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A B S T R A C T   

We have recently been investigating the phase behavior of salts of cationic sandwich complexes in pursuit of 
novel ionic plastic crystals (IPCs). In this study, we synthesized salts containing sandwich complexes [Ru(Cp) 
(C6H6)]X ([1]X; X = CPFSA− (1,1,2,2,3,3-hexafluoropropane-1,3-disulfonimide), SbCl6− ) and half-sandwich 
complexes [Ru(Cp)(DMSO)3]X ([2]X; X = CPFSA− , FSA− ((FSO2)2N− ), PF6

− ). In addition, we examined their 
thermal properties and crystal structures. Among them, [1]CPFSA exhibited an IPC phase between 365 and 630 
K, whereas the others did not undergo phase transitions at 123–403 K. The cations and anions were alternately 
arranged in the crystals of [1]X, whereas [2]X did not exhibit the alternating arrangement except for [2]PF6. The 
results showed that alternating molecular arrangements are crucial for the IPC formation, although low sym
metry of the ion environment and intermolecular steric hindrance may inhibit it.   

1. Introduction 

Ionic plastic crystals (IPCs) have recently been intensively studied for 
their application in solid electrolytes [1]. An IPC phase is a solid–liquid 
intermediate phase characterized by nearly globular molecules, where 
the molecular center of gravity is ordered but the molecular orientation 
is disordered, thereby allowing for isotropic molecular rotation. Exten
sive research has been conducted on the ionic conductivity, dielectric 
properties, and thermal properties of IPCs [1–15]. Most salts with an IPC 
phase are quaternary ammonium salts. However, the salts of sandwich 
complexes, such as those derived from ferrocene, exhibit an IPC phase 
because of the globular shape of their molecules, although their phase 
transition temperatures into the IPC phase are typically higher than 
room temperature [16–18]. To investigate organometallic IPCs, we 
studied the phase behaviors of salts containing cationic sandwich com
plexes to determine the correlation between the molecular shape, vol
ume, and phase transition temperature [19–26]. We observed that the 
transition temperature of [Fe(C5Me5)2]X (X = anion) tended to decrease 
with an increase in anion volume [25], whereas the opposite was the 
case for [Ru(Cp)(C6H6)]X ([1]X; Cp = C5H5) [19]. In salts exhibiting an 
IPC phase, the cations and anions are alternately arranged in the ordered 
phase; however, salts lacking this alternating structure generally do not 
exhibit an IPC phase [19,22,23,25,26]. 

This study aimed to investigate IPC phases in sandwich and half- 
sandwich complexes to determine the structural requirements for 
IPCs. While half-sandwich complexes are another category of useful 
organometallic complexes, their IPC phases remain unexplored. Two 
salts of cationic sandwich Ru complexes ([1]X; X = CPFSA− , SbCl6− ; 
Fig. 1a) were synthesized in this study. Previous reports have indicated 
that [1]PF6 and [1]FSA (FSA− = (FSO2)2N− ) exhibit an IPC phase [26, 
27]. In addition, the salts of a dimethyl sulfoxide (DMSO)-coordinated 
half-sandwich CpRu complex with the same anion ([2]X; X = CPFSA− , 
FSA− , PF6

− ) were synthesized, although the salt with SbCl6− was not 
obtained. Differential scanning calorimetry (DSC), 
thermogravimetry-differential thermal analysis (TG-DTA), and crystal 
structure analysis were performed. Fig. 1b summarizes the cation–anion 
arrangements and IPC formation found in [1]X and [2]X, including 
those reported for [1]PF6 and [1]FSA; the half-sandwich complexes [2] 
X did not exhibit an IPC phase. Following these results, the effects of 
molecular and crystal structures on IPC formation are discussed. 

2. Results and discussion 

2.1. Preparation and phase behavior 

[1]CPFSA and [1]SbCl6 were synthesized through anion exchange of 
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[1]Cl and the reaction of [1]Cl with SbCl5, respectively (74% and 78% 
yield). [2]PF6 was synthesized by reacting [Ru(Cp)(CH3CN)3]PF6 with 
DMSO (70% yield). [2]X (X = CPFSA− , FSA− ) were obtained by UV 
irradiation of a DMSO solution of [1]X (43% and 58% yield). These salts 
were colorless to pale-yellow solids. [2]SbCl6 could not be obtained 
using the same method, as the photoirradiation of [1]SbCl6 produced 
decomposition products. 

