The density (ρ) was
calculated to be 2.395 g/cm3. When compared to conventional ILs, the
densities of the mILs were found to be higher. At room temperature,
[C2mim]2[MnCl4-mBrm] and [C3mim]2[MnBr4] were crystallized. Conse-
quently, the crystal structures of the aforementioned mILs were deter-
mined at room temperature using conventional powder diffraction with
a sample rotation stage. Molecular orientational and positional orders
in the unit cell are important in interpreting the crystal polymorph. Fur-
thermore, the cationic conformers aided in the formation of crystal
polymorphs at low temperatures [41–46] and high pressures [47–51].

Fig. 3 depicts XRD patterns of [C2mim]2[MnCl4-mBrm] at room tem-
perature. The Bragg reflection represents the long lattice constants at
low scattering angles. XRD pattern of [C2mim]2[MnClBr3] was similar
to that of [C2mim]2[MnBr4]. Crystallographic parameters were ob-

tained through structure analysis (Table 1). The calculated densities in-
creased proportionally to the Br substitutions, while the β angles de-
creased. [C2mim]2[MnCl4] was discovered to be C2 (Table 1). How-
ever, the crystal structure of [C2mim]2[MnBr4] was determined to be
P21 with a smaller unit cell than [C2mim]2[MnCl4]. Despite the sym-
metric anions, each crystal structure was unique. This means halogen
types considerably altered the molecular interaction between cation
and anion. Furthermore, from the space groups of
[C2mim]2[MnCl4-mBrm] (Table 1), the crystal structures were divided
into two groups: (i) m = 0, 1, and 2 have non-screw symmetry, and (ii)
m = 3 and 4 possess screw symmetry. The crystal structures of the
mILs were unaffected by a single substitution for the anions. In con-
trast, the crystal structure of [C2mim]2[MnCl2Br2] did not coincide
with the crystal groups of [C2mim]2[MnCl4] and [C2mim]2[MnBr4]
(Table 1). [MnCl2Br2]2− causes entirely different molecular interactions
between the cation and anion in the crystal state in asymmetric anions.
Therefore, [MnCl2Br2]2− is considered a novel type of an anion.

The atomic scattering factor for X-ray depends on the number of
electrons (the atomic number). Therefore, heavy atoms such as 17Cl,
25Mn and 35Br are enhanced, although cations containing light atoms
such as 6C, 1H, and 7N are X-ray insensitive. Cationic conformations
were not thoroughly determined. Fig. S3 depicts networks of tetrahe-
dral anion in the unit cells of [C2mim][MnCl4-mBrm]. The tetrahedral
orientational disorders explain large lattice constants. In the crystal
state, the substituted Br of [MnCl3Br]2− had no orientational order.
Note that the two-dimensional ordering of [MnCl4-mBrm]2− did not oc-
cur in the unit cells (Fig. S3). This means that the
[C2mim]2[[MnCl4-mBrm] system cannot support intraplane interactions
like [C1mmim][FeBr4] [31].

At room temperature, [C3mim]2[MnBr4] was in a crystal state. Fig.
S4 depicts the observed and calculated XRD patterns. The crystal struc-
ture that was determined is shown in Table 1. [C3mim]2[MnBr4] has
larger lattice constants and a lower density than [C2mim]2[MnBr4]
(Table 1). The alkyl chain length can tune the intermolecular distances
among the [MnCl4-mBrm]2− anions.

3.3. X-ray diffraction and differential scanning calorimetry (DSC) of
[C3mim]2[MnBr4]

Despite the symmetric anion, complicated and irreversible phase be-
havior of [C3mim]2[MnBr4] was observed at low temperatures using si-
multaneous XRD diffraction and DSC measurements (Fig. 4). Following
cooling and heating, entirely distinct crystal polymorphs emerged. In
terms of cooling, crystallization occurred at 307 K (TC1), accompanied
by new Bragg reflections and an exothermal peak. This crystal is known
as the α phase. The XRD pattern in Fig. 4 differs from that obtained at
296 K (Fig. S4), and it was obtained using the sample rotation stage to
minimize the preferred orientation. Because of the high atomic scatter-
ing factor for X-rays, only Mn and Br atoms were enhanced in Cu Kα ra-
diation. The anion − anion correlation produced strong Bragg reflec-
tions. At 288 K (TC2), a crystal-crystal (α-β) phase transition was ob-
served after further cooling. Furthermore, weak Bragg reflections, rep-
resented by green open circles in Fig. 4, appeared during the β phase.
Cooling at 225 K induced another crystal-crystal (β-γ) phase transition
(TC3). Besides, new Bragg reflections differentiate the γ phase (the blue
open circles in Fig. 4). The crystal polymorph of the α- β-γ phases upon
cooling implies that anions’ simple Br substitution enforces a phase va-
riety.

