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WREIR B ThRB LR B Y, X — 2 IE T Fe,0,
REPERA LS AT REAT RN AR B RS, SCL T RN
Kbtk Z T REA M

DA R T HA SRR, T2 0
FF2hrIc . B Phbs 15 24 432 i 45 4 1> P
UL DY) B RE A ALYkl (AR %t
% (fluorescein isothiocyanate, FITC) #1 % J} B B
(thodamine B, RhB) %) "1 45745 (CdSe/CdS
Al a5 5 ) O DU 00 B4% (Y,04Eu’ |
Tb™ &) U2, o, RhB 2—28400K A Hla¢
ek, HASROGREREE, s RmE. Mk
e TR, DU RATE R A WISORn & 5
BT A BRI A gtk R RAF R A ekt
Wu L. Y. % PUFRI 2 FF R AT e 9oe g, e
RUELTANRE IR ET o AR AT LA He™ Pt
Sk ST BRI , W AR T L AR
EMER . AZHAME T, LiL.Q %™ &1 —
FoBn 2 5 A AL I o AR B vl ATE AR 9 1)
pH S FE P X Fe™ P fy, HA RAF vt g
R . SR, SO YURHER i s A AR
O3 F 2RI A RIS K AEDEIEEK, B2
HAF R, I+ H BAi e — AR E 2 o 2
TR, T RZIReM B RA HEE XL,

VER— T TBR B2 SR T ], ST REANK AL
BATE KON 1. 5 GREE AT REANK A BEAS
ICEA RN, & BT, AT LR i 52 30
EEHIRSEIARIC . D CREME T REGKAT R 12 R FH
FrAPy g 0 AR B M AL R
B, BB A EEE X, FEARIAERY
o [N A R RE AU S 40, A SRR s A 2
REAL TR R 0 BR 5h 1. Wang ML 25 P G Bk
fRAB 1) Fe;0,@Si0, 49K ik 5 CdTe & F i 4L
B, AT —F o9k EREr (Fe,0,@8Si0,/
CdTe-NH, ) o IZAOKIREN HAT A5 A A2 e,
AT DI R R AR R 1, TR S A R IR A 5 )
JEHEA T AGI . Wan H. Q. 45 P SRR 1B i £ B
WA KBRS Fe,O, 1BEXI, ¥ Fe,0, 5l
ANFE S T SRR IBGRE M 1) CdSe/CdS/ZnS 2
PrRIE, TG L R DR E AR BRANK
EHIIAK Fe,O, 4k ik A Je A AR HE T R
A S, T FeyO, A0KKI TR . i Sio,
f178 Fe,0, Boki, FFIH Si0, 2 i Bk ke bt 5746

PRI B2 ST 19 R XU E
b HIT Si0, 5828, Ay il a5 1 5 G AR
TR AR A s R 2 W FRAR, PR 1 AR 2R Siis iy
W WERANE T Si0, AL, e 26 i 4%
FERCBIREE AR F |, N RBOEREK, 9t
SREEAIL, XM E A FRCR BT i TR e
RS CHR T BB L PERURI B RS B, PRI X
LA RS/ i /) )l L1 i S G R T T

AWF SR %Ot B RB 5 B £ Z B
( polyethylene glycol, PEG) LA flHk, & ml—Fp
9¢ I 8 3% 1 1 M 77 PEG-RhB, i /5 #% PEG-RhB Xt
Fe,O, #7418, Wit Fe;0,-PEG-RhB 96 HETE
HAMEL, IRt Hmg v Re fPOL ke, TEREY -
)R AT S LI 5 G R 1 AUy R 4 KA1
45Ky, PEG 1N —Fh BAT Jo 5 Al R S A W AR 21 1Y
RIATEER], B THAARSREE, &1E Fe,0,
5 RhB Z [8)JE BA i s [ B f . 6] f, ] PEG-
RhB 17 Fe,0,, AJ LAl ks 2 8] itk (A
M, REkL - Z R B e, dE— Pk g kL
TZIAN TR IS

