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Trialkyl(pentafluorocyclotriphosphazenyl)ammonium bis-
(trifluoromethylsulfonyl)imide were synthesized. They were
nonflammable room-temperature ionic liquid which showed
low ionic conductivity (0.292.32mS cm¹1) and viscosity
(33.356.2mPa s). They displayed extremely low viscosity in
spite of the high molecular weight.

Room-temperature ionic liquids (RTILs) are well known to
have unique properties such as a very small vapor pressure, high
thermal stability, and ionic conductivity. Therefore, much
attention has been extensively paid to the application of RTILs
to reaction solvents,1 extraction solvents,2 and electrolyte
materials.3 Recently the use of nonflammable RTILs have been
applied to the electrolyte in batteries to reduce the fire and burn
hazard. However, nonflammability of typical RTILs such as
ammonium (R4N+X¹) and imidazolium (Im+X¹) are insuffi-
cient, because they contain H and C atoms to some extent. On
the other hand, pentafluorocyclotriphosphazenyl (Cpz) group is
stable and nonflammable owing to the non-carbon aromatic
ring.4 Therefore, Cpz-Cl and its derivatives have been used in
lithium ion batteries as an additive to resist to flame.5 However,
Cpz-Cl shows no conductivity at all, resulting in the decrease
of current efficiency in batteries. Therefore, our strategy is to
develop Cpz RTILs that can be used as nonflammable electro-
lyte. Here, we report the properties of RTILs consisting of
trialkyl(Cpz)ammonium ([NmnnCpz]) and bis(trifluoromethyl-
sulfonyl)imide ([TFSI]), although there is an only report on
RTILs with plural ammonium cations around cyclotriphos-
phazen moiety.6

The [NmnnCpz][X] (X = Cl and TFSI) were prepared accord-
ing to Scheme 1. The corresponding tertiary amines (1.0mmol)
were added to Et2O solution (30 cm3) of Cpz-Cl (1.0mmol,
Bridgestone Corp.), and the mixtures were stirred for 1 h at
20 °C. After evaporating the solvent, [NmnnCpz][Cl] was subjected
to an anion-exchange reaction performed by mixing a CHCl3

solution (30 cm3) of [NmnnCpz][Cl] (2.2mmol) and Li+TFSI¹

(2.2mmol, Aldrich), to obtain a light yellow liquid after filtering
the precipitate of LiCl. The [NmnnCpz][TFSI] was purified by
centrifugal separation and active charcoal treatment. In the
1HNMR spectra of [N444Cpz][TFSI], for example, the chemical
shift (¤) of ¡-proton of the butylamino group was shifted to a
lower magnetic field (¦¤ 0.67) than that of the free butylamine,
and the spinspin coupling between the ¡-proton and P atom
(PN) bonded with an N atom was also observed (JPH = 5.2Hz).
Furthermore, ¤ of PN was shifted 23.5 ppm to higher magnetic
field than that of the PCl bond in Cpz-Cl, showing the
transformation of the PCl bond to a PN bond. Similar spectral
data were obtained in another [NmnnCpz][X].7 IR spectra of
[NmnnCpz][X] revealed the characteristic absorption bands (957
and 1279 cm¹1) for the Cpz ring.8 IR spectra of [NmnnCpz][TFSI]
gave two additional characteristic absorption bands; 1040 (S=O)
and 1200 cm¹1 (CF). 13CNMR showed CF3 of TFSI¹ at
119.56 ppm. From the ratio of signal intensity between CF3 and
the carbon atom of the alkyl group, the quantitative ion-
exchange reaction from Cl¹ to TFSI¹ was confirmed.