Fig. 4 shows the irreversible crystal polymorph after heating.
Firstly, the endothermal peak was observed with additional Bragg re-
flections at 251 K (TC4). The new phase is called the δ phase. Since
strong Bragg reflections above and below TC4 were nearly identical, the
Br positional and orientational orders did not change at TC4. Despite
the heating process, a low-symmetry crystal with an endothermal peak
appeared at TC4. This result contradicts the expected phase transition.
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Fig. 3. X-ray diffraction patterns at room temperature of [C2mim]2[MnCl4-mBr4] and [C3mim]2[MnBr4].

Secondly, at 266 K (TC5), a drastic phase transition (δ-ε phase transi-
tion) was observed with the disappearance of the strong Bragg reflec-
tions (Fig. 4). The absence of strong Bragg reflections indicated that
the anion orientations became disordered in the unit cell. The ε phase
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Table 1
Crystallographic data for [C2mim]2[MnCl4-mBr4] and [C3mim]2[MnBr4].
m Space group a (nm) b (nm) c (nm) α (°) β (°) γ (°) Z ρ (g/cm3) R (%) Rw (%)

0 C2 1.9754 2.0136 1.4103 90 134.37 90 12 2.082 10.6 11.6
1 C2 1.9904 2.0284 1.4203 90 134.43 90 12 2.255 7.9 12.1
2 C2 2.4752 1.4479 1.4489 90 125.80 90 12 2.403 6.0 10.0
3 P21 1.3872 1.0240 1.4749 90 94.142 90 6 2.633 6.6 8.4
4 P21 1.3937 1.0300 1.4839 90 94.342 90 6 2.799 9.0 9.1

Fig. 4. X-ray diffraction and DSC of [C3mim]2[MnBr4].

was characterized by only a cationic order. Finally, at 332 K (Tm), the ε
phase melted. It is emphasized here that the crystal polymorphs of
[C3mim]2[MnBr4] are highly unusual. This is because, in the conven-
tional ILs, some phases during heating coincided with those during
cooling at low temperatures [41–45].

3.4. Differential scanning calorimetry (DSC) thermal traces of
[Cnmim]2[MnCl4-mBrm]

DSC detected low-temperature phase transitions of
[C2mim]2[MnCl4-mBrm] (Fig. 5). [C2mim]2[MnCl4] showed simple crys-
tallization (TC = 314 K) and melting (Tm = 355 K). Despite the simple
molecular system, hysteresis was significant. The high Tm indicates a
strong molecular interaction between the cation and anion. One Br was
substituted to clarify the asymmetric anion effect of the anions. Cooling
in [C2mim]2[MnCl3Br] induced the crystal polymorph. The distinct
exothermal peaks determined TC1 (316 K), TC2 (301 K), and TC3 (297 K)
(Fig. 5). [C2mim]2[MnCl3Br] melted at 343 K (Tm), which was less than
the Tm of [C2mim]2[MnCl4]. Conversely, [C2mim]2[MnCl2Br2] phase
transitions were represented by simple crystallization upon cooling and
crystal polymorph upon heating. Furthermore, the Tm of
[C2mim]2[MnCl2Br2] was reduced by two Br substitutions. A similar
phase behavior was obtained in the m = 3 and m = 4 system, (Fig. 5).
Although the phase transition temperatures differed, simple crystalliza-
tion (TC1) upon cooling, crystallization (TC2), and melting (Tm) upon
heating were all classified as the same group of phase transitions. Tm of
[C2mim]2[MnCl4-mBrm] was found to be dependent on the configura-
tional entropy, ΔconfigS, of the asymmetric anions. ΔconfigS of Group S4
and Group S6 are 11.5 and 14.9 [J/(K·mol)], respectively. The largest
ΔconfigS of Group S6 explained the lowest Tm of [C2mim]2[MnCl2Br2]. To

calculate the absolute entropy (S), we must first calculate the kinetic
entropy, ΔkinS [19]. Fusion entropy, ΔfusS, is given as follows [19]:

(2)

However, in this study, the melting points are qualitatively esti-
mated only by ΔstrS in Eq. (1).

Using XRD and DSC simultaneously, the phase behavior of
[C3mim]2[MnCl4-mBrm] was investigated to clarify the alkyl chain
length effect of cations. The crystallization was caused by symmetric
[MnCl4]2− upon cooling and melting upon heating (Fig. 6). When
[C3mim]2[MnCl3Br] was cooled, it did not crystallize (Fig. 6). Glass
transition (Tg = 222 K) and cold crystallization (TCC = 259 K) fol-
lowed heating. Moreover, the glass transition upon cooling and cold
crystallization upon heating of [C3mim]2[MnCl2Br2] were observed.
The glass transitions of [C3mim]2[MnCl3Br] and [C3mim]2[MnCl2Br2]
are derived from the larger ΔconfS of three stable [C3mim]+ conformers
(Fig. 1) and the anions’ configurational entropy (ΔconfigS). When
[C3mim]2[MnClBr3] was cooled, crystallization (TC1) was observed.
Furthermore, TC2 and Tm were determined after heating. The degrees of
cation − anion coupling could differ between [C3mim]2[MnCl3Br] and
[C3mim]2[MnClBr3]. As previously stated (Fig. 4), [C3mim]2[MnBr4] is
segregated based on irreversible crystal polymorphs. Tm of a series of
[C3mim]2[MnCl4-mBrm] was also affected by anions’ ΔconfigS. Because of
the largest ΔconfigS, [C3mim]2[MnCl2Br2] had the lowest Tm.

