
Versatile  Emission

高分散性・高安定性・高機能性！

オール有機の蛍光美粒子

Various Applications

Innovation
◆ 色素からなる微粒子
だから 安定・色素漏れなし

◆ 構造がシンプル
だから 酸・アルカリに強い

◆ 水にも有機溶媒にも
ソープフリーで分散可能

◆ ナノからマイクロサイズまで

発光性フィラー 発光性トナー
発光性中間膜 波長変換フィルム
バイオイメージング 蛍光センシング
蛍光ラベリング

高い分散性が生み出す多彩な展開力

◆ 有機系ならではの
ブロードバンド発光

◆ オール有機粒子だから
ポリマー材との相溶性抜群

◆ 蛍光ソルバトクロミズムによる
多彩な発光色
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This paper presents a new class of one-dimensional 1 
nanostructures exhibiting remarkable fluorescent 2 
solvatochromism. This is fabricated through the self-3 
assembling polymerization of 2,6-dihydroxyanthracene with 4 
a small crosslinker on the surface of silica helices obtained 5 
from a sol-gel reaction with tetraethoxysilane in the 6 
presence of the gemini surfactant-derived chiral assembly.  7 

Keywords: Fluorescent solvatochromism, Helical self-8 
assembly, Nanocomposite 9 
 

One-dimensional (1D) nanomaterials have received 10 
significant attention owing to their peculiar dimensional 11 
restriction, physicochemical and optical properties, and 12 
various applications such as in optoelectronic devices,1 13 
photovoltaics,2 solar cells,3 and photonics.4 Such 1D 14 
nanomaterials have been provided as helical self-15 
assemblies,5,6 nanofibers,7 nanorods,8 and nanotubes9 and, 16 
therefore, they have frequently been fabricated using a 17 
bottom-up approach based on a self-assembling technique 18 
such as supramolecular chiral self-assembly,10-12 polymer 19 
electrospinning,13 and block building through 20 
crystallization.14 Owing to their enhanced features such as a 21 
high specific surface area, mechanical properties, and chiral 22 
optical properties, they play an important role in a wide 23 

range of applications.15 The most challenging aspect is to 24 
introduce optical properties into these 1D nanostructures, 25 
one of the most convenient methodologies of which can be 26 
consolidated through a fabrication using the adsorption or 27 
grafting of fluorescent components such as organic dyes16 28 
and quantum dots17 on the surfaces. However, these types of 29 
fluorescent 1D nanomaterials still face certain problems, 30 
such as a lack of stability from an elution or a disassociation, 31 
and quenching from a highly dense immobilization, among 32 
others. To overcome these problems, some better systems 33 
should be newly developed. 34 

In this paper, we introduce a new and facile approach 35 
(Figure 1) for the creation of fluorescent 1D nanomaterials 36 
based on fluorescent polymer-deposition through their direct 37 
polymerization, which may overcome the limitation of 38 
quenching and a loss in photochemical properties. Other 39 
advantages include the use of an organic monomer, absence 40 
of heavy metals, and good solubility in various solvents.  41 

In this study, we selected twisted nanoribbons as the 42 
1D nanomaterials, which were delivered from a simple 43 
combination of a non-chiral gemini surfactant and chiral 44 
tartrate anion (16-2-16 aggregates, as shown in Figure 1A) 45 
because this new class of 1D nanomaterial demonstrates 46 
distinct advantages in well-controlled helical structures in 47 

 48 

 49 
Figure 1.  Schematic illustration showing the preparation processes of (a) 1D-nanosilica helix and (b) its following polymer deposition. 50 

Fabrication of fluorescent one-dimensional-nanocomposites through one-pot self-assembling polymerization  
on nano-helical silica  

5 
 

 

NOTE   The diagram is acceptable in a colored form. Publication of the colored G.A. is free of charge. 
For publication, electronic data of the colored G.A. should be submitted. Preferred data format is EPS, PS, CDX, PPT, and TIFF.  