DSC measurements were conducted for [1]X (X = CPFSA− , SbCl6− ) 
and [2]X (X = CPFSA− , FSA− , PF6

− ). [1]CPFSA underwent a phase 
transition to an IPC phase, whereas the other salts did not undergo any 
phase transitions at 123–403 K. The phase transition of [1]CPFSA from 
the low-temperature phase into an IPC phase occurred at 364.8 K (ΔH =
14.9 kJ mol− 1, ΔS = 43.5 J mol− 1 K− 1), and the DSC trace is shown in 
Fig. S1. The IPC phase was confirmed by the loss of birefringence 
observed via polarized optical microscopy (Fig. S2) and powder X-ray 
diffraction (PXRD). Fig. 2 shows the PXRD patterns of [1]CPFSA at 293 
K (low-temperature phase) and 383 K (IPC phase); the latter phase 

demonstrated a CsCl-type structure with a strong 110 peak. The high- 
symmetry structure is characteristic of IPCs [15]. The radius ratio (ρ =
r− /r+) of [1]CPFSA is 0.95. Therefore, the structure aligns with the 
radius ratio rule, which predicts a CsCl-type structure for ionic crystals 
with ρ > 0.73 [28]. The lattice constant determined from the PXRD 
pattern (7.976(9) Å) corresponded to that estimated from the molecular 
volume (8.20 Å). 

Table 1 lists the phase transition temperatures to the IPC phase (Tc) 
of [1]X (X = CPFSA− , FSA− [26], and PF6

− [27]). Despite its larger anion 
volume, the transition temperature of [1]CPFSA is approximately 30 K 
higher than that of [1]PF6 (Tc = 332.4 K [27]), whereas [1]FSA exhibits 
a considerably higher transition temperature (Tc = 455.8 K [26]). These 
tendencies are likely correlated with the local symmetry of the ion 
environment and intermolecular steric hindrance, as discussed below. 

2.2. Thermal decomposition behavior 

The thermal decomposition behavior of the synthesized salts was 
investigated by TG-DTA in a nitrogen atmosphere at a sweep rate of 3 K 
min− 1 (Fig. 3). [1]CPFSA decomposed at a high temperature, whereas 
the other salts decomposed at lower temperatures upon melting. 

The decomposition temperatures (Tdec, − 3% mass loss temperature) 
of [1]CPFSA and [1]SbCl6 were 630 and 495 K, respectively. The 
decomposition temperature of the former was comparable to those of 
other CpRu complexes (e.g., [1]PF6: Tdec = 630 K [27]). Therefore, this 
salt exhibits an IPC phase over a wide temperature range from 365 K to 
above 600 K. The decomposition temperature of [1]SbCl6 was consid
erably low, probably owing to the decomposition occurring upon 
melting, which might have induced the reaction of the anion. In the DTA 
curve of [1]SbCl6, an endothermic melting peak was observed at 503 K 
near the decomposition temperature (Fig. S3). 

The decomposition temperatures of [2]X (X = CPFSA− , FSA− , PF6
− ) 

were 431, 438, and 464 K, respectively, which were below 500 K owing 
to the loss of DMSO ligands in the cation. Although half-sandwich 
complexes are often reactive and thermally unstable, the results show 
that the DMSO-coordinated CpRu complex is thermally stable. The 
decomposition of these salts begins upon melting, as observed visually 
and by DTA (Fig. S3). The decomposition of [2]CPFSA and [2]FSA 
occurred stepwise; the mass loss in the first step corresponded to the loss 
of one DMSO ligand in each case. For [2]CPFSA, the mass loss at 
430–460 K (− 7 wt%) corresponded to the loss of one DMSO ligand 
(calculated loss: − 11 wt%), and the mass loss within 460–530 K (− 27 wt 
%) corresponded to the loss of the remaining two DMSO ligands 
(calculated loss: − 23 wt%). For [2]FSA, the mass loss at 430–460 K (− 14 
wt%) corresponded to the loss of one DMSO ligand (calculated loss: − 14 
wt%), and the mass loss within 460–580 K (− 53 wt%) corresponded to 
the loss of the remaining DMSO ligands and the Cp rings (calculated loss: 
− 52 wt%). Although these salts underwent gradual decomposition 
above the melting point, [2]PF6 decomposed upon melting at a higher 
temperature. This resulted in a one-step mass loss at 460–540 K (− 51 wt 
%), corresponding to the loss of three DMSO ligands and a Cp ring 
(calculated loss: − 53 wt%). 