2 LIGERNY

2.1 SERES

ST K A (FeCl,-4H,0, 99%) . =&
WEAIKEY (FeCly6H,0, 99% ) . 4- —H g JLnit
B¢ ( 4-dimethylaminopyridine, DMAP, 99% ) . 1- 4
HE - (3- THIERE AN AL ) Bk R R ER (1-ethyl-
(3-dimethylaminopropyl)carbodiimide hydrochloride,
EDCI, 98.5%) . % —J#% 200 (PEG200) . ® &
T 400 (PEG400 ) , [ sE bRAEAERIEAT BRZA T,
% /K (NH,OH, 25%~28%) . RhB (AR) , Filfii ]
AR By A BR S W o Pl A S 36 3250 24 4 1 23 A
afi, Jodsik—Palifl, SR FE g LR K.
22 ERMNRBSREF

WG AR, HI-4B B, M5 g A g A PR A
Al; B RF, ATX224R B, H ARG HAH; B
OHL, TGl6-WS B, i g AL 5L 3 2 AU &R OT R A
PR w5 Fo8 T A, QZTDZF-6020 &, 7R 52Tl
L BTN A A PR A A X ST (X-ray
diffraction, XRD ) , Rigaku Ultima IV I, H A #f
2N wly B AR T AR S (Fourier transform
infrared spectroscopy, FTIR) , Nicolet iS 50 %Y,
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FERR G R B A\l A 7 B MEE (scanning
electron microscope, SEM ) , Zeiss Sigma 300 #Y,
TR 2R ) ey > vl Z A HL 1 R RE( transmission
electron microscope, TEM ) , FEI Tecnai G2F 20 1Y,
2% [E FEI 2~ wl; PR 80 A b #5831 (vibrating sample
magnetometer, VSM ) , LakeShore7404 #I, & [
LakeShore 2> ) 2¢ )G 6% 1Y, Hitachi F-4500 %Y,
HAH LAl 280 B8, Olympus 1X73 5,
HAS OLYMPUS 2%\l Al A= i M4 2 il ik R 458
FlowSense EO 2M AU, PR Pl ZhA w5 A igii
ARG, TY1000 7Y, AYPRAAMFEHAA R H]
23 TRHIE

K I3 UL UE 5 il % Fe,0p: ¥ 0.03 mol Y
FeCly-6H,0 #1 0.015 mol [ FeCl,-4H,0 #% F 100 mL
EETK FHRESERNERINE 90 ¢, P
TSRS35 25% 9 NH,OH 3% (10 mL) , FEJ]
FURFE TR ETURE, BIFIAE 90 CTHFE 1 h;
WUTTEY R 2B KB OE Bk 3 Ik, AEEBRER, &
JATE 50 CHRAFT HA T

PEG200-RhB 9 il % : # — % & ) RhB Al
DMAP # ## 76 30 mL 25 8§ 7Kk, 7E0 CF ik
30 min; fil A EDCI, 1E% it 51 T 4F 4 hs WA

(.2
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SRS PN bt Sy
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J S

RhB PEG

PEG200 J& FHl 2 50 °C, #4KZEJ2 i 48 hy K v ™
YIEERs 2iBMTAS (43T 500 Da ) HIFENT 48 h,
3% PEG200-RhB % . PEG400-RhB f4 il £ 1 72 7]
PEG200-RhB. PEG '/ £ 3L 5 RhB Hr 9 52 2k & A=
BaAb S, TR iR 2646 &%) PEG-RhB, 53 Il
K 1a.

Fe,0,-PEG200-RhB il & : #xHL 0.5 g 1) Fe,0,
fnA % 20 g # PEG200-RhB ¥ W H, 7E 50 °C R #HlL
B FE 24 hy MG TTEY) B 0K 3 G, BT 50
C K #E47 T 4%, Bl 4% Fe,0,-PEG200-RhB 44 >k il
Fi. Fe;0,-PEG400-RhB 44 K UKL il 5 12 P2 [F] Fe;0,-
PEG200-RhB., PEG-RhB ' [ ¥ %t 25 5 Fe,0, & 1
) F2 58 i A SVE L, {4145 PEG-RhB AR B 42 4% 3]
Fe,0, Z%1H, HHICIILILE 1b,

3 #RTIIE

3.1 YR

¥l 2a A Fe,O,. Fe,0,-PEG200-RhB # Fe,0,-
PEG400-RhB #MHE4K R T 1) XRD. MK 2a Haf A
WLEE W] AT R0 , TS AA 20 43 B0 T 30.27°
35.54° | 43.33° | 53.74° | 57.42° Fl62.71° Ab,
XEERTEF I IR T (220) . (311) . (400) .

