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Scheme 1 The synthetic route of fluorescent core-cross-linked polymeric micelles based on salicylidene Schiff base

pendant-functionalized graft copolymer PHVB-graft-PEG via facile salicylaldimine-Zn®* complexation
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AR, CDCL g5 s 3G YRR AR X 07 e (M) RS 37 i 3 A1 (M, /M, ) il i3 Waters-Breeze
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R W AR s IR B2 O 35 °C, Wi i AH 4 THE, i3 Jy 1 mL/min; Brookhaven BI-200SM BY %) 55t
B ( 52 [E Brookhaven 24 H]) MR B2 25 °C, BI-OO0OAT YA AH AN , He-Ne 3Ot (K 532 nm) ,
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Fig.3 Size distributions ( measure by DLS at scattering
angle 90°) of the self-assembly micelles in ethanol
(0.6

before and after coordination with Zn’"

stoichiometric number of salicylaldimine moieties)
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IR 2o B R] 5 TREIR KA SRR , P R Zn® " B I S b R A B R R R 1 L (34K
#90.465/0.5,/193% . Bt WP S frs , B B R 5 s 20 i GO (5 il I T )
HER RSP 466 nm , 557K A e 5 FSBRAFIE £ 90 R AE RS — 3" o PHVB-grafi-PEG Ji3
PR IEAE S Zn " B FIRCIHI IS & A 28k, Bt TR R rh C=N 1) cis-trans 544
TR POETER ™ 11 Zn " B IR A BFLIE T C=N 1) cis-trans AL BTICHE

1.0 800
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e 0.4 27 i
0.8 £ A -
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o) \ I %
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& 4 PHVB-grafi-PEG B (0.2 /L) SERe S IPN &5 PHVB-grafi-PEG WAV HE (0.2 /L) 5

Zn* " B (0 ~0. 6 A2 T K A BE I IR i) 1) 2 1
WO AR AL 28 4 €] : PHVB-grafi-PEG/Zn* " &
HVEAAE 374 nm KL MG SN Zn®" B F
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Fig.4 UV-Vis spectra of PHVB-grafi-PEG in ethanol
(0.2 g/L) upon gradual addition of Zn** ions(0 ~0.6

stoichiometric number of the salicylaldimine moieties) ,

Zn® " B (0.6 fh2F K B IS Bk ) e 457 /i 1)
L. i &1 PHVB-grafi-PEG R 5 W) 1K 5
Zn® " BT (0.6 fBrF T RUK B I IR ) 1807 5 )5 1Y
AN (365 nm) IR A

Fig. 5 Fluorescence spectra of PHVB-grafi-PEG in
ethanol (0.23 g/L, 100 wmol/L) before and after

addition of Zn>* ions (0. 6 stoichiometric number of

salicylaldimine moieties ), Inset: Photographs for

PHVB-grafi-PEG in ethanol before and after addition

Inset: Job plot of absorbance at 374 nm

with Zn>* ions under UV illumination(365 nm)

$i AR -Zn® B ISR ERE 8 R 23850 LB A5 30 1 B A b K RS P43 1T L AT K o
FUFTE ISR AW, HHRLAR RN B oA 5 03 BRAT I ZEAS A ) (1 6) ik A i T58 )2 KB PEG (1=
()57 REL SOV, , e A7 52 3 R A A B JBE TR PN THTAS S M SR - oK 2 M), Zin™ B~ BB AN S L AN 532 e o
HSREEAT o S H AR, [ AR 20 BT HA L SR W i L350 THE I, 2 I URA T IR R B4
(18 FEE AP, T W 57 B RE I, R A TR PN 3 e < T o7 B S MK T A A, 3 o 8 3 52 1k 14 JE RO A
S PRI FH 2350 0 figp 2 R 5 ) BB T 2% o LA B ml i ad DLS I S L 5 W 3B ( TEM) 70 A 1%
FINESE . anl&l 6 Bz , SCHRBEARAE THF Hh i{pRiA2 29 133 nm, B7E L1 (29 106 nm) K (£9111 nm)



706 R e 2

F33 %

PRI R, IR T R THE S 3058 e o Y
s RS, At TEM BE 5] DL 2 AR 2 3k0F
IR AAAE (& T) o
2.3 PHVB-graft-PEG/Zn*" 55t K RL F3f Cu’*
BF Rt R 14