2.3. Molecular arrangements at low temperature 

To determine the correlation between structure and IPC formation, 
X-ray structural analyses of [1]X (X = CPFSA− , SbCl6− ) and [2]X (X =
CPFSA− , FSA− , PF6

− ) were performed at 90 K. Details are discussed in the 
next section. Table 1 includes radius ratios calculated from the molec
ular volume, structural classification, and coordination number (CN), 
defined as the number of anions surrounding the cation [29]. 

The anion arrangements around the cations in [1]X and [2]X, as 
determined from the X-ray structures, are displayed in Fig. 4, where only 
the centers of the cations and anions are shown. [1]X and [2]PF6 
exhibited alternating cation–anion arrangements in their crystals 
(Fig. 4a), whereas [2]CPFSA and [2]FSA exhibited nonalternating 

Fig. 1. (a) Structures of the cations and anions used in this study. The molec
ular volumes estimated by DFT calculations are shown for each molecule. (b) 
Cation–anion arrangements and IPC formation in [1]X and [2]X. 

Fig. 2. PXRD patterns of [1]CPFSA at 293 K (low-temperature phase) and 383 
K (IPC phase) (MoKα). 
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structures with partial contacts between the cations (Fig. 4b). The CNs of 
the salts with the alternating cation–anion arrangement, as determined 
by the structure analysis, aligned with the radius ratio rule (CN = 8 and 
6 for ρ > 0.73 and ρ < 0.73, respectively; Table 1). 

To discuss the effect of the symmetry of the ion environments in 
these salts, we listed the distances (r) between the centers of the cation 
and the surrounding anions, their average values (rav), and their stan
dard deviations (Δr = [

∑
(r–rav)2/CN]1/2) in Table 1. The Δr values for 

[1]FSA, [1]CPFSA, and [1]PF6 were 0.78, 0.57, and 0.37–0.11, 
respectively, showing a decreasing trend. In addition, their phase tran
sition temperatures (Tc) decreased in the same order: 455.8 K [26], 
364.8 K, and 332.4 K [27], respectively. The correlation appears 
reasonable; a smaller Δr indicates a uniform arrangement of anions 
around the cation, which likely facilitates a transition to the IPC phase at 
lower temperatures due to structural similarities. The average cati
on–anion distances (rav) changed according to the size of the anion and 
cation, but the transition temperatures (Tc) did not correlate with rav or 
the nearest cation–anion distances in these salts. The Δr values for [1] 
SbCl6 and [2]PF6, which did not exhibit the IPC phase, were relatively 
high (0.78 and 0.73–0.64, respectively). However, their values 

remained lower than those of [1]FSA, suggesting that their local struc
tures, causing intermolecular steric hindrance, are also significant in 
inhibiting the IPC phase, as discussed below. 

2.4. Crystal structures of each salt at low temperature 

The individual X-ray structures of [1]X (X = CPFSA− , SbCl6− ) and [2] 
X (X = CPFSA− , FSA− , PF6

− ) at 90 K are discussed in this section. All 
DMSO ligands in [2]X exhibited S-coordination structures, as observed 
in other DMSO-coordinated CpRu complexes [30–32]. 

Fig. 5a shows the crystal structure of [1]CPFSA. This salt crystallized 
in space group P21/c (Z = 4); its CN was 8. A pair of a cation and an 
anion was crystallographically independent, forming an ionic pair 
(Ru⋅⋅⋅N = 4.602(2) Å), as observed in cobaltocenium salts with CPFSA−

and other anions [22]. The CPFSA anion exhibited a chair conformation. 
Fig. 5b shows the crystal structure of [1]SbCl6. This salt crystallized 

in space group P21/n (Z = 4), exhibiting an alternating cation–anion 
arrangement with a CN of 8. One cation and two anions (anions I and II) 

Table 1 
Phase transition temperatures to the IPC phase (Tc), thermal decomposition temperatures (Tdec), radius ratios (ρ), molecular arrangements, coordination numbers 
(CN), cation–anion distances (r), average values of r (rav), and standard deviations of r (Δr) for [1]X and [2]X.   