PEG-RhB

a) PEG-RhB

-

Fe,0,-PEG-RhB

b) Fe;0,-PEG-RhB
1 PEG-RhB AR Fe;0,-PEG-RhB Kl & R IEE
Fig.1 Preparation of PEG-RhB and Fe,0,-PEG-RhB
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(422) . (511) A1 (440) &9 &, WEBA T
B8 T Fd-3m 23 [0 R 57 7 AR A 45 B, BT
A H7 R W6 34 5 Fe,O, B PDF #7 i H (JCPDS 88-
0866 ) H Ay, HEAMEEMEMATE, DL RIS
SAHAE T = 2l 0 R AT45 T 1Y) Fe, O, 9K IR
WG e [REE, BT ifil 45 1Y Fe,0,-PEG-RhB 44K
WOkL R 5 Fe,O, FHAIAIE,  HAR I 2 Ho Ao
FWI T PEG-RhB 0.5 Fe,0, 7, ShiARSs kIR &4
pheis P k34 XRD 455, I Scherrer 22 kA1 F
Brkide B, 15 2 kE 5 Fe,0,. Fe,0,-PEG200-RhB Fil
Fe,0,-PEG400-RhB ) F- 24 ki 42 43 51| A7 10.38, 10.79,
11.24 nm, AJ 0L, BEHZOCAE LR E IR,
SR AR A RS, ik — 2P 1 B Fe,O,-PEG-RhB
) L 4 o
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a) XRD

& 2b 4 Fe,0,. Fe;0,-PEG200-RhB il Fe,0,-
PEG400-RhB 4 1 9% K #i - 19 FTIR S, 7 T 566
em I BEAR A o I PR T Y AR TR Fe—O
RS B AT 3390 em™! I BOAMETE— AN
TE I, XTI T Fe,0, kL i—OH 3 [ 5K
43 F i —OH #E (1 1 47 4% 38 ¥, Fe;0,-PEG400-RhB
(R 4 fiR 2l e s B2 ] 4 K, X 4E—OH HERER 73k
H PEG-RhB. 13 F 1617 cm™" i BE Ak () W i s Xof 1
T —OH %t A/ $7 {1 4% 3. Fe,O,-PEG-RhB 7 i T
1617 em™ PRI A MG 538 132 I (2 A8, Xy PEG-
RhB H' COO—#E [ A X FRPL AR sh 5 ke i . 5
Fe,O, # ., Fe;0,-PEG-RhB fE 1157 F1 1232 cm™ %
BHbFAE R C—O—C RA R IRsh P, X ik—
HAEM T PEG-RhB WIS 7E Fe,O, 494K T |

Felod
—_— ——— ——
Fe,0,-PEG200-RhB —OH \f
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2 Fe;,0,. Fe,0,-PEG200-RhB #1 Fe,0,-PEG400-RhB i XRD #1 FTIR
Fig.2 XRD and FTIR of Fe,0,, Fe,0,-PEG200-RhB and Fe,0,-PEG400-RhB

3.2 WMER

& 3 /8 T Fe,0,. Fe,;0,-PEG200-RhB #il Fe,0,-
PEG400-RhB #EPEGN KN F IR TETES . dbiARZE 1,
PLICRLRE A3 A BT B o DN 3 mT LAV AE WS 3 1)
Fe,0, 4Kk 2 4 5 BRIk, 9ok ok ) 141 2%
FEIE R R AOK AT . it TEM & BLERAS 9Kk
FHYZEEE A 0.259 nm, XF T Fe;0, B9 (311 ) dhifl.
[FIERE, i ab e B oA BT AT LA Fey O, 40K ASURE
Y S 34 K742 29 9~10 nm. 2) Fe,O, 4 3 PEG200-
RhB &M )5, FLROWIE S &R B A8k, A
TEM K3, BAYORKT )2 B 0.302 nm, 5
Fe;0, AY (220) #& 1 A1 %N, §FE B T PEG200-RhB
BB 010 - AN 22 TS Fe, O, N K IBURE (1) S AR 25 4 o [F)
BF, MR 43 A B I o] LAE i, Fe;0,-PEG200-
RhB ¥ ¥ ki 42 5 J3 12~13 nm, 3) *4 PEG400-RhB
L5 Fe,O, YK BRI, 44K AT B 42 B S 08/

