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 We have studied templated sol gel synthesis of fluorescent 
silica particles. Organic fluorescent dye Rhodamine640 
(R640) was physically (non-covaliently) entrapped inside 
closed type nanochannels. The assembly at different 
temperatures and concentrations of silica precursor were 
investigated. We also studied a possible leakage of R640 dye 
from the nanochannels and suggested a way to arrest the 
leakage by secondary vapor phase silica coating on the 
particles.  This method will ultimately lead to the synthesis of 
ultra bright silica nanoparticles. 
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Introduction 

Fluorescent particles have a broad application in tagging, tracing, and 
labeling (1-5). Fluorescence is typically made through incorporating either 
inorganic or organic fluorescent dyes into the particle’s material. Inorganic 
dyes, being typically more stable, are rather restricted in choice and usually 
toxic. A large variety of commercial organic dyes makes them attractive for 
using in fluorescent particles. The problems are in the dye stability and typically 
its toxicity as well. Incorporation of dyes into silica matrix seems to be one of 
most promising approaches because of excellent sealing ability of silica and 
wide compatibility of with other, included bio-, materials. Numerous attempts to 
embed organic dyes into silica xerogels and zeolites have been known for long 
time (6-15). To prevent leakage of the dyes out of the porous matrix, dyes were  
chemically bound to the silica matrix (9,11,16-18). While photostability of such 
materials was higher than stability of pure dyes, it did not prevent bleaching 
substances, including oxygen, from penetration inside such a composite 
material.  In the case of xerogel, it is rather hard to use it for labeling because it 
doesn’t produce well formed particles.  

Uniform and well-ordered  silica structure nano(meso) porous silica 
particles are gaining importance as micro-containers for storing dyes and other 
fluorescent molecules. Ozin and co-workers (19-23) have described 
synthesizing a zoo of well-formed mesoporous silica particles in the shape of 
discoids, spheres or fibers, collectively called as origami particles. These 
particles were synthesized at room temperature from 
TEOS/CTACl/HCl/H2O/HCONH2 sol and their formation mechanism involves 
polymerization-induced differential contraction of a patch of hexagonal silicate 
liquid-crystal film formed at the air-water interface, which can fold into particles 
by somewhat mimicking “origami” folding. Due to this unique formation 
mechanism, the particles have a closed type structure endowing it to be much 
suitable for storage of dye, fluorescent molecule or other molecules species of 
interest. 

Recently it has been shown (24)  that encapsulation of rhodamine 6G dye 
inside the channels of micron-size nanoporous particle makes those particles 
fluorescently ultra-bright. The particles have fluorescence about 170 times 
brighter than the similar size assembles of quantum dots. The synthesized 
particles are complex nanostructured objects that can be described as tightly 
packed arrays/bundles of silica nanochannels/nanotubes. The increase in 
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Table 1: Molar composition for the synthesis of the particles 

 
 Well-formed particles, mostly discoids and fibers, are seen for samples O-1, 
O-2 and O-4, synthesized at 25, 0 and 65oC, respectively. The sample O-3, 
synthesized at -17 oC did not show any special morphology.  The lack of 
formation of origami particles at that low temperature could presumably be 
explained on the basis energy consideration for bending and folding of 
mesoporous silica film at very low temperatures.  
 To form a compact particle from a film mesoporous ribbon, some minimum 
of Brownian motion might be needed. This motion might not be enough for 
those low temperatures.  At the low temperature is it ribbon bending and folding 
must have been considerably slower or could have been prevented altogether.  
 We found that all the samples showed mesoporous p6mm structure from 
XRD. A representative XRD image of O-1 is shown in Figure 2. The 
mesoporosity in the sample O-1 was confirmed from N2 adsorption desorption 
isotherms measured for the calcined sample at -77 K and shown in Figure 3.  
This is a type IV isotherm with a step rise at ~ 0.2 P/P0 and hysteresis that is 
typical of high quality mesoporous materials.  The mesopore diameter of 2.4 nm 
was estimated from the adsorption branch of the isotherm according to the 
correlation obtained from BJH theory. The total pore volume was 0.85 cm3/g 
and the BET surface area was 1200 m2/g.  
  

