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Abstract
C16H20F12N4P2, monoclinic, P21/c (no. 14), a= 7.3086(15) Å,
b= 12.174(3) Å, c= 26.355(6) Å, β= 94.500(2)°,
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V = 2337.6(8) Å3, Z = 4, Rgt(F)=0.0742, wRref(F2)=0.2262,
T = 296(2) K.

CCDC no.: 2010830

The molecular structure is shown in the figure. Table 1
contains crystallographic data and Table 2 contains the list
of the atoms including atomic coordinates and displacement
parameters.

Table 1: Data collection and handling.

Crystal: Colorless block
Size: 0.20×0.17×0.15 mm
Wavelength: Mo Kα radiation (0.71073 Å)
µ: 0.29 mm−1

Diffractometer, scan mode: Bruker APEX-II, φ and ω
θmax, completeness: 25.5°, >99%
N(hkl)measured, N(hkl)unique, Rint: 17696, 4351, 0.027
Criterion for Iobs, N(hkl)gt: Iobs > 2 σ(Iobs), 3316
N(param)refined: 309
Programs: Bruker [1], SHELX [2, 3],

Diamond [4]
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Table 2: Fractional atomic coordinates and isotropic or equivalent
isotropic displacement parameters (Å2).

Atom x y z Uiso*/Ueq

C1 0.1649(5) 0.3971(3) 0.66220(14) 0.0431(8)
C2 0.1323(5) 0.3453(3) 0.70776(15) 0.0512(10)
H2 0.2091 0.2889 0.7202 0.061*
C3 −0.0137(6) 0.3775(4) 0.73465(15) 0.0541(10)
H3 −0.0365 0.3420 0.7647 0.065*
C4 −0.1249(6) 0.4623(4) 0.71665(16) 0.0550(10)
H4 −0.2215 0.4852 0.7351 0.066*
C5 −0.0940(5) 0.5136(3) 0.67144(15) 0.0506(9)
H5 −0.1704 0.5706 0.6595 0.061*
C6 0.0497(5) 0.4811(3) 0.64378(14) 0.0413(8)
C7 0.3283(6) 0.3650(4) 0.63315(18) 0.0583(11)
H7A 0.2925 0.3679 0.5969 0.070*
H7B 0.4258 0.4181 0.6404 0.070*
C8 0.0856(5) 0.5355(3) 0.59381(15) 0.0502(9)
H8A 0.2012 0.5749 0.5982 0.060*
H8B 0.0982 0.4789 0.5684 0.060*
C9 0.5603(5) 0.2327(3) 0.66977(15) 0.0496(9)
H9 0.6471 0.2840 0.6821 0.060*
C10 0.4231(7) 0.0776(4) 0.6510(2) 0.0699(13)
H10 0.3998 0.0026 0.6485 0.084*
C11 0.3106(7) 0.1585(4) 0.6337(2) 0.0695(13)
H11 0.1951 0.1504 0.6166 0.083*
C12 0.7366(7) 0.0673(5) 0.6973(2) 0.0797(16)
H12A 0.7875 0.0199 0.6730 0.120*
H12B 0.6989 0.0242 0.7252 0.120*
H12C 0.8275 0.1196 0.7098 0.120*
C13 −0.0521(6) 0.7197(4) 0.57865(16) 0.0545(10)
H13 0.0442 0.7602 0.5944 0.065*
C14 −0.2220(6) 0.5833(4) 0.54924(17) 0.0602(11)
H14 −0.2623 0.5125 0.5412 0.072*
C15 −0.3128(6) 0.6771(4) 0.53787(19) 0.0672(13)
H15 −0.4283 0.6832 0.5206 0.081*
C16 −0.2498(9) 0.8783(4) 0.5513(2) 0.0917(19)
H16A −0.1424 0.9210 0.5612 0.138*
H16B −0.3452 0.8962 0.5730 0.138*
H16C −0.2908 0.8945 0.5166 0.138*
N1 0.3987(4) 0.2555(3) 0.64592(13) 0.0506(8)
N2 0.5776(5) 0.1254(3) 0.67302(13) 0.0554(9)
N3 −0.0582(4) 0.6119(3) 0.57502(12) 0.0477(8)
N4 −0.2057(5) 0.7611(3) 0.55623(14) 0.0600(10)
P1 0.53757(15) 0.23823(9) 0.82279(4) 0.0523(3)
P2 0.19576(15) 0.77518(10) 0.45696(4) 0.0531(3)
F1 0.6281(5) 0.3101(3) 0.86834(13) 0.1000(11)
F2 0.4456(5) 0.1675(3) 0.77745(12) 0.0878(9)
F3 0.5182(4) 0.1379(3) 0.86050(12) 0.0839(9)
F4 0.5557(4) 0.3382(2) 0.78450(11) 0.0794(8)
F5 0.7355(4) 0.1961(3) 0.81161(14) 0.0931(10)
F6 0.3417(4) 0.2803(3) 0.83457(12) 0.0913(10)
F7 0.2538(5) 0.7065(6) 0.50536(17) 0.169(3)
F8 0.1368(6) 0.8391(6) 0.40864(18) 0.180(3)
F9 0.1263(10) 0.8624(4) 0.4912(3) 0.205(3)
F10 0.2708(10) 0.6852(3) 0.4248(2) 0.198(3)
F11 0.3860(5) 0.8305(5) 0.45589(17) 0.1450(19)
F12 0.0058(5) 0.7173(4) 0.45793(15) 0.1268(16)

