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Scheme 1 Preparation of the Eu-containing polystyrene microspheres
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ZHTIY; 25 [ Thermo Scientific 2> 7 ESCALAB 250Xi %! X §F£k St T AE% (XPS) {¥; H A H 7
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(TEM) , JEEHL & 200 kV ; JEE IR AT Zetasizer Nano ZS90 FI KK 18 K zeta WAL XTI ; 6 [H
TA AR Q20 BI/R Z Al & #3#1 (DSC) AL ; SEE TA AR Q50 BIFRE 74T (TCA) 1L, AR, THE
AR 10 C/miny HAEHEAH] UV-2700 BE40-T] UL (UV-Vis) 4006 EE T SEELHRER A ] F-2500
RGN
12 SHBREZHEEEKNESE

SRR 19178, RATCRILEER G T & SRR CEHER. B8R 80 mL ZEBKINA 250 mL
=BT, A N, T 70 CHEFE 30 min, BRERMAKZRTH O,. ¥4 8 ¢ KM (S) | 1 g HER
TR (MAA ) Fl—E 51 Eu( AA) ;Phen AR NI ; $E4E 15 min 5, FREGHRRRER (KPS) #K (0.1 ¢
KPS #F 10 mL Z&87K) AR B, F 70 CHEIRBERER N 24 h. KR =4t 80508, I 7
TR P28 B Uk ik 3 k. AR =40 60 °C E25 T8 24 h, 13 31 & 56 2K O ek 4 BlAR id b
n-PSEu-0~n-PSEu-5, FLRECRE A= Pt ReS ] T 3% 1.

Table 1 Composition, yield, stability and particle size of the Eu-containing polystyrene microspheres

Mass fraction of Eu-complex( % )

Microsphere ™ ol Actual” Coon (%) Stability Yeild( %) d?/nm pPDI! Z4/mvV
eoretical ctua
n-PSEu-0 0 0 37 Stable 91 208 0. 055 -26.9
n-PSEu-1 0.25 0.24 35 Stable 86 287 0. 057 -26.5
n-PSEu-2 0.63 0. 60 33 Stable 84 342 0. 064 -25.8
n-PSEu-3 1.25 1.19 32 Stable 81 384 0. 069 -25.7
n-PSEu-4 2.50 2.38 31 Stable 78 451 0. 081 -23.9
n-PSEu-5 3.75 3.59 24 Unstable 69 526 0.232 -17.6

a. Calculated according to feed composition based on the amount of styrene; b. calculated according to elemental analyses; c. determined by

acid-base titration analysis; d. determined by Malvern particle size and { potentiometer.
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AL R, R P BB S DAY b & R T BIE 5 i (3R 1) . B Eu(AA)  Phen HITERYSE I, 52
P B 5 PG (E R 25 (MO MR, ELRORAY ™ SN TR TR, GOk TR & 8 (C o) TR, &
BOHLRM £ AL TR, TTRFVBER G FEME TR, MORES REIE AR, ik, Mokikif2Hg
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Fig.1 SEM(A, B) and TEM(C, D) images of n-PSEu-0( A, C) and n-PSEu-4(B, D)

& 2(A) %451y n-PSEu-0 #l n-PSEu-4 i *C CP/MAS NMR #£&]. A] I, 2 Fhisieke 8 18, 30 #1178 &b
oy BB T —CH, (f) , —CH,(b) Fl—COOH ( g) Mk, PRI (CRIL | RIL) AT, —CH 1)
FEOEVE ST 3 BRAE 8 39(a) Rl 44 (e, h). HTHIRC G WM S EBAR, HAMERESS, H 5 WoR SRR g
frss . U, n-PSEu-4 7E 8 137 AMJ3K AT W, Phen 1 Cl (O4RAFIE. 18] 2(B) R ERTC A W SR 2 4
RRCIHWIRM FTIR B3, AT 0L 2 B & 5 R O8 CRTEORAE 1703 F1 3470 em™ AR AR H I T MAA HITHY
C =0 il O—H #E 3%, 7F 1450~ 1600 F1700~755 em ™ Ab L T F 3 ¢ = C Al C—H #R3hik; 16
3000 cm™' BT H B T —CH, Al—CH, B 4F1E . 5 n-PSEu-0 R[], n-PSEu-4 7€ 418 cm™' Zbif HHEL T
Eu—O Fl Eu—N M4FEIE, 5 Eu(AA),Phen A1l 7E XPS 3% &I [ 8 2(C) ~ (E) ] ™', n-PSEu-0 il
n-PSEu-4¥J7E 285 1532 eV AbHHEE C, A1 O, BIHFAEWE ; FFH., n-PSEu-4 7£ 399 F1 1140 eV &by 51 8L
T N, Al Eu,, RN, 2553101, B8 HAR S HROR OIRHER] I 2(A) 1A .
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Fig.2 "“C CP/MAS NMR spectra(A), FTIR spectra(B) , XPS scan survey(C) , Eu,, (D) and
N,,(E) XPS spectra of the Eu-containing polystyrene microspheres