HoRR sy, AECERE . 76 TEM REE, HiAg>
YKk 72 A #E R 0.252 nm A1 0.479 nm, 43 %5
Fe,O, 1Y) (311) Fhiai Al (111) & e A E 4R, UERH
T Fe,O, MFREAFTE . MR /A BT EIAT LU Y
Fe;0,-PEG400-RhB k#2248 12~14 nm,
3.3 HWitERES R

& 4 /8 T Fe,0,. Fe;0,-PEG200-RhB Fil Fe,0,-
PEG400-RhB 4 44 K A 78 = 3l T W00 £ %) 1 i [m]
2o 3 PR SR AE I N A A R [0 R AL Ry ack T
(1 S Fifh<k B9, Fe,0,. Fe,0,-PEG200-RhB # Fe,0,-
PEG400-RhB #5 FY 8w 1143518 22.01, 16.57, 15.71
Oe, FEEAT N 2.64, 1.83, 1.91 emu/g, W] 3 Fpkf
YR AR A ey R g, EA R RGBT
Fe,0,. Fe;0,-PEG200-RhB Fil Fe,0,-PEG400-RhB Ff
sl PR R AL S 53 A 74.45, 68.55, 69.43 emu/g,
FH 3 Pk R EAT B R ARRRE  [IE XS T FeyO,-
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Fig.3 The images of SEM, TEM, HR-TEM and particle size distribution histogram

PEG-RhB 1fi 7, M FUWMZI AR T, AR5
TG AL SR E ST N, T SEAR GRS, AT L
WY INATFEAS0EIR Fe,O, MRETERE. Pl e
WG AR RLA BRI B, R sfa
PRI S MR A7 1) i e oy 2 o

80f ----- Fe,0,
sol Fe,0,-PEG200-RhB;
- = Fe,0,-PEG400-RhB.
40t
f 20F
'
E o0
) 7 = >
S o} > ////
o] . /
—40} o / AR
w7
2| ../ .
—60} 2 /
740 =20 0 20 40
—80} H/Oe
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4 Fe,0,. Fe;0,-PEG200-RhB ML & Fe,0,-PEG400-
RhB K EI%
Fig. 4 Hysteresis loops of Fe;O,, Fe;O,-PEG200-RhB and
Fe;0,-PEG400-RhB

3.4 FERMEESHT

¥l 5a 4 RhB. Fe,0,-PEG200-RhB Lk }% Fe,O,-
PEG400-RhB #4826 R S eig . FIH
W 554 nm WBCRIEIR 3 FIFE SO, 155
B R 500~700 nm K OGS, IR T 581 nm
b B8 3% H RhB, Fe,0,-PEG-RhB ¢ 3 & 51 58 Ji 1%
TR, B TEREAR A, XSt TR G0 KR T A7
7E, RhB &ADERARERER ™. Kl Sb~d 433X N
RhB. Fe;0,-PEG200-RhB #il Fe,0,-PEG400-RhB %1
YRR TR BT . 3 FRE S HAT B 9
PERE, ATLASEERSO G ] LA ) S W

6 S 6 2 FRE S 5 4 SR G2 T [ & Rk
2 mg/mL 2GR AN KL T 53 B0 P ) S )
K. THEAAMETR , 2CRETEIN KR T4 BOR - ]
RN A%, RS2 2045 B0 . AARAE R 1 A&
FHILEER (WK 6a) o 1F 234 mT #EH AT,
DECREEANRNL T2 BIRETIVERT, KA R B E T HE
g1, HEFAERIIMILRERT, WL T
HhHES, RACKRFREERR, FEmE—rmiEsh (W
& 6b) o DEICRETEN AT 1 B EE R FRUN A 6¢ BT o
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Fig.5 Fluorescence emission spectra and fluorescence microscope images of Fe,O,, Fe;O,-PEG200-RhB and Fe,O,-PEG400-RhB
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Fig. 6 The motion of fluorescent magnetic particles observed by optical system under the conditions of magnetic field and