Source of material
1-Methylimidazole (2.62 g, 0.032 mol) and 1,2-bis
(bromomethyl)benzene (4.22 g, 0.016 mol) was added into
a flask containing toluene (25 mL). Then the mixture was
stirred vigorously at 105 °C for 16 h. After the reaction has
been completed (monitored by TLC), the toluene top phase
was decanted and the product was washed with ethyl acetate
and anhydrous diethyl ether 3 times respectively. The inter-
mediate product was dried in vacuo at 60 °C for 1 h to give a
white powder in 98.9%yield. During the anion exchange reac-
tion, the intermediate (1.07 g, 0.0025 mol) and KPF6 (0.92 g,
0.005 mol) were dissolved in water (25 mL), and the reaction
proceeded at 95 °C for 10 h before the reaction mixture was
allowed to cool slowly to room temperature. After deionized
water washing and air drying, the final product was obtained
in 90.5% yield.

Experimental details
All H atomswere included in calculated positions and refined
as riding atoms, with C—H=0.90–0.97 Å with U iso(H)= 1.5
Ueq(C) formethyl H atoms and 1.2Ueq(C) for all other H atoms.

Comment
Ionic liquid (ILs) refers to a salt composed solely of ionswhich
generally has a melting point of 100 °C or below [5]. Because
of the advantages of low volatility, non-flammability, high
polarity, wide window of electrochemical performance, and
large structural adjustability, it has been widely studied and
applied [6–9]. When the anion is hexafluorophosphate, this
imidazole-based ionic liquids may show good hydrophobic-
ity, and even temperature sensitivity of solubility. They can
realize the function of “low temperature heterogeneous, high
temperature homogeneous” in water or some organic sol-
vents, which has application prospect in synthesis and natu-
ral product extraction [10, 11]. On the basis of our earlier work
on aliphatic chain hydrocarbons [12–14], we now used halo-
genated arenes as starting material to react with methylimi-
dazole, and the corresponding compound was obtained.

In the molecule of the title compound bond lengths and
angles are very similar to those given in the literature [14].
The atoms of imidazole ring are coplanar, and the dihedral
angle of the two imidazole rings and the phenyl group are
3.8(2)°, 82.8(2)° and 79.5(2)°, respectively. The torsion angles
of C1—C7—N1—C9, and C6—C8—N3—C13 are 101.0(5)° and
−112.9(4)°, respectively.

