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Ammonium-based and phosphonium-based polyoxometalate ionic liquids (POM-ILs) have been synthesized and characterized. The 
results of small−angle XRD patterns indicate that phosphonium-based POM-IL possesses layered type structure. They are both  
temperature control-type POM-ILs and can exhibit a phase transformation below 100 °C. Phosphonium-based POM-IL exhibits higher 
thermal stability and conductivity than its ammonium analogue.  10 

 
Introduction 
Polyoxometalates (POMs) are early transition metal oxygen 
clusters that can be synthesized in many different sizes and with a 
variety of heterometals. In recent years, attentions have been 15 

focused on them due to not only their special intrinsic structure 
but also their potential application in the fields of catalysis, 
photochemistry, electrochemistry, medicine, biology, magnetism, 
fuel cells.1-6 

Ionic liquids, which are normally composed of relatively large 20 

organic cations and inorganic anions, have attracted great interest 
for their excellent properties, such as negligible volatile pressure, 
low toxicity, high thermal stability, high conductivity, as well as 
the ability to dissolve a wide range of organic and inorganic 
compounds.7-9 25 

Many kinds of functional ionic liquids have been synthesized, 
most of them are the ones with functional groups appended to the 
cationic moieties.10-12 Recently, a family of ionic liquids in which 
the anions incorporate active constituents have been explored. In 
this context, POMs would seem to offer considerable promise as 30 

the basis for functional ionic liquids due to their diverse 
properties. Polyoxometalate-based ionic liquids (POM-ILs) have 
received much attention in recent years because they are studied 
as promising electrolytes in various fields such as fuel cells and 
supercapacitors.13-17 Their design and synthesis can also broaden 35 

the application of heteropoly acids (HPAs) greatly, which suffer 
from high sensitivity to atmospheric moisture, diffusional 
problems, relatively weak thermal stability and continuous 
leakage during cell operation. So far, tetralkylammon-ium cation, 
tetraalkylphosphonium cation, imidazolium and pyridinium 40 

derivative all have been employed for the synthesis of these 
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POM-ILs. However, a great deal of attention has been given to 
ammonium-based POM-ILs, phosphonium-based POM-ILs have 50 

received far less attention as electrolytes,18,19 although they have 
found some applications in catalysis.20-22 Study of the relationship 
between ammonium-based and phosphonium-based POM-ILs is 
scarce. So we chose tributyltetradecylammonium bromide 
(TBTAB) and tributyltetradecylphosphonium chloride (TBTPC) 55 

to synthesize two new POM-ILs. They are not sensitive to 
atmospheric moisture due to their hydrophobic nature. The 
phosphonium-based POM-IL shows attractive advantages in 
terms of thermal stability and conductivity over its ammonium 
analogue as non-aqueous electrolyte. 60 

 
Experimental section 

Synthesis of POM-ILs 

H6PW9V3O40 was synthesized according to the procedure 
described in our previous report.23 65 

Tributyltetradecylammonium bromide (TBTAB) was 
synthesized by modification of the method according to the 
literatures available.24 

H6PW9V3O40 and TBTAB (TBTPC) were taken in 1:6 (1:6) 
mole ratio to give one mole of [TBTA]6PW9V3O40 70 

([TBTP]6PW9V3O40). TBTAB (TBTPC) was dropped into the  
ethanol solution of H6PW9V3O40 under continuous stirring. Upon 
addition of the entire TBTAB (TBTPC), red product formed, 
which was stirred at room temperature for 24h. The product was 
washed with ethanol and dried in vacuum at room temperature to 75 

give the final one which exhibits gel-like state. The obtained 
compounds are highly insoluble in water and ethanol, soluble in 
ethyl acetate, acetone, dichloromethane and dimethyl sulfoxide.  

Instrument and reagent          

FTIR spectrum was measured on a Nicolet Nexus 470 FT/IR 80 

spectrometer over the wave number range 400-4000 cm-1 using 
KBr pellets. UV spectrum was obtained on a SHIMADZU U-
2550 UV-Vis spectrophotometer. Small−angle XRD pattern was 
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measured on a D/Max-2550 diffractometer operated at 50 KV 
and 200 mA in the range of 2θ = 2-10° at a rate of 0.5°·min-1. 
Wide-angle XRD pattern was recorded on a BRUKER D8 
ADVANCE X-ray diffractometer using a Cu tube operated at 40 
kV and 40 mA in the range of 2θ = 25-35° at a rate of 0.02°·s-1. 5 

The thermal stability of the sample was studied using 
thermogravimetry (TG) and differential thermal analysis (DTA) 
techniques from room temperature to 600 °C. Measurement was 
performed using a Shimadzu thermal analyzer in a Nitrogen 
stream, with a scanning rate of 10 °C·min-1. Conductivity was 10 

measured by a DDS-11A conductivity meter fitted with a 
Shanghai DJS-1 electrode. The conductivity meter was calibrated 
by the standard KCl solution with a concentration of 0.01 
mol · L−1.  

