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Abstract: Organic fluorescent sensors have received great attention for metal ions detection. Especially, it has been
known that 1,10-phenanthroline is able to form a complex with metal ions. In this work, 1,10-phenanthroline derivative
was copolymerized with styrene to fabricate particles, enabling detection of Cu(Il) ions in aqueous medium. The polymer
particles showed a high responsiveness to Cu(Il) ions via fluorescence change. Recognition of Cu(Il) ions via flu-
orescence change of the polymer particles exhibited a good performance as a fluorescent sensor based on fluorescence
turn-off system.

Keywords: phenanthroline, fluorescence, sensors, Cu(Il) ion detection.
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Mz« 717]. ZE A9 Sigma-Aldricholl A 75192
™, F7F A glol ARg-atith. 'H NMR# “C NMR 23]
E#L Bruker 3002} 400 spectrometers ARg-3lo] 9o
(=712 L ATY), UV-vis =2H EF-L Lambda 365
spectrometers AHg-ste] Z7GsISlnt. G S ERS A=
W= sFdo g A3 Varian Cary Eclipse 23715 AM:
slo] ASH, FTIRS Bruker Tensor 27 #3715 ARS-3191
=2

2,9-Bis(trichloromethyl)-1,10-phenanthroline (1)2] &4.
500mL 5 Z2F239] 2,9-dimethyl-1,10-phenanthroline
(10g, 48.0mmol)S ZFEEZEEQ00mL)] %03, M-
chlorosuccinimide(NCS, 38.5 g, 288 mol)$} m-chloroperoxy-
benzoic acid(mCPBA, 2.9 g, 5 mol%)E 7}t g2l A
kst JA71e BE =dE 59 Foll 110°OH 52
AlA 124]17F aRksldtt. ¥hg F5 Fof o ® J7ish
5, £¥=5 NaOH &0 Fof JAES At A&
< brineoll AH 3 & oAFete] AxAZTH BE =S 84
ZAR AAJATHFE: 14.1g, 71%). 'H NMR (400 MHz,
CDCly) 5=8.86 (d, 1H), 841 (d, 1H), 838 ppm (d, 1H);
BC NMR (100 MHz, CDCI3) §=97.1, 120.9, 126.1, 128.6,
139.9, 144.1, 156.5 ppm.

1,10-Phenanthroline-2,9-dicarboxylic acid (2)2| &#4.
100 mL &<+ &2k2==0f| 2,9-bis(trichloromethyl)-1,10-phen-
anthroline(10 g, 24 mmol)2 %75t 3H2H4 mL)oll =Tk

JAke] I (I) o) A 249

o

Feol 4 A2 A T olshate] AFeBo|N Aol
2 A S AATHEE: 4.2 g, 65%). 'H NMR (400 MHz,
DMSO) 6=8.85 (d, 1H), 8.51 (d, 1H), 8.41 ppm (d, 1H);
BC NMR (100 MHz, DMSO) 6=123.6, 1289, 129.1,
130.6, 138.9, 148.1, 168.5 ppm.

N2 N°-Diallyl-1,10-phenanthroline-2,9-dicarboxamide
(DAPhen)e| &, 100 mLé| &= Zek==0] 1,10-phenan-
throline-2,9-dicarboxylic acid(2 g, 7.5 mmol)E DMF(25 mL)
of =<l 3 1-ethyl-3-(3-dimethylaminopropyl)carbo-diimide
(EDC, 3.14 g, 16.4 mmol), N,N-diisopropylethylamine(DiPEA,
2.12 g, 16.4 mmol)Z} hydroxybenzotriazole(HOBt, 2.22 g, 16.4
mmol) 22|37 o} (allylamine, 0.94 g, 16.4 mmolyS %
7¥eIiTh. WhS GolS Aol 24417 ik - SRl -
of AT IHES oAFstd SRl A F Az
stod Bhe 24 IAE AATHFE: 1.3 g, 55%). 'H NMR
(300 MHz, CDCly) 6=28.73 (d, 2H), 8.61 (d, 2H), 8.45 (d,
2H), 7.97 (s, 2H), 5.93 (s, 1H), 5.31 (d, 1H), 5.18 (d, 1H),
4.10 ppm (s, 2H); “C NMR (75 MHz, CDCL) §=95.5,
119.40, 128.6, 128.9, 129.1, 130.6, 138.9, 146.1, 161.5 ppm.