The [N444Cpz][Cl] and [NmnnCpz][TFSI] were liquid at room
temperature (20 °C) while [N888Cpz][Cl], [N411Cpz][Cl], and
[N611Cpz][Cl] were obtained as a solid state. The presence of a
long alkyl chain was requisite to being liquid at room temper-
ature. The [NmnnCpz][TFSI] were miscible with EtOAc, CHCl3,
CH2Cl2, acetone, MeCN, and MeOH. The polarity of
[NmnnCpz][X] was determined to be ET(30) obtained by use of
Reichardt’s dye. The values were found to be 5557 kcalmol¹1,
comparable to MeOH, showing that [NmnnCpz][X] had high
polarity. The decomposition temperature of [NmnnCpz][X] was
found by TGA to be 182204 °C, lower than that of Im+TFSI¹

(ca. 400 °C).9 Furthermore, it was shown that all [NmnnCpz][TFSI]
were nonflammable by UL94HB, a standard method for
determination of flammability.10 The physical properties are
summarized in Table 1.

The viscosity (©) was determined to be 33.3 to 65.4mPa sec
for oily [NmnnCpz][X]. In general, it is known that the © values of
ILs strongly depend on their molecular weight. Figure 1 shows
the relationship between © and molecular weight of [NmnnCpz][X]
in comparison with (R)Et3N+TFSI¹ (R = CH2OCH3, C2H4-
OCH3, (CH2)nH, n = 5, 8, and 12) systems.11 As a character-
istic of [NmnnCpz][X], it was noted that they had much lower ©
values independently of molecular weight, while those of
(R)Et3N+TFSI¹ increased proportionally to molecular weight.
As a reason why © was extremely small, we considered two
speculations. One is the existence of fluorine in molecule,
because fluorine induces a decreasing of intermolecular inter-
action. In fact, it was reported the decreasing of © by partially
fluorination of ILs.12 Second is the formation of aggregation due
to high electrostatic interaction of [NmnnCpz][X].
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Moreover, the ionic conductivity (·) was measured and was
converted to molar conductivity (Λ). The Λ of [NmnnCpz][X] were
too low to use as the electrolyte in batteries, lower than
Im+TFSI¹, a typical RTIL.13 However, a plot of Λ versus the
reciprocal of © in [NmnnCpz][X], a Walden plot,14 gave a good
linear correlation, strongly indicating that the [NmnnCpz][X]
should be RTILs (Figure 2). In general, the large deviation from
the Walden line showed that the electrostatic interaction between
cations and anions is stronger.14 Therefore, the large deviations
indicated that the electrostatic interactions between [NmnnCpz]

and [TFSI] are much larger than those of the tertiary amine
RTILs.

In conclusion, [NmnnCpz][X] are a nonflammable RTIL with
the low © and Λ. Although the Λ values were not sufficient for
use as battery electrolytes, they can be used as a flame-retardant
additive without decreasing current efficiency. Extended studies
are still in progress in our group.
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Table 1. Physical properties of 1+X¹

RTILs
Yieldb

/%
Mr

c dd

/g cm¹3
ET(30)

/kcalmol¹1
Tdece

/°C
©f

/mPa s
·g

/mS cm¹1
Λh

/S cm2mol¹1

[N444Cpz][Cl] 16 450.74 1.11 55 182 65.4 0.19 0.08
[N444Cpz][TFSI]a 12 695.43 1.12 57 204 43.8 1.01 0.63
[N888Cpz][TFSI]a 13 863.75 1.13 57 196 56.2 0.29 0.22
[N411Cpz][TFSI] 4 611.27 1.12 56 195 33.3 2.32 1.27
[N611Cpz][TFSI] 5 639.32 1.12 56 194 55.8 0.50 0.29

aWater content was below 5 ppm. bBased on 2 used. cMolecular weight. dDensity at 25 °C. eThermal decomposition temperature of 10%
weight loss. fViscosity at 25 °C. gIonic conductivity at 25 °C. hMolar conductivity at 25 °C.
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Figure 1. Plots of © versus molecular weight in [NmnnCpz][X]
( ) and R4N+TFSI¹ ( ) (ref. 11).
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Figure 2. Plots of Λ versus ©¹1 in [NmnnCpz][X] ( ) and
R4N+TFSI¹ ( ) (ref. 11). The dotted line shows the ideal
Walden line.
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