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Sensing of Nanopollutants with an Ionic Liquid

Abstract

Mainly due to the fast development of nanotechnology, many undetectable or unpredictable
nanopollutants may cause negative impacts on the environment and human health. Unlike the
traditional sensing systems which can detect select gaseous molecules, effective nanopollutant
sensing methods are still lacking in the literature. A feasibility for sensing nanopollutants with an
ionic liquid (IL) (e.g., [Cymin][PF,] (1-butyl-3-methylimidazolium hexafluorophosphate)) was,
therefore, studied in the present work. Detection of nanoparticles such as nano ZnO, nano CuO,
nano TiO, and phosphor particulates was conducted in a home-made nanopollutant sensing system.
Experimentally, abstraction of nano ZnO into the IL caused a reduction of the IL resistance.
Similarly, decreasing of the IL resistance was also observed in the abstraction of phosphor particles
with particles sizes of <200 nm. On the contrary, phosphor particulates with particle sizes of
200-5000 nm could not be abstracted effectively in the IL. Note that an increase of the IL
resistance during abstraction of nano TiO; particles was found. Abstraction of nano CuO in the IL
also led to a slight increase of the IL resistance. The determined characteristic resistances of the IL
for abstraction of select nano particles such as nano ZnO, nano CuO, nano TiO, and phosphor

particulates may be used in the development of novel nanopollutants sensors.
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Sensing of Nanopollutants with an Ionic Liquid

Michelle Wang and H.-S. Lin

Abstract

Mainly due to the fast development of nanotechnology, many undetectable or unpredictable
nanopollutants may cause negative impacts on the environment and human health. Unlike the
traditional sensing systems which can detect select gaseous molecules, effective nanopollutant
sensing methods are still lacking in the literature. A feasibility for sensing nanopollutants with an
ionic liquid (IL) (e.g., [C;min][PF,] (1-butyl-3-methylimidazolium hexafluorophosphate)) was,
therefore, studied in the present work. Detection of nanoparticles such as nano ZnO, nano CuO,
nano TiO, and phosphor particulates was conducted in a home-made nanopollutant sensing system.
Experimentally, abstraction of nano ZnO into the IL caused a reduction of the IL resistance.
Similarly, decreasing of the IL resistance was also observed in the abstraction of phosphor particles
with particles sizes of <200 nm. On the contrary, phosphor particulates with particle sizes of
200-5000 nm could not be abstracted effectively in the IL. Note that an increase of the IL
resistance during abstraction of nano TiO, particles was found. Abstraction of nano CuO in the IL
also led to a slight increase of the IL resistance. Characteristic resistances of the IL for abstraction
of select nano particles such as nano ZnO, nano CuO, nano TiO, and nanopollutants (phosphor

particulates) were determined.

Keywords: Ionic liquids, nanopollutants, sensors.
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Introduction

Very recently, developments and applications of nanotechnology have been growing rapidly.
Many nano matters have been used widely. However, the hidden dangers of nanopollutants from
diverse sources may exacerbate the environment and human health on a daily basis [1].
Nanopollutants may translocate into the deep lung. Many unknown diseases caused by
nanopollutants in the environment have, to some extent, been suspected.

Ionic liquids (ILs) are generally nonvolatile, nonflammable, and thermal stable. Therefore,
ILs is also named “Green Solvents” [2]. ILs can also be applied in the industrial synthesis,
separation, electrochemistry, and catalysis [2]. Organic metals (such as Cd, Pb or Zn-dithizonates)
could be extracted in ILs at pH values of 4-8 [3]. Recently, it was found that nano Au particles
could be well suspended in the IL ([C,min][PF]) for at least 20 days [4].

In the traditional sensing systems, concentrations of select gaseous molecules that are adsorbed
on the sensing materials and cause a variation pattern of resistance can be detected [5]. The
concept of gas sensing is completely different from determination of ultrafine particles in nano
scales. Effective nanopollutant sensing methods are still lacking in the literature. Thus, the main
objective of the present work was to study the feasibility for sensing of nanopollutants with an IL
([Cymin][PF]). Specifically, resistances of the IL were determined during abstractions of model

nano particles as well as environmental nano particulates.

