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Abstract: This paper reported the refractive index sensing ability of localized surface plasmon
resonance (LSPR) sensors using synthesized GNTs by a seedless and non-thermal synthesis method.
The synthesized GNTs were a blue solution, and the edge length of the GNTs was 127 nm. The
refractive index sensitivity of the LSPR sensor using GNTs showed 162 nm/RIU, and the results
confirmed that the LSPR sensor using GNTs realized high refractive index sensitivity compared with
that using spherical gold nanoparticles (GNPs) with a Au concentration of 0.186 mM and a diameter
of 10 nm.
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1. Introduction

A localized surface plasmon resonance (LSPR) sensor using a glass substrate fixed with
gold nanoparticles (GNPs) can be realized for the refractive index sensing of a solvent [1].
However, the sensitivity of LSPR sensors using GNPs depends on the size distribution
of particles, and the improvement in sensitivity requires GNPs with a uniform particle
size deriving sharpened LSPR peaks [2]. The blue-colored gold nanotriangles (GNTs)
with an edge length of around 100 nm have a sharpened LSPR peak at a wavelength of
approximately 600 nm [3]. Since the LSPR peak of the GNTs with blue color is sharp
in comparison with that of spherical GNPs, we expect to improve the sensitivity of the
LSPR sensor.

The GNTs can be synthesized by thermal liquid-phase reduction using citric acid
and cetyltrimethylammonium bromide (CTAB) [3]. However, since the thermal reduction
requires precise temperature control of the solution, it is difficult to realize the reproducible
synthesis of GNTs with an edge length of around 100 nm. To overcome these issues, we
developed a reproducible synthesis method of GNTs in one-pot non-thermal liquid-phase
reduction using a mixture of sodium citrate and tannic acids as reducing reagents. In this
study, the refractive index sensing ability of the LSPR sensor using synthesized GNTs was
reported for the first time.

2. Materials and Methods

A mixture of the aqueous solutions of sodium citrate (128 µL, 100 mM) and tannic
acid (7.7 mL, 0.153 mM) was prepared as solution A. A mixture of the aqueous solutions
of hydrogen tetrachloroaurate (III) tetrahydrate (0.21 mL, 29.7 mM) and CTAB (4.8 mL,
9.15 mM) was prepared as solution B. Subsequently, solution A was added to solution B
while stirring, and the mixture was stirred for 10 min at room temperature (23 ◦C). The
solution was allowed to stand at room temperature for three days. The LSPR peak of the
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synthesized GNTs solution was recorded using a UV–visible spectrometer, and the shapes
of GNTs were observed using TEM.

The LSPR sensor was produced, where a glass substrate coated by the amino group
was immersed in synthesized GNTs solution (Au concentration of 0.186 mM) for 24 h and
dried for 24 h. The absorption spectrum of the produced LSPR sensor fixed in a solution-
filled quartz cell using a specified holder was measured. The refractive index sensitivity
(nm/RIU) of the sensors was calculated using the slope of the linear approximation of
the relationship between the LSPR peak shift and the refractive index of the solution.
The results were compared with that of the LSPR sensor using the GNPs solution (Au
concentration of 0.186 mM) with a diameter of 10 nm [2].

3. Results and Discussion

The synthesized GNTs exhibited a deep blue color, and the LSPR peak wavelength
in the absorbance spectrum of GNTs was 596 nm. The shape of the LSPR peak of the
synthesized GNTs was sharp in comparison with that of spherical GNPs (Figure 1a). TEM
images of the synthesized GNTs confirmed that the average edge length of GNTs was
127 nm (Figure 1b). In this study, three synthesis experiments of GNTs were conducted,
and each sample showed the same color and spectrum. This result confirmed that our
synthesis method of GNTs has high reproductivity.
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Figure 1. (a) UV–vis absorption spectra of GNPs and GNTs solution. (b) TEM image of GNPs and 
GNTs. (c) LSPR peak shift of LSPR sensors using GNPs and GNTs as a function of refractive index. 
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Figure 1. (a) UV–vis absorption spectra of GNPs and GNTs solution. (b) TEM image of GNPs and
GNTs. (c) LSPR peak shift of LSPR sensors using GNPs and GNTs as a function of refractive index.

The refractive index sensitivity of the LSPR sensor using the synthesized GNTs was
162 nm/RIU (Figure 1c). On the other hand, the sensitivities of the LSPR sensor using
GNPs were 33 nm/RIU [2]. These results confirmed that the LSPR sensor using GNTs
realized a high refractive index sensitivity compared with that using spherical GNPs.
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