simulation into a chain process diagram

- 74 -



DE TR, %
SRR T & B R H B

4 £

AHIEGE R I TTE B BUES A o . Al & 1Y
Fe,O, KK, Mk 1 H— RN KA T Sy A L 1A
AN 0 [ 32 BRAE ), B 56k PEG 5 RhB 3t
PrfREe, SR )5 o S EAE AT PEG-RhB B2 5 2
Fe,0, # i, Fe,0,-PEG-RhB & & 1 RHRLA% N 10~15
nm FIGUKER, 5], Bmiohiek, ARG
PEo IR, TEDEGA 60 B THRI O s T R
# Fe,0,-PEG-RhB M BFEAG R4 &G HERE, JFAE
W3 — IR AR SERT LI T i £ AR 98 SR AL
IREA AR T HEESSH . Fe,0,-PEG-RhB 2 G40
KL 149 B 3 ] 8 AN ASOGT 0 3 R 28 b1k g e L i AR
T AMHORAL Y R TR X, RTERh . 4%
o [l SOV B M S5 SR A 2B A Tl T AR 3 T -

S 3k

[1] ZHOU Q X, LIJ, WANG M Y, et al. Iron-Based
Magnetic Nanomaterials and Their Environmental
Applications[J]. Critical Reviews in Environmental
Science and Technology, 2016, 46(8): 783-826.

[2] ZHANG Q Q, YANG XY, GUANJ Q. Applications of
Magnetic Nanomaterials in Heterogeneous Catalysis[J].
ACS Applied Nano Materials, 2019, 2(8): 4681-4697.

[3] YILMAZ E, SARP G, UZCAN F, et al. Application
of Magnetic Nanomaterials in Bioanalysis[J]. Talanta,
2021, 229: 122285.

[4] KOC K, KARAKUS B, RAJAR K, et al. Synthesis
and Characterization of ZnS@Fe304 Fluorescent-
Magnetic Bifunctional Nanospheres[J]. Superlattices and
Microstructures, 2017, 110: 198-204.

[5] FATIMAH I, FADILLAH G, YUDHA S P. Synthesis
of Iron-Bbased Magnetic Nanocomposites: A Review[J].
Arabian Journal of Chemistry, 2021, 14(8): 103301.

[6] SOBCZAK-KUPIEC A, VENKATESAN J, ALHATHAL
ALANEZI A, et al. Magnetic Nanomaterials and
Sensors for Biological Detection[J]. Nanomedicine:
Nanotechnology, Biology and Medicine, 2016, 12(8):
2459-2473.

[7T YU S H, WANG Y, WAN Y Y, et al. Enhance
Antimony Adsorption from Aquatic Environment by

Microwave-Assisted Prepared Fe304 Nanospherolites[J].

Environmental Science and Pollution Research
International, 2023, 30(41): 94401-94413.

[8] LIANGY X, JIANG L, XU ST, et al. Synthesis and
Characterization of Fe;O, Nanoparticles Prepared by
Solvothermal Method[J]. Journal of Materials Engineering
and Performance, 2024, 33(13): 6804-6815.

[9] ZHU K, JU Y M, XU J J, et al. Magnetic
Nanomaterials: Chemical Design, Synthesis, and Potential
Applications[J]. Accounts of Chemical Research,
2018, 51(2): 404-413.

[10] BEHRENS S, APPEL I. Magnetic Nanocomposites[J].
Current Opinion in Biotechnology, 2016, 39: 89-96.

[11] GUL S, KHAN S B, REHMAN I U, et al. A
Comprehensive Review of Magnetic Nanomaterials
Modern Day Theranostics[J]. Frontiers in Materials,
2019, 6: 179.

[12] GAO H, ZHAO X, CHEN S J. AlEgen-Based
Fluorescent Nanomaterials: Fabrication and Biological
Applications[J]. Molecules, 2018, 23(2): 419.

[13] XIAODL, QI H X, TENGY, et al. Advances and
Challenges of Fluorescent Nanomaterials for Synthesis
and Biomedical Applications[J]. Nanoscale Research
Letters, 2021, 16(1): 167.