Tc (K) Tdec (K) ρc structure CN r (Å) rav (Å) Δr 

[1]CPFSA 364.8 630 0.95 alternating 8 5.90–7.41 6.70 0.57 
[1]FSAa 455.8 570 0.81 alternating 8 5.47–7.38 6.32 0.86 
[1]PF6

b 332.4 630 0.74 alternating 8 5.84–6.21e 5.30–6.25f 6.05e 5.82f 0.11e 0.37f 

[1]SbCl6 –d 495 0.92 alternating 8 5.81–7.61 6.45 0.78 
[2]CPFSA –d 431 0.80 nonalternating     
[2]FSA –d 438 0.68 nonalternating     
[2]PF6 –d 464 0.62 alternating 6 5.68–7.58e 5.62–7.38f 6.64e, 6.54f 0.73e, 0.64f  

a Ref. [26]. 
b Ref. [27]. 
c Calculated from molecular radii estimated via DFT calculations. 
d IPC phase was not observed. 
e Cation I. 
f Cation II. 

Fig. 3. Thermogravimetric traces of [1]X and [2]X (3 K min− 1, nitro
gen atmosphere). 

Fig. 4. Anion arrangements around cations in (a) salts with alternating cati
on–anion arrangements ([1]CPFSA, [1]FSA [26], [1]PF6 [27], [1]SbCl6, and 
[2]PF6) and (b) those with nonalternating arrangements ([2]CPFSA and [2] 
FSA) at 90 K. The centers of the cations and anions are represented as spheres. 
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were crystallographically independent. Both anions exhibited uniaxial 
threefold rotational disorder (occupancy 0.210(3):0.340(3):0.450(3) 
and 0.175(3):0.293(3):0.532(3)), with the two axial Cl atoms fitting into 
the cavity between the cations, thereby enabling uniaxial rotation. 
Although the packing structure of [1]SbCl6 was similar to that of [1]PF6 
(space group Pna21, CN 8 [27]), it did not exhibit an IPC phase. This is 
probably owing to the local anion–cation interlocked structure, which 
prevents isotropic rotation of the constituent molecules. 

Fig. 5c and 5d show the crystal structures of [2]CPFSA and [2]FSA, 
respectively. Both salts crystallized in space group P1. The cations and 
anions in these salts did not exhibit an alternating arrangement, with the 
cations being adjacent and exhibiting an interlocked structure. This 
structure, which is due to the asymmetric cation structure, is probably 
responsible for the absence of an IPC phase. [2]CPFSA contained four 
crystallographically independent cations and anions, each practically 
exhibiting the same structure (Z = 8), and the CPFSA anion exhibited a 
chair conformation. [2]FSA contained two crystallographically inde
pendent cations and anions (Z = 4), and the structures of the cations 
were practically identical. However, anions I and II exhibited transoid 
and cisoid conformations, respectively, where transoid denotes that the 
two F atoms are on opposite sides and cisoid denotes that they are on the 
same side relative to the plane defined by the S–N–S bonds [33]. Similar 
to [1]CPFSA, the adjacent cations and anions formed ion pairs in both 
salts ([2]CPFSA, Ru⋅⋅⋅N = 4.726–4.982 Å; [2]FSA, Ru⋅⋅⋅N = 5.126–5.381 

Å). 
Fig. 5e shows the crystal structure of [2]PF6. Contrary to [2]CPFSA 

and [2]FSA, this salt exhibited an alternating arrangement of cations 
and anions (Z = 4) with a CN of 6. The structure contained two crys
tallographically independent cations and anions. Cation II was ordered, 
whereas cation I was extensively disordered, with twofold disorders of 
the CpRu moiety (occupancy 0.561(7):0.439(7)) and DMSO ligands 
(occupancy 0.789(3):0.211(3), 0.768(3):0.232(3), 0.554(17):0.446 
(17)). Both anions exhibited rotational disorder over two sites (occu
pancy 0.685(6):0.315(6), and 0.659(7):0.341(7)). The absence of the 
IPC phase in [2]PF6, despite its alternating arrangement structure, is 
probably attributed to its local structure. The cations were in contact 
with each other due to the small anion, resulting in a cation–cation and 
cation–anion interlocked structure, which likely prevents molecular 
rotation. The extensive disorder observed in this salt is intriguing, sug
gesting that a dynamic phase might be induced through the choice of 
ligands in half-sandwich complexes. However, the current salt did not 
undergo a phase transition to a rotational phase or an IPC phase, even at 
high temperatures. 