Acknowledgements: X-ray data were collected at Instru-
mental Analysis Center Nanchang Hangkong University,
Nanchang, China. This work was supported by the National
Natural Science Foundation of China (No. 31760193) and



Yao-Hong et al.: C16H20F12N4P2 | 1219

the Key Research Foundation of Educational Department of
Jiangxi Province of China [GJJ190181].

References

1. Bruker. APEX2, SAINT and SADABS. Bruker AXS Inc., Madison,
WI, USA (2009).

2. Sheldrick, G. M.: A short history of SHELX. Acta Crystallogr.
A64 (2008) 112–122.

3. Sheldrick, G. M.: Crystal structure refinement with SHELXL.
Acta Crystallogr. C71 (2015) 3–8.

4. Brandenburg, K.: DIAMOND. Visual Crystal Structure Infor-
mation System. Ver. 4.0. Crystal Impact, Bonn, Germany
(2015).

5. Yuan, J.; Soll, S.; Drechsler, M.; Müller, A. H. E.; Antonietti, M.:
Self-assembly of poly(ionic liquid)s: polymerization,
mesostructure formation, and directional alignment in one
step. J Am. Chem. Soc. 133 (2011) 17556–17559.

6. Craig, S. L.: From ionic liquids to supramolecular polymers.
Angew. Chem. Int. Ed. 48 (2009) 2645–2647.

7. Özdemir, M. C.: Removal of methylene blue by new tunable
aryl/alkyl ionic liquids/salts (TAAILs) from aqueous solu-
tion. Sep. Sci. Technol. 3 (2019) DOI: 10.1080/01496395.2019.
1677714.

8. Xia, Y. Y.; Zhao, F. Q.; Zeng, B. Z.: A molecularly imprinted
copolymer based electrochemical sensor for the highly

sensitive detection of L-Tryptophan. Talanta 206 (2020)
120245.

9. Zhu, Z. Y.; Bai, W. T.; Xu, Y.; Gong, H. Z.; Wang, Y. L.; Xu, D. M.;
Gao, J.: Liquid-liquid extraction of methanol from its mixtures
with hexane using three imidazolium-based ionic liquids.
J. Chem. Thermodyn. 138 (2019) 189–195.

10. Yadav, J. S.; Reddy, B. V. S.; Reddy, C. S.; Rajasekhar, K.:
[Bmim]PF6: a novel and recyclable ionic liquid for conversion
of oxiranes to thiiranes in aqueous media. J. Org. Chem. 68
(2003) 2525–2527.

11. Sarker, S. R.; Ball, A. S.; Bhargava, S. K.; Soni, S. K.: Evaluation
of plasmid DNA stability against ultrasonic shear stress and its
in vitro delivery eflciency using ionic liquid [Bmim][PF6]. RSC
Adv. 9 (2019) 29225–29231.

12. Kong, J. H.; Lan, Y. D.; Chen, J.; Huang, C. G.; Xiong, W. M.:
Preparation and component analysis of biodiesel catalyzed
by functionalized dication ionic liquid. Acta Agric. Univ.
Jiangxiensis 38 (2016) 386–390.

13. Xiong, W. M.; Zhou, L.; Lv, S. M.; Nie, X. L.; Chen, J.;
Huang, C. G.: Crystal structure of 1,1′-(pentane-1,5-diyl)bis
(3-methyl-1H-imidazol-3-ium), bis(hexafluorophosphate),
C9H14F12N4P2. Z. Kristallogr. NCS 233 (2018)
473–474.

14. Zhao, W.; Chen, J.; Xiong, W. M.; Lan, Y. D.; Nie, X. L.: Crystal
structure of 1,1′-(hexane-1,6-diyl)bis(3-ethyl-1H-imidazol-3-ium)
bis(hexafluoridophosphate), C16H28F12N4P2. Z. Kristallogr. NCS
234 (2019) 609–611.

https://doi.org/10.1080/01496395.2019.1677714
https://doi.org/10.1080/01496395.2019.1677714

	Crystal structure of 3,3-(1,2-phenylenebis(methylene))bis(1-methyl-1H-imidazol-3-ium) bis(hexafluoridophosphate), C16H20F12N4P2