Inset: chemical structural formula of the Eu-containing polystyrene microspheres. a. n-PSEu-0; b. n-PSEu-4; ¢. Eu( AA) ;Phen.
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TR CIRIRE DSC IhZ K] ST WA SCCHHE ) FroR. BE AL A Y0 54 =2 L 0 15 Hm
F2.5%, FHRRCRBORIBIEFEBIIE (T,) M 103 CEHHGINE] 117 °C (£ 2). X2 F N NIE
PRI SRR TTHY I, BN T 55 Bz sh AL RH, 8 35 5 R 28 IR ROk B s A % A8 TR T .
H FHBCA Y0 & K, 55 RIE CRHERI) TGA IhZE A DTG £ LT ES (K S2, WA #E
F). B8 Eu(AA) ,Phen FIAYHIIN, $OMEEC IR IR L (T,) FEEIREE (T,) BEFEAR (£ 2) . Uil
PR A5 ATE—E B LRRAR T SRR SRR AR M. (B3 8 R OR S Rk i S re A
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T 53t 106, 333 F1424 °C, RUIHAPERE 56 2 REW I HAEGH W F9EO6 14 245 2 AUl iy 1

Table 2 Thermal, luminescence and sensing properties of the Eu-containing polystyrene microspheres

Microsphere r,/%C T,b/C T,/C I“/a.u. 1073 Kqy ¢/ (mol - L71) LOD/( wmol - L)
n-PSEu-0 103 351 446 — — —
n-PSEu-1 106 360 442 14 5.93 5.1
n-PSEu-2 110 352 439 45 6.21 3.9
n-PSEu-3 114 351 436 85 7.45 3.2
n-PSEu-4 117 333 424 115 8.37 2.6
n-PSEu-5 — 249 416 119 8.71 2.7

a. Determined by DSC; b. the temperature at which 5% mass loss of the microspheres was reached from TGA; c. the temperature at the
maximum decomposition rate of the microspheres; d. the intensity of the emission peaks located at 616 nm, A, =300 nm; e. determined by

Stern-Volmer equation; f. limit of detection calculated according to equation: LOD=3S,/m.
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&, SHRE PR B LS B R ARk, BEE SHEC G S R RGN, B SRR IR TR Y RO kG
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Fig.3 PL excitation(A) and emission(B) spectra of the water-dispersed Eu-containing

polystyrene microspheres

Ay =0616 nm; A, =300 nm. Inset of (B): the fluorescence photographs of the water-dispersed Eu-containing polystyrene

microspheres( 0. 5 mg/mL) under UV-light irradiation. (A) a. n-PSEu-0; b. n-PSEu-1; c¢. n-PSEu-2; d. n-PSEu-3; e. n-PSEu-4;

f. n-PSEu-5. (B) a. n-PSEu-1; b. n-PSEu-2; c. n-PSEu-3; d. n-PSEu-4; e. n-PSEu-5.
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AL, Fe™ BEA ALK n-PSEu-4 BRI, PR (1,=1)/1, ] iBFN T 85%; W& & Jm e 1 X
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Fig.4 Fluorescence response profiles of n-PSEu-4 in aqueous solutions(0. 5 mg/mL) upon addition of different
metal ions( A) , ferric salts(B) and the mixture of Fe’* and different other metal ions( C)
All of the added ion concentrations are 1500 pmol/L. (A)a. K( I ); b. Ca( Il ); e. Mg( Il ); d. Fe(M); e. Co( T ); £ Ni( Il );
g Cu(Il); h.Sn(I); i Heg(M);j. Ph(Il )5 k. Mn( Il )5 1. Ag( T). (B) a. CI75 b. SO3; ¢. NO3; d. CH;€00™. (C) a. None;
b.K(IT);c Ca(Ill); d Mg(Il); e Co(Il); £ NiCIl); g Ca(I)5h.Sn( )i Hg(I);j.Pb(Il); k. Mn(Il); 1. Ag( T).
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¥ Fe* BN E] n-PSEu-4 7K HOR T, K EEEE AL (B 5) . B Fe™ e 1N
(0~1500 wmol/L), &Mk BB T FE. 24 Fe™ WK BE R 1500 pwmol/L B, %6 LT 58 B K. &
n-PSEu-4 K/ HOR DGR EE N 1, TN Fe®* |5 n-PSEu-4 K/ B ¢ G BE Ry 1, H(E (1,/1) 5
Fe* ¥ FETE 0~ 300 pmol/L #5396 /£ Stern-Volmer(SV) 7 : 1,/1=1+K, [ Fe® |, FFRLEIERR