All chemicals were of analytical grade and used without 15 

further purification. 

Results and discusstion 

The neat HPA (H6PW9V3O40), its ammonium-based and 
phosphonium-based POM-ILs are characterized by the IR spectra 
in Fig. 1. The four characteristic bands for the Keggin structure of 20 

H6PW9V3O40 (curve a) appeared at 1070, 976, 879 and 795 cm-1, 
assignable to vibrations of P–Oa, M–Od, M–Ob–M and M–Oc–M 
(M= W, V), respectively.25 In spite of slight changes in 
wavenumbers and intensities, the four Keggin-structured peaks of 
[TBTA]6PW9V3O40 (curve b) and [TBTP]6PW9V3O40 (curve c) 25 

are also observed distinctively. This result indicates that the two 
POM-ILs still retain Keggin structure after the protons of HPA 
are substituted by organic cations. Compared with the parent 
HPA, clear red shifts for the M–Od band and blue shifts for the 
M–Oc–M (M= W, V) band are presented of these two POM-ILs. 30 

The shifts illustrate that an interaction exists between the organic 
cation and the heteropoly anion. From the geometry of the anion, 
the anion-cation interactions cause certain charge-density 
repartition in the compounds.26 Meanwhile, [TBTA]6PW9V3O40 
and [TBTP]6PW9V3O40 present the new characteristic bands in 35 

the region of 3000-2850 cm-1 and 1500-1380 cm-1 which are 
attributed to C-H stretching and C-H bending vibrations, 
respectively. The vibrations of C-N and C-P bonds are weak and 
may be overlapped with C-C and P–Oa vibrational bands in the 
region of 1250–1000 cm-1. 40 

 
Fig. 1 IR spectra of H6PW9V3O40 (a), [TBTA]6PW9V3O40 (b) and  

[TBTP]6PW9V3O40 (c). 

UV spectra of these two POM-ILs are recored using 
dichloromethane as the solvent, shown in Fig. 2. The 45 

characteristic bands at 254 nm for [TBTA]6PW9V3O40 and 256 
nm for [TBTP]6PW9V3O40 are due to charge–transfer of bridge-
oxygen (Ob, Oc) to metal atoms (W, V) in the heteropolyanions 
cage. When compared with the parent HPA, the characteristic 
peaks of [TBTA]6PW9V3O40 and [TBTP] 6PW9V3O40 show some 50 

slight shifts, which is in good agreement with that of the IR 
spectra [23]. The result also indicates that the size of the cation 
influences greatly on the anion-cation interactions.27 

 
Fig. 2 UV spectra of [TBTA] 6PW9V3O40 (a) and [TBTP] 6PW9V3O40 (b). 55 

 
Fig. 3 Small−angle XRD patterns of [TBTA]6PW9V3O40 (a) and 

[TBTP]6PW9V3O40(b). Inset: Corresponding wide-angle XRD patterns. 

The phase and structure of [TBTA]6PW9V3O40 and 
[TBTP]6PW9V3O40 are further studied by using powder X-ray 60 

diffraction (XRD) in Fig. 3. In the wide-angle region, the XRD 
patterns of the two POM-ILs both present a very broad peak at 
the region of 2θ = 16-32°, which is consistent with the amorphous 
nature of the samples.28 However, their parent HPA displays the 
crystal structure according to the literature.23 The results mean 65 

that in synthesis of [TBTA]6PW9V3O40 and [TBTP]6PW9V3O40, 
the original structure of H6PW9V3O40 is rearranged by 
introduction of TBTP and TBTA cations, involving the self-
assembly of cations and anions through electrostatic interactions 
and Van der Waals forces.29 It also demonstrates that the 70 

secondary structure of HPA derivatives is influenced greatly by 
the nature of the cations. In the small-angle region, the two POM-
ILs display different Bragg diffraction peaks, which are attributed 
to their different layered structures. Only one Bragg diffraction 
peak is shown in the XRD pattern of [TBTA]6PW9V3O40, which 75 