Experimental

0.3 mole 1-chlorobutance (99.4%, TEDIA, USA) and 0.3 mole 1-methylimidozole were mixed
and refluxed at 343 K for 72 hours. The [C,min] solution was then mixed with 55.2 grams KPF
(>99.0%, SHOWA, Japan). About 30 mL IL ([C,min][PF4]) were synthesized for nanopollutants
sensing experiments. Detailed procedures for synthesis of the IL were described previously [4].

The sensing experiments were conducted in a home-made system. About 0.05 mL IL
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([Cymin][PF4]) was dropped onto a glass substrate. Silver wires were used for electrical
connections and measurements of the resistances of the IL. Model nano particles such as ZnO
(21-107 nm), CuO (27-95 nm), or TiO; (20-101 nm) carried by 200 mL/min N, gas were dosed onto
the IL. In the environmental nano pollutants sensing tests, phosphor particulates (<5000 nm)
collected from a CRT disassembling processes were filtered to enrich particles with sizes of <200
nm  Resistances of the IL during abstraction of nano particles were monitored by a digital

multimeter (HP34401A).

Results and Discussion

In Figure 1(a), in the early stage (<1500 sec), little abstraction of phosphor particulates (<200
nm) in the IL (insignificant variation of the IL resistance) was found. Prolong the abstraction time
of phosphor particulates in IL, a rapid decrease of the IL resistance (-100 KCQ) was noted.
Interestingly, Figure 1(c) shows that the phosphor particulates without filtration (<5000 nm) could
not be abstracted effectively in the IL. Since zinc is the main species in the phosphor particulates,
resistance of the IL were also determined during abstraction of nano ZnO (21-107 nm). In Figure
1(b), a gradual decrease of the IL resistance was observed. At the abstraction time of >1500 sec,
the IL resistance pattern for phosphor particulates (<200 nm) was very similar to that of nano ZnO.
It seems that the IL might abstract selectively particles with nano sizes.

Nano TiO; (20-101 nm) that is widely used in photocatalysis behaved differently during the
abstraction process. The IL resistance was increased to +150 KQ when the abstraction started, and
then gradually decreased to +50 KQ at the abstraction time of 4000 sec (Figure 1(e)). On the
contrary, little variation of the IL resistance with a slight increase (+25 KQ) was found during
abstraction of nano CuO (27-95 nm) in the IL (Figure 1(d)).

It is clear that abstraction of nano ZnO or phosphor particles (<200 nm) into the IL caused a

reduction of the IL resistance. Note that phosphor particulates with particle sizes of 200-5000 nm
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could not be abstracted effectively in the IL. On the contrary, at the early abstraction stage for nano
TiO, and nano CuO particles, the IL resistance of +150 and +25 KQ, respectively was also found.
Thus a characteristic resistance of the IL during the abstraction of select nano particles could be

determined.

Conclusion

The main objective of the present work was to study the feasibility of sensing nanopollutants
with the IL ([C,min][PF4]). The results of the experiments might lead to the following conclusions.
1. Abstraction of nano ZnO or phosphor particulates (<200 nm) cause the IL resistances to

decrease.  Contrarily, abstraction of nano CuO or nano TiO, led to an increase of the IL

resistances.

2.  The IL ([C,min][PF4]) might abstract selectively particles with nano sizes.
3. Characteristic resistances of the IL for abstraction of select nano particles such as nano ZnO,

nano  CuO, nano TiO, and nanopollutants (phosphor particulates) were found.
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Figure Caption
Fig. 1 Time dependence for the resistence of the ionic liquid abstracted with (a) nano TiO,
(19-100 nm), (b) nano ZnO (19-100 nm), (c¢) phosphor particulates (<5000 nm), (d) phosphor

particulates (<200 nm), and (e) nano CuO (19-100 nm).
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