Sample                     Molar sol composition 
  
TEOS   HCl    CTAC   H2O   HCONH2    R640 

T
oC 

Morphology 

O-1 
O-2 
O-3 
O-4 
O-5  
O-6  
O-7 
O-8 

0.13 
0.13 
0.13 
0.13 
0.05 
0.3 
0.8 
1.2 

7.8 
7.8 
7.8 
7.8 
7.8 
7.8   
7.8  
7.8 

0.11 
0.11 
0.11 
0.11 
0.11 
0.11 
0.11 
0.11 

100 
100 
100 
100 
100 
100 
100 
100 
   

9.8 
9.8 
9.8 
9.8 
9.8 
9.8 
9.8 
9.8 

0.005  
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 

25 
4 
-17 
65 
25 
25 
25 
25 

Origami 
Origami 
No Shapes 
Origami 
Origami 
Origami 
Origami 
No Shapes 
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Figure 1 CLM images of ultra-bright fluorescent origami samples indicating the 

effect of temperature on their formation; images (A), (B), (C) and (D), 
correspond to samples  O-3, O-2, O-1 and O-4, respectively, synthesized  
at temperatures, -17 oC , 4 oC, 25 oC and 65 oC, respectively. The 
samples were prepared from sol of molar composition 0.13 TEOS: 
7.8HCl: 0.11CTAC: 100H2O: 9.8 HCONH2: 0.005 R640.  

    

(A) (B)

(C) (D)
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Figure 2 XRD patter of origami sample O-1, prepared from sol of molar 

composition 0.13TEOS: 7.8HCl: 0.11CTAC: 100H2O: 9.8 HCONH2
 

at  25 oC. 

 
Figure 3 N2 adsorption/desorption plot (A) measured at -77 K for calcined 

sample O-1. Insert (B) is the pore size distribution calculated using 
BJH correlation.  
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 We also varied the TEOS concentration in the sol from 0.05 to 1.2 in the sol 
TEOS: 7.8HCl: 0.11CTAC: 100H2O: 9.8 HCONH2, forming samples O-5 to O-
8, to study the formation of ultra-bright fluorescent origami particles. Well-
formed particle could be obtained up to TEOS molar concentration of 0.8 in the 
sol, samples O-5 to O-7. Further increase in the concentration of TEOS did not 
yield origami particles as confirmed from CLM, highlighting the effective 

 
Figure 4  Fluorescence of R640 dye in water and encapsulated in the 

nanochannels of the particles 
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Figure 5. A collage of two confocal images of the particles in a gradient of 

glycerol flow. The arrow shows the direction of the flow. One can 
clearly see leakage of the dye from uncoated particles (left) and no 
leakage after the coating (right image). The scalebar is 100 microns.  

 
coating technique using the modification of the process developed by 
Nishiyama and co-workers(29).  
 The ultra-bright fluorescent origami particles were coated with CTAC sol, 
dried, and treated at 50 oC with TEOS vapor, in presence of HCl, in a closed 
vessel resulting in a thin secondary coating of silica on origami particles. The 
morphology, structure of the ultra-bright fluorescent origami particles did not 
change upon this treatment. The modified particles showed dye leakage of less 
than 10% markedly improving its capacity to retain dye in alcoholic solvents. 
Fig.5 shows visualization of the leakage of the dye out of the particles in a water 
solution of glycerol. A droplet of glycerol was placed on one side of a coverslip 
sitting on a microscope slide.  Aqueous dispersion of the particles was between 
the slide and coverslip.  This creates a gradient of the glycerol flow in the 
direction shown in the figure by an arrow. One can clearly see leakage of the 
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dye out of the particles before coating and no leakage after the coating. As to the 
noted that the amount of leakage is really small, and can be clearly seen only in 
switching to “colorized grayscale” mode of the confocal microscope. We 
believe that this simple technique of providing secondary silica coating onto the 
particles is a very attractive approach for preventing the dye leakage from the 
nanostructures. 
 In conclusion, we will like to say that despite the definite interest in having 
micron size fluorescent silica particles; there is a strong interest in ultra bright 
fluorescent silica nanoparticles.  We hope that the described synthesis will be 
extended to the synthesis of nanoparticles.  This is possible simply because of 
the fact that the synthesis of large particles is inevitably passes through the stage 
of nanosize. This idea has been used by us (29)  to demonstrate feasibility of 
such synthesis.  
 Financial support from the US Army Research Office (grant W911NF-05-
1-0339) is gratefully acknowledged 
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