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Abstract: The preparation of silica-supported rhodamine chemosensors is described. Metal sensing properties are col-
lected as the silica sensors dispersed into aqueous solution. Rhodamine derivatives with lactone and lactam structure on
the silica surface were characterized in the condition of pH and with several metal ions. A double layered structure, com-
posed of silica core and rhodamine shell, was achieved in one-pot synthesis of nano-sized silica particles through con-
trolled addition of tetraethoxysilane and silane-bound rhodamines. Color change of the silica particle was observed from
colorless to pink, as exposed on Hg**, Fe**, and AI**. The lactone moiety of a rodamine derivative was partially hydro-
lyzed on the silica surface to exhibit pale color while the lactam was stable to maintain colorless turn-off state, leading
to large extinction ratio in sensing.
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hexane, 122 E3ll AAE (1) £2laIth. (78%) 'H NMR
(300 MHz, CDCls, ppm): 8 7.11 (m, 1 H), 6.42-6.23 (m, 2
H), 6.18 (s, 1 H), 3.80 (s, 3 H), 2.84 (s, 3 H). *C NMR
(75 MHz, CDCl;, ppm): & 161.0, 150.9, 130.1, 105.8,
102.4, 98.4, 55.3, 30.9.
3-(N-Ally-N-methylamino)phenol (2) 4. slsl=(1)3.21 g,
233 mmol)S F5° B E&}s]| =2 FH(THF)(30 mL)ol 591
< sodium hydride(60%, 1.0 g, 25.6 mmol)& 3| H7}gk
3 2057} S allyl bromide(3.00 mL, 35.0 mmol)(1.03 g,
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71 & 202 At B ¥ CH,CLMO)ZE FE3191
. f715S w53t A7 A2 viE ]9 (EA/hexane,
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E}. oF 102 F 9h&719] 258 o= &EA 17AI &
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'H NMR (300 MHz, CDCl;, ppm): & 7.09 (m, 1 H), 6.32
(m, 2 H), 621 (s, 1 H), 5.83 (s, 1 H), 5.15 (m, 3 H), 3.90
(s, 2 H), 2.92 (s, 3H ). *C NMR (75 MHz, CDCl;, ppm):
& 156.8, 151.2, 133.7, 130.2, 1164, 1054, 103.6, 99.7,
55.4, 38.24.

Rhodamine S| (3) BH. 3F3H2(2)(1.63 g 10.0 mmol)
9} F43rehAH0.74 g, 5.0 mmol)S- o-dichlorobenzene(15 mL)o|
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£ &8 209 FEAQG)E 2El(45%)3H T 'TH NMR
(300 MHz, DMSO-d6, ppm): & 8.00 (d, 1 H), 7.90-7.53 (m,
2 H), 7.18 (m, 1 H), 643 (m, 6 H), 5.76 (m, 2 H), 5.07
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(d, 4 H), 3.93 (s, 4 H), 2.90 (s, 6 H). °C NMR (75 MHz,
DMSO-d6, ppm): & 168.85, 15231, 150.65, 135.16, 133.25,
133.20, 129.75, 12832, 126.78, 124.40, 123.96, 115.94,
108.70, 106.07, 97.93, 84.52, 53.90, 37.86.

Dye (I)-Rhodamine =X (4) 4. sE(3)(1.00 g,
228 mmol)S ¥ 33t 25 mL-2 E2tA~= 0| F4= THF
(6mL)E ¥ FA27AS fAg o] 890 F HSi(OEY),
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(300 MHz, CDCl;, ppm): & 7.99 (d, J=7.2 Hz, 1 H), 7.60
(m, 2 H), 7.19 (d, J=7.2 Hz, 1 H), 6.57 (d, J=8.8 Hz, 2
H), 6.48 (s, 2 H), 6.37 (d, J=8.7 Hz, 2 H), 5.95-5.65 (m, 1
H), 5.20-4.98 (m, 2 H), 3.92 (s, 1 H), 3.83 (q, J=6.3 Hz, 6
H), 3.40-3.24 (m, 2 H), 2.96 (s, 6 H), 1.69 (d, J=6.4 Hz, 2
H), 1.31-1.14 (m, 9 H), 0.71-0.52 (m, 2H).
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o] &2 E9tHEA/hexane, 1/7, R=0.3).

'H NMR (300 MHz, CDCl;, ppm): 87.92-7.89 (m, 1 H),
7.50-7.43 (m, 2 H), 7.13-7.11 (m, 1 H), 6.42 (d, 2 H), 6.41
(s, 2 H), 626 (d, 2 H), 5.69-5.59 (m, 1 H), 4.95-4.89 (m,
2 H), 421 (br, 1 H), 334 (q, J=8 Hz, 8 H), 3.17 (d, J=8
Hz, 2 H), 1.16 (t, J=8 Hz, 12 H). ®C NMR (CDCl;, ppm):
8 166.7, 153.9, 151.1, 148.8, 135.1, 132.6, 130.6, 128.7,
128.1, 124.0, 122.8, 117.4, 107.7, 106.0, 97.9, 65.6, 542,
444, 12.6.

Dye (ll)-Rhodamine F=& (6) &4d. sF=(3)149¢,
3.00 mmol)S ¥E3sh= 25 mL-27 ZE~F0) ¥~ THF(9 mL)
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SolA] 48A17F B WRSAIZATE A0 2 23] 8dS XF
A FWIRE 5T EFES A7 A= epEE
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%tk 'H NMR (300 MHz, CDCl;, ppm): & 7.99 (d, 1 H),
745 (m, 2 H), 7.19 (m, 1 H), 647 (m, 2 H), 6.46 (s, 2 H),
6.27 (m, 2 H), 3.70 (g, =8 MHz, 6 H), 330 (g, J=8 Hz, 8
H), 247 (t, J=8 Hz, 2 H), 1.95 (br, 1 H), 1.13 (t, J=8 Hz, 12
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H), 0.45-0.38 (m, 2 H). ®C NMR (CDCl;, ppm): & 166.7,
153.9, 151.1, 14858, 132.6, 130.6, 128.7, 128.1, 124.0,
122.8, 107.8, 106.0, 98.0, 65.6, 5825, 542, 53.0, 44.4,
214, 183, 12,6, 7.6.
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Figure 1. Synthesis of triethoxysilyl-attached rhodamine derivatives.
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Figure 2. Preparation of silica nanoparticles with double-layered structure in one-pot process.
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Figure 4. UV-vis absorption spectra of rhodamine derivative (5) in
pH solution.
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Figure 5. Optical observation (at 564 nm) of rhodamine derivative
(5) responding to metal ions.
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Figure 6. Visual observation of nanoparticle SiO,-Dye(Il) in aque-
ous solution containing metal ions.
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Figure 7. Proposed sensing mechanism of SiO,-Dye(II).
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Figure 8. Reversible sensing of solid SiO,-Dye(Il) upon pH and
mercury ion in water.
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