[C4mim]+ has four stable conformers (Fig. 1) [33]. A previous study
[52] discovered that grass transition or crystallization in [C4mim][X]
was dependent on the [X]− type of anion. Since Cl−, Br−, I−, [BF4]− and
[PF6]– have no contribution to conformational entropy, crystallizations
in [C4mim][X] with symmetric anions were alternated. However, a
glass transition occurred in [C4mim]2[MnCl4] with a symmetric anion
(Fig. 7). We conclude that the kinetic effect of [MnBr4]2− was not in-
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Fig. 5. DSC thermal traces of [C2mim]2[MnCl4-mBrm].

significant in the unit cell, and ΔfusS in Eq. (2) increased. Furthermore,
the glass transition was indicated by [C4mim]2[MnCl4-mBrm] (m = 1, 2,
and 3) with asymmetric anions. Consequently, crystallization or cold
crystallization was suppressed below m = 3. Cold crystallization was
observed only after heating [C4mim]2[MnBr4] (Fig. 7). It could be
aided by the relatively small ΔkinS of [MnCl4]2−. The various frequency
behaviors of symmetric anions in [C4mim]2[MnCl4] and
[C4mim]2[MnBr4] reflect the different contributions of ΔkinS, which are
derived from the mass effect of the anions.

3.5. Magnetic properties of mILs

SQUID determined the magnetic properties of mILs between 2 and
300 K. The temperature dependence of the inverse magnetic suscepti-
bility (χm−1) of [C2mim]2[MnCl4-mBrm] (m = 0, 1, 2, 3, and 4) is shown
in Fig. 8. Here, χm is the field-cooled molar susceptibility, and χm−1 is

Fig. 6. DSC thermal traces of [C3mim]2[MnCl4-mBrm].

the zero-field-cooled one. For [C2mim]2[MnCl4-mBrm] (m = 0, 1, 2, 3,
and 4), the Currie − Weiss law follows a linear relationship on the tem-
perature scale in the χm−1–T plot (Fig. 8). A slight asymmetric anion ef-
fect of the anions indicated the paramagnetic property of all mILs. For
example, the effective paramagnetic moment (μeff) of [C2mim]2[MnCl4]
was calculated to be 5.40 μB, which is comparable to S = 5/2 spin’s
5.92 μB. The μeff values of [C2mim]2[MnCl4-mBrm] increased as m in-
creased. The μeff values are m-dependent, suggesting that the Br substi-
tution to the anions contributed to the intramolecular distances of the
anions rather than the μeff values. The paramagnetic behavior could not
conflict with the orientational disorders of the tetrahedral anions (Fig.
S3). Even large unit cells with the orientational disorder could not in-
duce long-range ferro or antiferro magnetic orders.

The magnetic properties of the [FeCl4]−-base system were drasti-
cally altered by the alkyl chain length of [Cnmim]+. For example,
[C2mim][FeCl4] [27] and [C4mim][FeCl4] [20] showed antiferromag-
netic and paramagnetic behavior, respectively. [Cnmim]2[MnBr4]
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Fig. 7. DSC thermal traces of [C4mim]2[MnCl4-mBrm].

(n = 2, 3 and 4) contrastingly belonged to the same paramagnetic
property as shown in Fig. S5. The μeff values decreased proportionally to
the length of the alkyl chain. Consequently, long-range magnetic order
did not emerge in [Cnmim]2[MnCl4-mBrm].

4. Conclusion

The simultaneous XRD and DSC measurements were used to deter-
mine the low-temperature phase behaviors of [Cnmim]2[MnCl4-mBrm]
(n = 2, 3, and 4; m = 0, 1, 2, 3, and 4). At low temperatures, compli-
cated and irreversible crystal polymorphs appeared in [C3mim][MnBr4]
with a symmetric anion. In the melting points of the mILs, conforma-
tional and configurational entropy effects were observed. Glass transi-
tion, crystallization, cold crystallization, and melting point were all
governed by cation conformers and asymmetric anions. The Mn-based
anions have a paramagnetic property. The orientational disorders of

Fig. 8. Temperature dependency of χm−1 for [C2mim]2[MnCl4-mBrm] under 100
Oe.

tetrahedral anions in the unit cells resulted in a lack of magnetic long-
range order.
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