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The synthesis and processing of nanoparticles consisting of
metallic nanocrystal cores and organic monolayer shells promise
interesting technological applicatiohsn recent years, optical
nanoprobes have been developed by modifying the surface of gold
nanoparticles with various functional molecules. Gold nanoparticles
have tremendously high molar absorptivity in the visible region.
Particle aggregation results in further color changes of gold
nanopatrticle solutions due to mutually induced dipoles that depend
on interparticle distance and aggregate 3iz&old nanoparticle - :
aggregation-induced analytes have been demonstrated for®DNA, Figure 1. TEM image of thel-modified gold nanoparticles (a) before and

(a)

several metal ion$and so orf.
Room-temperature ionic liquids are attracting much interest in

many fields of chemistry and industry, due to their potential as a

“green” recyclable alternative to the traditional organic solvénts.
They are nonvolatile and provide an ultimately polar environment
for chemical synthesis. Some ionic liquids are immiscible with water
and organic solvents, giving biphasic ionic liquid systems, which
enables easy extraction of products from the ionic liquithe
miscibility with organic solvents or water is mostly dependent on
the appropriate aniorfs.

(b) after addition of HPE:
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lished that the content df in the gold nanoparticles was 10 wt %.

Based on the fact that the average particle size was 5.00 nm, the
number ofl adsorbed on the surface of each gold nanoparticle was

Here, we report the synthesis and functions of gold nanoparticles 380.

modified with ionic liquids based on the imidazolium cation  \yg set out to investigate the effects that the particle-immobilized
(Scheme 1). Hydrophilic and hydrophobic properties will be tuned jonic jiquid exerts on the properties of the gold nanoparticle. The
by anion exchange of the ionic liquid moiety. We found the use of aqueous solution (5 mL) of thiemodified gold nanoparticles (0.5
the aggregation-induced color changes of the gold nanoparticles inmg, containing 2.1x 10~4 mmol of 1 calculated from the TGA
aqueous solutions as an optical sensor for anions via anion exchanggnq elemental analysis results) was prepared. The reaction of the
of the ionic liquid moiety. We also demonstrated the phase transfer 1_mdified gold nanoparticles with various anions was followed
of the gold nanoparticles from aqueous media to ionic liquid. A" a5 3 function of time through optical changes in the surface plasmon
few papers have reported the synthesis and catalytic application ofyesonance in the UVvis absorption spectrum. It is well-known
composites of metal nanoparticles and ionic liquidowever, to that the addition of HX (X= BF,~, PRy, and so on) to ionic liquids
our knowledge, this is the first report of control of the surface pased on methylimidazolium chloride results in the anion exchange
properties of gold nanoparticles with ionic liquids based on the from CI- to BF,~ or PR, respectively:! The same UV-vis
imidazolium cation. spectrum was observed upon addition of #.00-3 mmol of HCI,

An excess amount of NaBH2.0 mg, 0.054 mmol) was added  HBr, and HBF, to the solution. The presence of HP&nd HI
dropwise to 10 mL of an aqueous solution of HAWC5.0 mg, induced a red shiftdfax = 539 nm for HI and 682 nm for HRJF
0.012 mmol) in the presence of 3[8isulfanylbis(hexane-1,6-diyl)l-  (Figure 2B). In the case of Hl and HRRhe solution color changed
bis(1-methyl-H-imidazol-3-ium)dichloride 1) (5.5 mg, 0.012  dramatically from red to purple and blue, respectively (Figure 2A).
mmol). The solution color immediately changed from yellow to  This red shift is attributed to the coupled plasmon absorbance
dark red, indicating the formation of gold nanoparticles. The mixture of the gold nanoparticles in close contact, demonstrating the
was filtered through an ultrafiltration membrane (ADVANTEC formation of the particle aggregates. The TEM image of the
USY-5, MW cutoff 50 000) to remove freeand ions. The UV obtained solution after addition of HI and HP&learly indicated
vis absorption spectrum of the red solution showed the surface the particle aggregates (Figure 1b). In contrast, the TEM image
plasmon band derived from the gold nanoparticles at around 526 indicated well-isolated homogeneous nanoparticles without any
nm. Figure 1a shows the transmission electron microscopy (TEM) aggregates in the case of HCI, HBr, and HBFhese aggregations
image. The average diameter of thenodified gold nanoparticles  are due to the change of water miscibility by the anion exchange
was 5.00 nm as measured by TEM. A FT-IR measurement of the of the ionic liquid based on the imidazolium cation on the
1-modified gold nanoparticles showed that the=C stretch nanoparticle surface. That is, the surface property of the gold
vibration of the imidazolium ring was observed at 1589 ¢/ nanoparticles changed from hydrophilic to hydrophobic by the anion
demonstrating the surface binding bto the gold nanoparticles.  exchange of the ionic liquid, which led to the nanoparticle
Thermogravimetric analysis (TGA) and elemental analysis estab- aggregation in water. In fact, containing Ct is soluble in water.
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Figure 3. UV —vis absorption spectrum of tiemodified gold nanoparticle
solution (a) before and (b) after addition of HPHhe inset shows the
photograph of the solution (a) before (sample glass on the left) and (b)
after (sample glass on the right) addition of HPF
Information). These results clearly indicate that HRIEts as an
efficient phase transfer agent for thenodified gold nanoparticles
and allows their solubilization in the ionic liquid phase through
the solubility change by the anion exchange from @ PR~

In conclusion, we have demonstrated the synthesis of the imid-
azolium ionic liquid modified gold nanoparticles. This gold nano-
particle can be used as exceptionally high extinction dyes for color-
imetric sensing of anions in water via a particle aggregation process.

On the other hand] containing PE is immiscible with water. In this system, a new method to efficiently transfer gold nanopar-

The strength of hydrogen bonding between water molecules andticles from agueous solution to ionic liquid via anion exchange has
anions in ionic liquids increases in the order ofsPE BF, .12 been described. lonic liquid containing the transferred metal nano-
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Figure 2. (A) Photographs of the obtained solutions of thenodified
gold nanopatrticles after addition of (a) HCI, (b) HBr, (c) HBRd) HI,
and (e) HPE. (B) UV—vis absorption spectra corresponding to (a), (d),
and (e) in photograph A.

The larger red shift will be expected by the addition of HPFe particles has potential for the recyclable biphasic catalysis process.
described experimental results are in accordance with the expecta-
tion. Element analysis of th&modified gold nanoparticles after
the addition of HPE showed that 30% of immobilized on the
nanoparticle surface changed from~Qlo PR~ by the anion
exchange.

The larger red shift of wavelength maximum was observed with
an increase in the amount of HPEee Supporting Information).
A similar behavior of the wavelength maximum was observed in
the case of HBFrand HI (see Supporting Information). The larger
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Supporting Information Available: Experimental details and

characterization data df Figures of wavelength maximum versus time
for the solution after addition of HI, HBf-and HPk. TEM image of
the resulting ionic liquid phase (PDF). This material is available free
of charge via the Internet at http:/pubs.acs.org.

red shift was observed in the order of HPF HI > HBF,. Based
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