(R*=0.9946, 141 5 R E]) . ARALLAIER 475 12 [T e
#] K 4 8.37x10° mol™ - L; 4% IUPAC ok A Lo e
(LOD=3S,/m) HHAS B KM R LOD 4 2.6 - sl N

pmol/L., 15 3CHR[ 13, 14 T4 Fe' 92561 £ ol N
BRBERHAR , TG T 5% R R BE {478 A g, O
PAHL X R IHIK A Fe™ 1 BRI & & (5. 4 2 ’

wmol /L) 1. B LA A B R, 0 I
%%%Z‘ﬁ%ﬁ;ﬁﬂ?ﬂ@%%ﬁﬁiﬁ ’ ,ﬂ\:Xd' F€3+ 580 600 620 640 660 680 700
AT I Ko S0, T LOD FRE(3£2). Mnm

LT DL , 0 PR B A AR Y = , Fig.5 Fluorescence response of n-PSEu-4 in aqueous
A HATE 5 H R OR LR OBk , Al solutions (0. 5 mg/mL) upon addition of Fe**
BRI K TP Fe™ By F i Tnset of the graph illustrates Stern-Volmer graph of n-PSEu-4.
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Preparation and Sensing Properties of Covalent-linked Europium
Complex Monodisperse Polystyrene Microspheres’

ZHANG Chunyan'*, LUO Jianxin®* , LI Wenjun®, OU Lijuan®,
YU Guipeng', PAN Chunyue'”
(1. College of Chemistry and Chemical Engineering, Ceniral South University, Changsha 410083, China;
2. Department of Materials and Chemical Engineering, Hunan Institute of Technology, Hengyang 421002, China)

Abstract  Covalent-linked Eu-complex monodisperse polystyrene microspheres were prepared by a simple
environment-friendly one-step soap-free emulsion polymerization. Styrene(St), FEu-complex monomer
[Eu(AA),Phen] and methacrylic acid (MAA) were separately selected as matric monomer, fluorescent
monomer, and water-soluble monomer. Meanwhile, Eu-complex monomer was also acted as cross-linked
monomer. The chemical composition and morphology of the copolymer microspheres were characterized by
“C CP/MAS NMR, Fourier transform infrared spectrophotometer ( FTIR) , X-ray photoelectron spectroscopy
(XPS) , scanning electron microscope (SEM) , transmission electron microscope( TEM) , particle size analysis
and zeta potential analysis. With the increase of Eu-complex content, the stability of the emulsion decreased,
and the particle size and its distribution of the polystyrene microspheres increased; meanwhile, the thermal
stability of the polystyrene microspheres was also decreased. Through regulating Eu-complex monomer content
(0.25%—2.5% , mass fraction) , the polystyrene microspheres feature a stable spherical morphology with a
narrow size distribution. Excited by ultraviolet light, the polystyrene microspheres can emit the characteristic
red light of europium ion. The luminescence of the polystyrene microspheres originates mainly from the
sensitization of ligands to europium ions, that is, the energy transfer from ligands to europium ions. Due to the
strong binding ability of Fe’* to N and O atoms, the coordination structure of Eu-complex has changed after
adding iron ions. As a result, the luminescence of the polystyrene microspheres can be quenched by Fe’* | and
the common anions and other metal ions have little interference. The quenching efficiency are linearly related
to the concentration of Fe’* ranged from 0 to 300 wmol/L. With the increase of the content of the europium
complex monomer, the fluorescence intensity of the polystyrene microspheres is enhanced, and the
fluorescence detection K, of Fe’" is increased, while limit of determent(LOD) is decreased. Regulating the
content of the europium complex, the monodisperse copolymer fluorescent microspheres exhibit excellent
thermal stability, strong red light emission, and high selectivity for Fe’* fluorescence detection, which have
high application value in biological detection and environmental protection.

Keywords Polymer microsphere; Europium complexe; Fluorescence sensor; Iron ion
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