IKAG S i R/ Zn® " Pl A 9 B B IESE T L
Co’ ' BFRA BN, 5156 & A VXK, i
IBFN B RO Cu® B TR H T Wik,
LA - ARA3 1) PHVB-grafi-PEG/Zn® " 5 6 Ji ot 4 11
X Cu® " BT 5 Y6 R M 8 A RN R 4
& B X P A AE K Hr i O it 2k (1] 8) W]
DA i, PHVB-grafi-PEG/ Zn* " 5 5B 16 1 1t
PR C® B Fo A 1.0 fb2pit i Cd®t  Mg® |
Ni2+ \Pb“ \Ca“ \Hg“ \A13+ \Mn“ E,%%Hﬁ?ﬁﬁg
PHEHKER (1 - F/F,) £0.20 LLF, Co™* i34 K

—a— in ethanol
<R,>~106 nm
—e— in water
<R, >~111 nm
—4— in THF

A
\A
\ <R>~133nm

Intensity

1 1
100 1000
Hydrodynamic radius/nm

6 PHVB-grafi-PEG/Zn’" BOREH A LE L5 KA
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Fig. 6 Size distributions of the PHVB-graft-PEG/Zn’*
micelles(0.5 g/L) re-dispersed in ethanol, water and
THF

7 PHVB-grafi-PEG/Zn* " o [ P48 L (A) FIDU SUHERT ( B) B 43 B (9 S8 TEM H# -
Fig.7 Typical TEM images of the micelles re-dispersed in ethanol(A) and THF(B)
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BT AR & i F R R Cu® " 3 F 48 Zn’ " 7
TXPKAGIEE SR O N 573 30 1 5 5 S Y 4%
A, PRI % ' e R B IE A ol Zn J5 T 5
Cu®* B 7B T8 1 R 1 Cu—O , NTC o7 4, 3 fif
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4 Scheme 2 flf /v, Cu** B %} PHVB-grafi-PEG/
Zn® " TG I AR AR R SHEA T [ 5 T R 250 I
94, I H Rl I, PHVB-grafi-PEG/Zn” " B %<
FEISHR G50 B B Cu® ™ B A 1 K 7%
WIS . Y Cu® B FIA RS E] 1.0 fhF it (4
M J AT ) B, PHVB-grafi-PEG/Zn” " 58 6 i

blank micelles
micelles+Cd?**

300 micelles+Mg>
micelles+Ni**
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100 M\ micelles+Cu*

Emission intensity/a.u.

200 40 500 5% 600
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K8 PHVB-grafi-PEG/Zn®" Jfi 9 %t A ) 42 J@ 5 1
(100 pmol/L, A, =370 nm, A, =461.5 nm) f5¢ 5t
M 7 1

Fig. 8  Fluorescence response of PHVB-grafi-PEG/
Zn>* micelles(0.23 g/L, 50 pumol/L corresponding to
the salicylaldimine moiety in micelles solution ) to
different metal ions (100 pmol/L, A_ =370 nm, A, =
461.5 nm)
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Scheme 2 The fluorescent response mechanism of PHVB-grafi-PEG/Zn** micelles to Cu®* ions

WA C K ZE R 1% AE UV KTHGRETT 38 2k PR IR AT 355 b b WL %58 381) 5 't i B 1) 28 4k ( UL I 94 4 1) o
PL461.5 nm AbEIEEER R (1 - F/F,) Bl Cu®* B F AR 2L £ (B 9B) KR K1 - F/F, =
0.01789¢ +0. 01174 , &k PE L FE 7E 0 ~ 50 pmol/L(R* =0.9914,n =9) Z[&], % Cu®" B T4 F R ik
0.5 pmol/L, HBAh, 3% PRI L H BB FRMARES T Cu® " B FH7am It , H HIOLR R
it Cu®* B 0 ARG 37 R SVAE 5 min PN RIAT K BEAT . X Ui EE PEG X 7K b I JE ST ) 48 1 A
SR KA R DS BRBC A 0T Cu® BT I 5 6 1 1, A5 350t i3t T 9 6 I ol ) K v R R e 1k o
1, PHVB-grafi-PEG/Zn®* 5 G A0] 1 Ry 2e Yo At a1 /K R 2 ot Cu®* B F ik ikl

1.0

300F N

0.8

Cu*(eq.) 0.6

200

Emission intensity/a.u.