[14] HE X H, HU L Q, ZOU L S, et al. Enhanced
Fluorescence Properties of Flexible Waterborne
Polyurethane Films by Blocking Fluorescein
Isothiocyanate (FITC)[J]. Materials Letters, 2021,
293: 129668.

[15] WANG XY, LIU L, ZHU S X, et al. Preparation
of Organic Fluorescent Nanocomposites and Their
Application in DNA Detection[J]. Colloids and Surfaces
A: Physicochemical and Engineering Aspects, 2017,
520: 72-717.

[16] HEY F, CHENJ W, AN C Z, et al. Fluorescence
Characteristics of CdTe Quantum Dot Colloids Below
the Freezing Point[J]. Journal of Physical Chemistry C,
2021, 125: 9916-9922.

[17] LANJ W, CHENJY, LIN X, et al. Microfluidic
Generation of Magnetic-Fluorescent Janus Microparticles
for Biomolecular Detection[J]. Talanta, 2016, 151:
126-131.

[18] WANG S N, LIU S, ZHANG J Y, et al. Highly
Fluorescent Nitrogen-Doped Carbon Dots for the
Determination and the Differentiation of the Rare Earth
Element Ions[J]. Talanta, 2019, 198: 501-509.

-75 -



DE €1 %= = f PACKAGING JOURNAL
2025 £ 517 % 5 2 #iVol. 17 No. 2 Mar. 2025

[19] REINECK P, GIBSON B C. Bioimaging: Near-
Infrared Fluorescent Nanomaterials for Bioimaging and
Sensing[J]. Advanced Optical Materials, 2017, 5(2):
201770011.

20] 5 ¥, EWE, & R, F. WL BRSO
i 2 35 KOG % B AR B D L [0, A e m i,
2023, 15(5): 78-94.

[21] WU LY, WANG X, HUANG J, et al. Switch-
Type Near-Infrared Fluorescent Probes for Hg”" Based
on Rhodamines[J]. Journal of Photochemistry and
Photobiology A: Chemistry, 2022, 429: 113936.

[22] LIL Q, LIU Z H. A Colorimetric and Fluorescent Sensor
for Iron Recognition Based on Rhodamine Derivative[J].
Journal of Fluorescence, 2017, 27(2): 427-431.

[23] LUO C L, YU B, QI Q, et al. Construction of
Magnetic-Fluorescent Bifunctional Nanoparticles via
Miniemulsion Polymerization for Cell Imaging[J].
Colloids and Surfaces A: Physicochemical and
Engineering Aspects, 2021, 613: 126062.

[24] WU T, PAN HY, CHEN R B, et al. Preparation and
Properties of Magnetic Fe;O, Hollow Spheres Based
Magnetic-Fluorescent Nanoparticles[J]. Journal of Alloys
and Compounds, 2016, 689: 107-113.

[25] WANG M, FEI X F, LU S W, et al. Synthesis and
Characterization of a Flexible Fluorescent Magnetic
Fe;0,@S10,/CdTe-NH, Nanoprobe[J]. Journal of
Inorganic Biochemistry, 2018, 186: 307-316.

[26] WAN H Q, LI C, GAO Z, et al. Facile and Efficient

Synthesis of Magnetic Fluorescent Nanocomposites

Based on Carbon Nanotubes[J]. Ceramics International ,

2020, 46(7): 8928-8934.

BERTORELLE F, WILHELM C, ROGER J, et al.

Fluorescence-Modified Superparamagnetic Nanoparticles:

—
\S}
3

—

Intracellular Uptake and Use in Cellular Imaging[J].
Langmuir, 2006, 22(12): 5385-5391.

[28] LINGAMDINNE L P, CHANG Y Y, YANGJ K, et
al. Biogenic Reductive Preparation of Magnetic Inverse
Spinel Iron Oxide Nanoparticles for the Adsorption
Removal of Heavy Metals[J]. Chemical Engineering
Journal, 2017, 307: 74-84.

[29] YANG T, ZHAO Q, HU M, et al. Tribological
Behavior of Novel Core-Shell Fe;O,@PEG Nano-
Additives[J]. Tribology Letters, 2022, 70(4): 116.