& DEX XHPS-DAPhen) MZ=. 100 mLe] 52 =
2}~ DAPhen(0.5 g, 1.44 mmol)2} 2=E}°]2(0.6 g, 5.76
mmol)& DMF(20 mL)ll 53tk AIBN(S wt%)S 3 7Fetar
100 °CE 52 5 4817k 53F wRkst. vhgo] T84
& NS Ao E Y F ARETE ARt 1L
A2 353109tk 0.9 g, 82%). FTIR (KBr, cm™): 3303
(amide, N-H), 1683 (amide, C=0), 1650 (phenanthroline,
C=N).

F2|(Il) o] ZX| AE. PS-DAPhenS &3 &ujol ok
S/E(1:90] B2 F, 10 F572] <5 ©](Cs', Na', Sr',
Ca*, Cu*, Co*, Mg*, Zn*, Fe*, Fe*', A" 7z}z} PS-
DAPhen -&2lol] H7lsllnt. 54 o248 FE= 10°Me]
=, Hel 10°M7R) B4s1e] dgsknh. 34 ool W7t
© ¥ PS-DAPhen®| ¥4 W35 S74sI3l)

#n o =8

PS-DAPhen2| M|=. H]'27]& X3sl= DAPhene % 3
AE A 3315921, 1,10-dimethyl-2,9-phenanthroline
=2 B4 7 A #s9 tH(Scheme 1).
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Scheme 1. Synthesis routes to DAPhen and PS-DAPhen.
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Figure 1. '"H NMR spectrum of the synthesized DAPhen in CDCl;.
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Figure 2. UV-vis absorption (solid) and fluorescence spectra (dot-
ted) of DAPhen in ethanol.

¥ 31E2 'Hb PC NMR, FTIRS 58] 3}tz 24
S Y351 21, PS-DAPhen A Z35}7] 93F DAPhen?]
Aol YERE ¥E 714} olRl7]= 'H NMRS &4l €
AdstaRem, 74z 5-5.5M1'E71)2t 8.73(eF17]) ppmel|A] L}
EPtH(Figure 1).
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Figure 3. (a) FTIR spectra of polystyrene (PS), DAPhen, and PS-
DAPhen; (b) Optical microscopic image of PS-DAPhen.

Hgate] §Qto g =AY =1
(Figure 2). ©]&18F 83 54 774} AJE)9] PS-DAPhen®
2 Azd o] Follk FAe Wdshs Ag Ikt

242 DAPhenS &9l x| &= B84 EZo)7] &
o] 1 @02 FgMofA] FE|(1N) o] AX|e= Aol Al

SH4] Ol—i, o|F A YAl E=Yste] ARSIt ol
573¢] DAPheng ZElelalls} gfo|z Fagate] B84 &
F 182} YRS A F5 21, DAPhen®] C=0(1680 cm™)
2} C=N(1580 cm™) 54 W=Z PS-DAPhendlA = &RI5IS
Th(Figure 3(a)). AP173 ARRIE ol 5 92 FHE Az
H g ERISHA, YA A7)= 1.7-22 um £EE UE
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tHFigure 3(b)). AFH YRR B0l FAbo] & Fo] =gl
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AP 2 FRE X3 F 10 7EAE A3sI3ITE PS-DAPhen
& DAPhen®] F3HTh= blue shiftshe] 485 nmollA &3-S
sl 54 73 Lo (Figure 4(a)), ZH2Fe] 45 o]
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Figure 4. (a) Changes in the fluorescence spectra of the PS-
DAPhen in the presence of various metal ions; (b) Comparison of
the fluorescence intensities of the PS-DAPhen with various metal
ions at a concentration of 1x10° M in aqueous solution. 7 and 1, cor-
respond to the intensity at 485 nm in the presence and absence of
metal ions, respectively; (c) Photographs of PS-DAPhen with var-
ious metal ions taken under UV light (365 nm).
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Scheme 2. Schematic illustration of sensing Cu (II) ions with PS-
DAPhen.
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Figure 5. (a) Effect of Cu (II) ion concentration (up to 5x10® M) on
fluorescence intensity ratio (//;) of PS-DAPhen; (b) Linear plot of
PS-DAPhen in the presence of Cu (II) ions (3x10° —6x107 M). [
and I, correspond to the intensity at 485 nm in the presence and
absence of Cu (II) ions, respectively.
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Figure 6. Changes in the FTIR (a); '"H NMR spectra (b) of PS-
DAPhen in the absence and presence of Cu (II) ions.
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St}(Scheme 2).

30 uMe] (1) o]0l =F=H PS-DAPhen®| 3371=
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