is the characteristic peak of Keggin structure at the region of 2θ = 
7-10°.30 However, in the small-angle region of XRD curve of 
[TBTP]6PW9V3O40, seven sharp peaks are present, which arises 
from the regular arrangement of the molecules in layers. The 
larger five peaks are the characteristic peaks of Keggin structure. 80 
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And, the smaller two peaks during 3 to 5° indicate two types of 
layered structures with spacing values of 2.44 and 2.10 nm exist. 
In the simulations, the lengths of the alkyl chains are estimated 
considering the planar zigzag conformations. The thickness of a 
single layer is calculated as 3.34 nm, considering the lengths of 5 

the anion and cation are 1.04 and 2.30 nm, respectively.31 This 
value is larger than the thickness value obtained by the XRD 
pattern (2.44 and 2.10 nm). So the cations display staggered 
arrangement around the anions or there is conformational 
disorder of chains. Schematic illustration of two possible types of 10 

layered structures is shown in Fig. 4. 

 
Fig. 4 Schematic illustration of two possible types of layered structures of 
[TBTP]6PW9V3O40. Color legend of PW9V3O40

6-:  WO6 blue octahedra, 
VO6 red octahedra, PO4 black tetrahedra. 15 

 
Fig. 5 TG-DTA curves of [TBTA]6PW9V3O40 (a) and        

[TBTP]6PW9V3O40 (b). 

Fig. 5 shows the TG-DTA curves of both POM-ILs in N2 at a 
heating rate of 10 K min-1. The TG curves of [TBTA]6PW9V3O40 20 

and [TBTP]6PW9V3O40 both exhibit a one-step weight loss 
process, which is attributed to the decomposition of the organic 
and inorganic moieties. The weight loss of 49.09 wt.% (calc. 
49.58%) for [TBTA]6PW9V3O40 and 49.31 wt.% (calc. 50.63%) 
for [TBTP]6PW9V3O40 are due to the release of organic moieties 25 

and oxide (P2O5). The DTA curves of [TBTA]6PW9V3O40 and 

[TBTP]6PW9V3O40 show the endothermic peaks in the heating 
process, indicating the two POM-ILs display the phase 
transformation from solid state to liquid state. Photographs of 
thermo-responsive behavior of the POM-ILs are shown in Fig. 6. 30 

The exothermic peaks of DTA curves demonstrate the 
decomposition of organic moieties and inorganic moieties 
gradually. The decomposition temperature (Td) is recorded 
according to the first exothermic peak of the DTA curve.32 The Td 
of [TBTA]6PW9V3O40 (234 °C) is much lower than that of 35 

[TBTP]6PW9V3O40 (421 °C), which indicates that the 
tetraalkylphosphonium cations contribute to improve the thermal 
stability of such POM-ILs.33  

 
Fig. 6 Photographs of thermo-responsive behavior of 40 

[TBTA]6PW9V3O40 (a) and [TBTP]6PW9V3O40 (b). 

 
Fig. 7 Conductivity versus temperature plots of [TBTA]6PW9V3O40 (a) and 

[TBTP]6PW9V3O40 (b).  

The conductivity of [TBTA]6PW9V3O40 and 45 

[TBTP]6PW9V3O40 in the temperature range from 313.15 to 
413.15 K is shown in Fig. 7. Conductivity of these compounds 
increases with higher temperature as the mobility of conducting 
species increases with temperature.34 Under the same conditions, 
[TBTP]6PW9V3O40 has higher conductivity than 50 

[TBTA]6PW9V3O40. Part of the reason may be that phosphonium-
based POM-IL has weaker Coulombic interaction than its 
ammonium analogue, as the Coulombic interaction between the 
cation and the anion of the POM-IL tends to cause a decrease in 
mobility.35 The increase of conductivity before 100 °C is smaller 55 

than the increase of conductivity after 100 °C. So the 
conductivity of these POM-Ils are dependent on temperature.  

In this paper we have reported the syntheses, characterization, 
conductive performance of two POM-ILs, [TBTA]6PW9V3O40 
and [TBTP]6PW9V3O40, which are based on Keggin structure 60 
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HPA. XRD patterns indicate that phosphonium-based POM-IL 
possesses layered type structure due to the self-assembly of 
cations and anions through electrostatic interactions and Van der 
Waals forces while ammonium-based POM-IL does not. They are 
both  temperature control-type POM-ILs and can exhibit a phase 5 

transformation below 100 °C. Phosphonium-based POM-IL 
exhibits higher thermal stability and conductivity than its 
ammonium analogue. The higher conductivity of phosphonium-
based POM-IL may be due to its weaker Coulombic interactions. 
The phosphonium-based POM-IL is expected to be promising 10 

non-aqueous electrolyte for electrochemical applications. 
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