[30] RODRIGUEZ-ARCO L, LOPEZ-LOPEZ M T,

DURAN J D G, et al. Stability and Magnetorheological
Behaviour of Magnetic Fluids Based on lonic Liquids[J].
Journal of Physics Condensed Matter, 2011, 23(45):
455101.

[31] HAJTALILOU A, FERREIRA L P, MELO JORGE
M E, et al. Superparamagnetic Ag-Fe,O, Composites
Nanoparticles for Magnetic Fluid Hyperthermia[J].
Journal of Magnetism and Magnetic Materials, 2021,
537: 168242.

[32] MOHAMMADI M A, ASGHARI S, ASLIBEIKI B.
Surface Modified Fe;O, Nanoparticles: A Cross-Linked
Polyethylene Glycol Coating Using Plasma Treatment[J].
Surfaces and Interfaces, 2021, 25: 101271.

[33] ANIL A C, GOVINDAN K, RANGARAJAN M, et
al. Synthesis of Poly (Ethylene Glycol) (PEG)-capped
Fe;0, Nanoclusters by Hydrothermal Method[C]//IOP
Conference Series: Materials Science and Engineering, [S.
1.]: IOP Publishing, 2019, 577: 012153.

[34] MALLICK N, ASFER M, ANWAR M, et al.
Rhodamine-Loaded, Cross-Linked, Carboxymethyl
Cellulose Sodium-Coated Super-Paramagnetic Iron Oxide
Nanoparticles: Development and in Vitro Localization
Study for Magnetic Drug-Targeting Applications[J].
Colloids and Surfaces A: Physicochemical and
Engineering Aspects, 2015, 481: 51-62.

[35] SAS S, DANKO M, BIZOVSKA V, et al. Highly

Luminescent Hybrid Materials Based on Smectites

with Polyethylene Glycol Modified with Rhodamine

Fluorophore[J]. Applied Clay Science, 2017, 138: 25—

33.

ANTARNUSA G, SUHARYADI E. A Synthesis of

Polyethylene Glycol(PEG)-Coated Magnetite Fe;0,

Nanoparticles and Their Characteristics for Enhancement

[36

[l

of Biosensor[J]. Materials Research Express, 2020,
7(5): 056103.

[37] ASRIN S, TETUKO A P, ESMAWAN A, et al.
Syntheses of Ferrofluids Using Polyethylene Glycol (PEG)
Coated Magnetite (Fe;0,), Citric Acid, and Water as the
Working Liquid in a Cylindrical Heat Pipe[J]. Nano-
Structures & Nano-Objects, 2021, 25: 100654.

[38] AREZW, RGN . ZIEREL B SO ERE T G a8k
KL HA R (], INPE R4 ( FARRRARR ), 2019,
42(2): 395-399.

[39] YINN Q, LI P, XU XL, etal. ADual-Functional

- 76 —



DE TR, %
SRR T & B R H B

Ferroferric Oxide/Quantum Dots Theranostic Characterization, 2021, 38(6): 2100043.
Nanoplatform for Fluorescent Labeling and
Photothermal Therapy[J]. Particle & Particle Systems (TS, B #)

Synthesis and Properties of Fluorescent Magnetic Nanoparticles

TONG lJingjing, XIE Tao, LI Xianggang, ZHEN Hongli, YIN Qianmei, FENG Yan

( College of Packaging and Materials Engineering, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: In order to realize the fluorescence magnetic bifunctionalization of nanoparticles, a bifunctional
composite material with high fluorescence superparamagnetism was successfully designed. The rhodamine B (RhB) dye
was covalently coupled with polyethylene glycol (PEG), and then the polyethylene glycol-rhodamine B (PEG-RhB) was
successfully bonded to the surface of the ferric oxide (Fe;0,) through the hydrogen bonding. An effective space barrier
was established due to the presence of PEG, which not only prevented the agglomeration of Fe;O, nanoparticles through
the magnetic dipole interaction, but also reduced the direct contact between RhB and the surface of magnetic particles.
Moreover, the chain structure of magnetic nanoparticles can be observed in real time under the condition of magnetic
field-gravity field coupling, which has great application potential in targeted therapy, fluorescence labeling and magnetic
fluid seal and so on.

Keywords: fluorescent magnetic nanoparticle; Fe;O,; fluorescence labeling; Rhodamine B(RhB)
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