3. Conclusion 

We synthesized several salts containing cationic sandwich or half- 
sandwich CpRu complexes and investigated their molecular arrange
ments and IPC formation. The results suggest that the symmetry of ionic 

Fig. 5. Crystal structures of (a) [1]CPFSA, (b) [1]SbCl6, (c) [2]CPFSA, (d) [2]FSA, and (e) [2]PF6 at 90 K. Only one or two crystallographically independent 
molecules are shown in the form of ORTEP drawings for each compound. Hydrogen atoms are omitted, and lower occupancy portions of the disordered moieties are 
indicated by white spheres. 
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environments and the local structural features is essential for IPC for
mation. Alternating molecular arrangements are crucial for the IPC 
formation, and deviations from the ideal isotropic cation–anion 
arrangement tend to increase the transition temperature. [1]SbCl6 and 
[2]PF6 did not exhibit an IPC phase despite their alternating cati
on–anion arrangement, due to steric hindrance from interlocked mo
lecular arrangements. [2]CPFSA and [2]FSA exhibited nonalternating 
cation–anion arrangements, leading to the absence of an IPC phase. 
These results indicate that half-sandwich complexes are less likely to 
form IPCs due to their less symmetrical and spherical structures 
compared to sandwich complexes. The extensive cation disorder 
observed in [2]PF6 is intriguing, though this salt did not undergo a phase 
transition to a rotational or an IPC phase. IPCs containing half-sandwich 
complexes remain undiscovered; therefore, our laboratory is working on 
using various cations to achieve this and broaden IPC applications. 

4. Experimental 

4.1. General 

[1]PF6 and [1]Cl were synthesized according to the literature [26, 
27]. Other reagents were purchased from TCI or Sigma-Aldrich. UV 
photoirradiation was performed using a Hamamatsu LC-L1V3 Light
ningcure UV–LED lamp (365 nm, 650 mW cm− 2). 1H NMR spectra were 
recorded using a Bruker Avance 400 spectrometer. FT-IR spectra were 
recorded using a Thermo Scientific Nicolet iS5 FT-IR spectrometer 
equipped with an attenuated total reflectance attachment (diamond). 
DSC was performed using a TA Instruments Q100 at a sweep rate of 10 K 
min− 1. The samples were placed in aluminum hermetic pans. A Japan 
High-Tech 10,013 L cooling and heating stage was used for variable 
temperature microscopic observations. TG measurements were per
formed using a Rigaku TG8120 at a rate of 3 K min− 1 under nitrogen 
atmosphere. PXRD patterns were recorded using a Bruker APEX II Ultra 
diffractometer (X-ray source: MoKα). The lattice constants of [1]CPFSA 
at 383 K (IPC phase) were determined using Rigaku PDXL software [34]. 
DFT calculations were performed using Spartan’20 (Wavefunction Inc.) 
at the ωB97-D/LanL2DZ level. The molecular radii were estimated from 
their van der Waals volumes, assuming that the spheres had the same 
volume as the molecules. 

4.2. Synthesis 

4.2.1. [1]CPFSA 
An aqueous solution (3 mL) of Li[CPFSA] (108 mg, 0.36 mmol) was 

mixed with a methanol solution (2 mL) of [1]Cl (68 mg, 0.24 mmol) and 
stirred for 10 min. The solution was concentrated under reduced pres
sure and extracted five times using dichloromethane. The organic layer 
was washed with water and dried over anhydrous magnesium sulfate. 
The product was reprecipitated by adding diethyl ether to an acetone 
solution of the product and storing it at − 40 ◦C, resulting in a white solid 
(103 mg, 74% yield). 1H NMR (400 MHz, CDCl3): δ = 5.46 (s, 5H, Cp- 
H5), 6.20 (s, 6H, Ar-H6). FT-IR (cm–1): 600, 647, 674, 797, 832, 905, 
994, 1036, 1090, 1144, 1221, 1260, 1283, 1337, 1352, 1418, 1445, 
3111. Anal. Calcd. for C14H11F6NO4S2Ru: C, 31.35; H, 2.07; N, 2.61. 
Found: C, 31.28; H, 1.74; N, 2.52. 