100

0 n n =7 —=.: . , ) . , ,
400 450 500 550 600 0 10 20 30 40 50 (ill}
e(Cu* M (umol - L")

K9 (A)PHVB-grafi-PEG/Zn’* IEHE I HHZHIMA Cu® BIF(0 ~ 100 pmol/L) 5 I & 5 i A5 Akl £
4Pl : PHVB-grafi-PEG/Zn** JE U 5 Cu®™ B (100 wmol/L) 1 FHT AT 19 5 4P 6 F (365 nm) 1y B8 A5 (B) 72
A =461.5 nmibFHEVERKF (1 - F/F,) Sl Cu®™ B FHE (0 ~50 pmol/L) AL L R A

Fig.9 (A) Emission titration of PHVB-graft-PEG/Zn>* micelles (0. 23mg/mL, 50 pmol/L corresponding to the
salicylaldimine moiety in micelles solution) in pure water with increasing amount of Cu’* ions solution (0 ~
100 pmol/L) ; Insets: photographs for PHVB-grafi-PEG/Zn** based nanoparticles in pure water before and after
addition with Cu®" ions solution( 100 wmol/L) under UV illumination(365 nm) ; (B) Fluorescence quenching ratio

(1 -F/F,) at461.5 nm as a function concentration of Cu’* concentration within 0 ~50 wmol/L range
- N
3 45

LA 2-F2 -5 MG HETR W (HVB) Oy B A | iy i B D REAL SR £ — W (mPEG-NH, ) WA RZIL &4,
i RAFT 5REG BOARIE -1 6 G S il 26 A2 A4 WA 0 BSCRARXE J Jorcd ml o ) 000 35 25 A K A T RS
KRB RE S H PSR NE PEG ALK I KSR 4590 PHVB-grafi-PEG . 31 F 413534 Fl 1B 728
ik AR MRS E AL 9Ot PHVB-graft-PEG/Zn” " S JG I A, LLH R 98K SN 2 , 767K T, ok
VER AL Cu™ B FHIVRIE (0 ~ 50 wmol/L {EFHN ) RN R , TR FBREE 0.5 wmol/L, 1iif HH &

SEAF B TR Cu " B PR POEMa R B T, L, PHVB-grafi-PEG/ Zn® " S SG I HRAT AR R 9% 1
B ATFE R Cu®* B FHEA RPN A B

2 % X M

[1] Plaquet A, Guillaume M, Champagne B, et al. Investigation on the Second-order Nonlinear Optical Responses in the
Ketoenol Equilibrium of Anil Derivatives[ J]. J Phys Chem C,2008,112(14) :5638-5645.

[2] Baleizdo C,Garcia H. Chiral Salen Complexes; An Overview to Recoverable and Reusable Homogeneous and Heterogeneous



708 I 533 %

Catalysts[ J]. Chem Rev,2006,106(9) :3987-4043.

[3] Lahiri D, Majumdar R, Mallick D, et al. Remarkable Photocytotoxicity in Hypoxic HeLa cells by a Dipyridophenazine
Copper( Il ) Schiff Base Thiolate[ J]. J Inorg Biochem,2011,105(8) :1086-1094.

[4] Cimerman Z, Galic N, Bosner B. The Schiff Bases of Salicylaldehyde and Aminopyridines as Highly Sensitive Analytical
Reagent[ J]. Anal Chim Acta,1997,343(1/2) :145-153.

[5] Sytnik A, Del Valle J C. Steady-state and Time-resolved Study of the Proton-transfer Fluorescence of 4-Hydroxy-5-
azaphenanthrenein Model Solvents and in Complexes with Human Serum Albumin[J]. J Phys Chem,1995,99(34) .13028-
13032.

[6] Zapata I, Caballero A, Espinosa A, et al. A Simple but Effective Ferrocene Derivative as a Redox, Colorimetric, and
luorescent Receptor for Highly Selective Recognition of Zn®* Tons[ J]. Org Lett, 2007 ,9(12) :2385-2388.

[7] Li N,Xiang Y, Chen X, et al. Salicylaldehyde Hydrazones as Fluorescent Probes for Zinc Ion in Aqueous Solution of
Physiological pH[J]. Talanta,2009,79(2) :327-332.

[8] Xu Z,Yoon J,Spring D R. Fluorescent Chemosensors for Zn>* [ J]. Chem Soc Rev,2010,39(6) :1996-2006.

[9] Wang L N,Qin W W, Tang X L, et al. Development and Applications of Fluorescent Indicators for Mg®* and Zn** [J]. J
Phys Chem A,2011,115(9) :1609-1616.