If the data of your G.A. is "bit-mapped image" data (not "vector data"), note that its print-resolution should be 300 dpi. 
You are requested to put a brief abstract (50-60words, one paragraph style) with the graphical abstract you provided, so that 

readers can easily understand what the graphic shows. 
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terms of diameter and pitch18 and good applicability for 1 
materialization through a sol-gel transcription method.19 1D 2 
nanosilica having a helical morphology was prepared via a 3 
sol-gel reaction of tetraethoxysilane (TEOS) on 16-2-16 4 
aggregates as a template, and the removal of the template 5 
and unreacted TEOS was achieved through sufficient 6 
washing with 2-propanol and ethanol. Figures 2b and 2c 7 
show transmission electron microscopy (TEM) images of 8 
the nanosilica obtained, of which the diameter and helical 9 
pitch were determined to be 30 and 69 nm (Table 1), 10 
respectively. The other parameters (Table 1) include a width 11 
and thickness of 29 and 15 nm, respectively, which were 12 
measured based on the scheme shown in the TEM image of 13 
Table 1.  14 

 15 

Figure 2.  (a) White powders from bare silica helices and (b-c) their 16 
TEM images. (d) Brownish greenish powders from the polymer-17 
deposited silica helices and (e-f) their TEM images.  18 

The fluorescent polymer deposition on the nanosilica 19 
helices was carried out as follows: 2,6-dihydroxyanthracene 20 
(2,6-DHA) was used as the main monomer for fluorescent 21 
functionalization (Figure 1B). This approach was inspired 22 
based on the fact that the polymerization of 1,5-23 
dihydroxynaphthalene through crosslinking with 1,3,5-24 
trimethyl-1,3,5-triazinane (TMTA) produces black polymers 25 
from a ring extension reaction leading to carbon-like 26 
structures,20 whereas the corresponding 2,6-isomer provides 27 
colored and fluorescent polymers.21 Based on these findings, 28 
the hybridization of 1D helical nanosilica with a fluorescent 29 
polymer was achieved. The nanosilica and 2,6-DHA (1 30 
mM) were mixed at a 1 : 1 weight ratio in ethanol. TMTA 31 
was added to the mixture, and polymerization was then 32 
conducted at 150 ˚C for 5 min using a microwave reactor. 33 
The product was collected through centrifugation, purified  34 

Table 2.  Comparison of the measured parameters on silica 35 
helices before and after polymerization. 36 

 37 
with ethanol, and washed several times until the supernatant 38 
became colorless despite the initial reddish color of the 39 
supernatant. The thermo-gravimetrical analysis indicated 40 
that the weight loss of the polymer-deposited nanosilica at 41 
900 °C was approximately 18 wt%, and the elemental 42 
analysis proved that the carbon and nitrogen contents were 43 
14.4 wt% and 1.42 wt% respectively. 44 

It was confirmed that the 1D morphology with a 45 
helical form was maintained after the polymerization 46 
process. Similar procedures were performed using water or 47 
a mixture of water and THF, although the helical structures 48 
collapsed in these solvent systems. This is probably caused 49 
by the alkaline behavior of the TMTA, where the pH of the 50 
solvent system was between 8.5 and 9.0, thereby leading to 51 
a hydrolysis of the Si-O bonds. Based on these fundamental 52 
results, we used ethanol without water as a solvent to 53 
perform polymerization. Ethanol was considered as the best 54 
solvent for the stability of helical nanosilica. 55 

The color of the product obtained was brownish green 56 
(Figure 2d) after drying, and the TEM images show only a 57 
helical morphology (Figure 2e) similar to the original 58 
nanosilica helices. Therefore, the change in color from 59 
white to brownish green can be explained by the coloration 60 
of the nanosilica. By comparing their detailed morphologies 61 
before and after polymerization, the diameter, width, and 62 
thickness of the product slightly increased in the original 63 
silica, whereas there was no significant change in the helical 64 
pitch, as shown in Table 1. 65 

The mechanisms of polymer deposition on the silica 66 
are yet to be determined because 2,6-DHA has four reactive 67 
sites at the next positions (1-, 3-, 5- and 7-positions) of the 68 
phenolic carbon, although it is estimated that two distinct 69 

Parametersa 

Bare silica  Polymer-deposited silica 
Differencec 

(nm) Size 
(nm) 

SDb  Size 
(nm) 

SDb 

Diameter 30 1.2  34 1.0   4 

Pitch 69 1.3  68 1.1 ~ 0 

Width 29 1.3  33 1.4   4 

Thickness 15 0.6  17 1.1   2 
a Each parameter was determined according to the following TEM 
image. b Standard deviations were calculated from at least 10 
nano-helices. c Determined by the difference between the average 
parameters of the polymer-deposited silica and the bare silica.  
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Figure 5. Fluorescent emission spectra and luminescence color of Ant10-T8W2 in CHCl3 and DMF mixture. 
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Figure 2. pH dependency of Ant10-T8W2 particles dispersed in an aqueous solution (5 mg L-1). 
(a) Under normal light, (b) excited at 365 nm. 
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