4.2.2. [1]SbCl6 
A solution of SbCl5 (109 mg, 0.36 mmol) in dichloromethane (15 mL) 

was added to [1]Cl (72 mg, 0.26 mmol) and stirred for 1 h in an argon 
atmosphere. The supernatant was removed, and the precipitate was 
washed thrice with dichloromethane. The product was collected by 
filtration and recrystallized from acetone–diethyl ether (− 40 ◦C) to 
afford the desired product as pale-yellow crystals (116 mg, 78% yield). 
1H NMR (400 MHz, CD3CN): δ = 5.37 (s, 5H, Cp-H5), 6.12 (s, 6H, Ar-H6). 
FT-IR (cm–1): 828, 855, 1001, 1005, 1109, 1151, 1414, 1441, 3084, 
3111. Anal. Calcd. for C11H11Cl6RuSb: C, 22.83; H, 1.92; N, 0.00. Found: 

C, 22.72; H, 1.43; N, 0.06. 

4.2.3. [2]X (X = CPFSA, FSA) 
A solution of [1]CPFSA (27 mg, 0.05 mmol) in DMSO (0.3 mL) was 

irradiated with UV light (365 nm, LED) for 29 h at ambient temperature 
in a nitrogen atmosphere. The solvent was evaporated and dried under 
vacuum at 80 ◦C. The product was reprecipitated by adding diethyl ether 
to an acetone solution of the product and stored at − 40 ◦C, and the 
procedure was repeated thrice to afford the desired product as a pale- 
yellow solid (15 mg, 43% yield). 1H NMR (400 MHz, CDCl3): δ = 3.54 
(s, 18H, S(CH3)2), 5.33 (s, 5H, Cp-H5). FT-IR (cm–1): 573, 604, 677, 712, 
797, 847, 905, 997, 1017, 1028, 1090, 1121, 1152, 1221, 1283, 1352, 
1418, 2926, 3011, 3103. Anal. Calcd. for C14H23F6NO7RuS5: C, 24.28; 
H, 3.35; N, 2.02. Found: C, 24.35; H, 3.41; N, 1.96. 

[2]FSA was synthesized via the same method using [1]FSA (pale- 
yellow solid, 58% yield). 1H NMR (400 MHz, CDCl3): δ = 3.54 (s, 18H, S 
(CH3)2), 5.34 (s, 5H, Cp-H5). FT-IR (cm–1): 569, 631, 681, 716, 832, 967, 
1021, 1082, 1179, 1190, 1379, 2926, 3011, 3119. Anal. Calcd. for: 
C11H23F2NO7RuS5: C, 22.75, H, 3.99, N, 2.41. Found: C, 23.08, H, 3.91, 
N, 2.40. 

4.2.4. [2]PF6 
A solution of [Ru(Cp)(CH3CN)3]PF6 (29 mg, 0.07 mmol) in DMSO 

(0.5 mL) was stirred for 16 h at 40 ◦C in a nitrogen atmosphere, and the 
solvent was removed under vacuum at 80 ◦C for 3 h. The reprecipitation 
of the product from acetone–diethyl ether (− 40 ◦C) thrice afforded the 
desired compound as a pale-yellow solid (26 mg, 70% yield). 1H NMR 
(400 MHz, CDCl3): δ = 3.53 (s, 18H, S(CH3)2), 5.30 (s, 5H, Cp-H5). FT-IR 
(cm–1): 681, 720, 832, 924, 961, 1017, 1028, 1094, 1321, 1418, 2930, 
3019, 3111. Anal. Calcd. for C11H21F6O3PRuS3: C, 24.22; H, 4.25; N, 0. 
Found: C, 24.53; H, 4.33; N, 0.08. 

4.3. X-ray crystallography 

Single crystals of [1]CPFSA, [1]SbCl6, [2]CPFSA, [2]FSA, and [2]PF6 
grown by recrystallization from acetone–diethyl ether (− 40 ◦C or − 6 ◦C) 
were used for structure analysis. XRD data were collected using a Bruker 
APEX II Ultra (X-ray source: MoKα). The calculations were performed 
using SHELXL [35], and Tables S1 and S2 list the crystallographic pa
rameters. CCDC 2239501 ([1]CPFSA, 90 K), 2263578 ([1]SbCl6, 90 K), 
2242114 ([2]CPFSA, 90 K), 2282354 ([2]FSA, 90 K), and 2050269 ([2] 
PF6, 90 K) contain supplementary crystallographic data for this study. 
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