[10] Safin D A, Babashkina M G, Garcia Y. Crown Ether-containing Schiff Base as a Highly Efficient “turn-on” Fluorescent
Sensor for Determination and Separation of Zn>* in Water[ J]. Dalton Trans,2013,42(6) ;1969-1972.

[11] Khatua S,Choi S H, Lee J, et al. Highly Selective Fluorescence Detection of Cu** in Water by Chiral Dimeric Zn**
Complexes Through Direct Displacement[ J]|. Inorg Chem,2009,48(5) :1799-1801.

[12] Khatua S,Kang J,Churchill D G. Direct Dizinc Displacement Approach for Efficient Detection of Cu** in Aqueous Media
Acetate Versus Phenolate Bridging Platforms[ J]. New J Chem,2010,34(6) ;:1163-1169.

[13] Gou C,Qin S H,Wu H Q, et al. A HighlySelective Chemosensor for Cu>* and AI’* in Two Different Ways Based on
Salicylaldehyde Schiff[ J]. Inorg Chem Commun,2011,14(10) ;1622-1625.

[14] Sinha S,Koner R R, Kumar S, et al. Imine Containing Benzophenone Scaffold as an Efficient Chemical Device to Detect
Selectively AI’* [J]. RSC Adv,2013,3(2) :345-351.

[15] Upadhyay K K, Kumar A. Pyrimidine Based Highly Sensitive Fluorescent Receptor for AI’* Showing Dual Signalling
Mechanism[ J]. Org Biomol Chem,2010,8(21) :4892-4897.

[16] Zhou L, Feng Y, Cheng J H, et al. Simple, Selective, and Sensitive Colorimetric and Ratiometric Fluorescence/
Phosphorescence Probes for Platinum( II ) Based on Salen-type Schiff Bases[ J]. RSC Adv,2012,2(28) :10529-10536.

[17] Xu Y,Meng J,Meng L X,et al. A Highly Selective Fluorescence-Based Polymer Sensor Incorporating an ( R, R)-Salen
Moiety for Zn®* Detection[ J]. Chem-Eur J,2010,16(43) ;12898-12903.

[18] Song F Y,Ma X, Hou J L, et al. (R, R)-Salen/salan-based Polymer Fluorescence Sensors for Zn’* Detection [ J].
Polymer ,2011,52(26) :6029-6036.

[19] Hou J L,Song F Y, Wang L, et al. In Situ Generated 1:1 Zn ( I )-containing Polymer Complex Sensor for Highly
Enantioselective Recognition of N-Boc-protected Alanine[ J]. Macromolecules 2012 ,45(19) ;7835-7842.

[20] Li J F,Wu Y Z,Song F Y, et al. A Highly Selective and Sensitive Polymer-based OFF-ON Fluorescent Sensor for Hg**
Detection Incorporating Salen and Perylenyl Moieties[ J ]. J Mater Chem ,2012,22(2) :478-482.

[21] Song F Y, Wei G, Wang L, et al. Salen-based Chiral Fluorescence Polymer Sensor for Enantioselective Recognition of
a-Hydroxyl Carboxylic Acids[J]. J Org Chem,2012,77(10) ;:4759-4764.

[22] Xu Y,Zheng L. F,Huang X B,et al. Fluorescence Sensors Based on Chiral Polymer for Highly Enantioselective Recognition
of Phenylglycinol[ J]. Polymer,2010,51(5) ;:994-997.

[23] Cho Y S,Thn C S,Lee H K, et al. Synthesis and Properties of Ruthenium-Coordinated Block Copolymers of 2-Vinylpyridine
and Carbazole Derivatives[ ] ]. Macromol Rapid Commun,2001,22(15) ;1249-1253.

[24] Smith A P, Fraser C L. Luminescent Polymeric Ruthenium Complexes with Polystyrene-b-poly ( methyl methacrylate )
Macroligands : The Sequential Activation of Initiator Sites for Blocks Generated by Parallel Polymerization Mechanisms[ J].
J Polym Sci Part A ;Polym Chem ,2002,40(23) ;4250-4255.

[25] Cong Y, Fu J, Cheng Z, et al. Self-organization and Luminescent Properties of Nanostructured Europium ( I )-block
Copolymer Complex Thin Films[ J]. J Polym Sci Part B:Polym Phys,2005,43(16) :2181-2189.

[26] Chen B, Sleiman H F. Ruthenium Bipyridine-Containing Polymers and Block Copolymers via Ring-Opening Metathesis
Polymerization[ J]. Macromolecules 2004 ,37(16) :5866-5872.

[27] Wulff G, Akelah A. Synthesis of 5-Vinylsalicylaldehyde and a Simplified Synthesis of Some Divinyl Derivatives [ J ].
Makromol Chem ,1979,179 .2647-2651.

[28] Lai J T,Filla D,Shea R. Functional Polymers from Novel Carboxyl-terminated Trithiocarbonates as Highly Efficient RAFT
Agents[ J]. Macromolecules ,2002,35(18) :6754-6756.

[29] Wang Y,Goethals E J,Du Prez F E. Association Behavior between End-Functionalized Block Copolymers PEO-PPO-PEO
and Poly(acrylic acid) [ J]. Macromol Chem Phys,2004,205(13) ;:1774-1781.

[30] Xin Y, Yuan J Y. Schiffs Base as a Stimuli-responsive Linker in Polymer Chemistry[ J]. Polym Chem,2012,3(11) :3045-



6] TERITRE ST KRN SRS E PO IR IR A B B HOX B 5 1 IR i o 709

3055.

[31] Zhao L Y,Sui D,Chai J,et al. Digital Logic Circuit Based on a Single Molecular System of Salicylidene Schiff Base[ J]. J
Phys Chem B,2006,110(48) :24299-24304.

[32] WuJ, Liu W, Zhuang X, et al. Fluorescence Turn on of Coumarin Derivatives by Metal Cations; A New Signaling
Mechanism Based on C==N Isomerization[ J |. Org Lett,2007,9(1) :33-36.

Synthesis of Fluorescent Cross-linked Stabilized Polymeric
Micelles Based on Salicylidene Schiff Base/Zn>*
Complexes and Sensor for Cu’* Detection

HE Qiangfang””* , WU Yinghong", CAI Zhijian, XIE Wang"
(“Department of Chemistry ,Guangdong University of Education ,Guangzhou 510303 , China ;
"State Key Laboratory of Medicinal Chemical Biology ,Nankai University , Tianjin 300071 , China;
‘State Key Laboratory of Molecular Engineering of Polymers , Fudan University ,Shanghai 200433, China)

Abstract A well-defined polymer with pendant salicylaldehyde groups (PHVB) was achieved by reversible
addition-fragmentation chain transfer (RAFT) polymerization with S-1-dodecyl-S’-( a, o’-dimethyl-a"-acetic
acid) trithiocarbonate as the RAFT agent and a salicylaldehyde-functionalized vinyl monomer, 2-hydroxy-5-
vinylbenzaldehyde (HVB) in THF at 65 °C. The resulting well-defined polymer with pendant salicylaldehyde
groups can react directly with monoamine-terminated PEG( PEG-NH, , number-average relative molecular mass
2000 g/mL, 0.5 stoichiometric number of the —CHO group in PolyHVB) to afford an amphiphilic graft
copolymer bearing a pendant salicylidene Schiff base PHVB-grafi-PEG with 50% grafting density. These new
polymers were characterized by GPC and 'HNMR. Owing to the presence of hydrophilic PEG pendants,
PHVB-grafi-PEG is capable of self-assembling into nano-sized micelles with salicylidene Schiff base functioned
cores, PEG coronas in ethanol. Coordination of the pre-assembled PHVB-grafi-PEG micelles with Zn( OAc),
will endow the polymeric micelles with fluorescence features, and simultaneously the resulting luminescent
micelles may be stabilized by ionic cross-linking in consequence of the complex reaction at the core. Thus, the
luminescence properties and form of the obtained micelles were investigated by UV-Vis spectra ( UV-Vis) ,
fluorescence spectra( FLL) , dynamic light scattering( DLS) , transmission electron microscopy (TEM) . After
removing ethanol by drying, the resultant Zn’* coordinated particles can be re-dispersed readily in water or
common organic solvent to form a micellar solution, which display blue fluorescence with maximum emission
peak around 460 nm, indicating the same aggregate size ( nearly 100 nm) as before re-dispersion. The

" jon over other

obtained luminescent nanoparticles can be used as a highly selective fluorescent probe for Cu’
metal ions such as Cd* *, Mg>*, Ni’", Pb**, Ca’", Hg’*, AI’*, Mn’" in aqueous solution, and exhibit a
linear range of 0 ~50 wmol/L and detection limit of 0. 05 wmol/L Cu’* , respectively.

Keywords reversible addition-fragmentation chain transfer polymerization; aldehyde-amine condensation;

salicylaldimine/Zn*>* complexes polymers ;ionic cross-linking; sensor for Cu’* detection
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