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Preparation and Properties of Magnetic Fluorescent Nanomaterials
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Abstract Nanostructure acquiring multiple functionalities is emerging as a promising example for future functional materi-
als. Magnetofluorescent nanomaterials with rapid magnetic response and highly efficient luminescence reveal a great poten-
tial in practical applications, such as susceptive biosensor and targeted optical imaging. Taking the best use of magnetic prop-
erties and fluorescent properties of nanoparticles, a kind of nanocomposites was devised through assembling magnetic
nanoparticles with fluorescent nanoparticles. To date, some strategies have been developed to build various hierarchical
magnetofluorescent nanostructure by assembling quantum dots (QDs) and magnetic nanocrystals, such as encapsulation and
one-pot synthesis. Herein, we prepared a kind of magnetofluorescent nanocomposites by a new method based on electrostatic
interactions. On the basis of previous works, Fe;0, nanoparticles performed good magnetic properties and the multishell
quantum dots (CdSe/CdS/ZnS) showed excellent fluorescent properties. In our work, Fe;O, magnetic nanoparticles were
prepared through a high-temperature pyrolysis method and modified by coupling agent 3-aminopropyl triethoxysilane
(APTES). After process of protonation, the surface of Fe;04 magnetic nanoparticles was covered with a large number of posi-
tive charges. And the multishell quantum dots (CdSe/CdS/ZnS) which were prepared through layer-by-layer self-assembly
method were modified by mercaptopropionic acid (MPA). Through deprotonation, the surface of the multishell quantum dots
was covered with a lot of negative charges. Induced by intense electrostatic interactions, the modified Fe;0, magnetic
nanoparticles were assembled with the modified multishell quantum dots (CdSe/CdS/ZnS) into a type of magnetic fluorescent
particles. For rigorous study, the particles were characterized by the means of Fourier transform infrared spectroscopy
(FT-IR), transmission electron microscopy (TEM), X-ray diffraction (XRD), fluorescence spectrophotometer and vibrating
sample magnetometer (VSM). The FT-IR pattern and TEM figures confirmed the desirable core-shell nanostructure. The
nanocomposites performed well crystallization from the XRD measurement as to the original nanocrystals. The results of
fluorescence spectrophotometer and VSM confirmed the nanocomposites inherited both magnetic properties and fluorescent
properties well.
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Figure 1 The TEM images of APTES modified Fe;O, nanoparticles (a),
MPA modified QDs (b), magnetic fluorescent Fe;04-QDs nanoparticles
(c) and HRTEM images of Fe;0,4-QDs nanoparticles (d)
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Figure 2 The FT-IR spectra of Fe;O, nanoparticles (a) and APTES
modified Fe;O4 nanoparticles (b) and FT-IR spectra of QDs (c) and MPA
modified QDs (d) and composite particles (e)
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Figure 3 The XRD patterns of Fe;O, nanoparticles (a), Fe;O4 nanopar-
ticles modified by APTES (b), magnetic and fluorescent nanoparticles
Fe;04-QDs (c) and original QDs (d)
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Figure 4 The PL spectra of magnetic fluorescent nanoparticles
Fe;0,4-QDs in comparison to the original QDs and QDs modified by MPA
(a) and hysteresis loops of Fe;O4 nanoparticles, Fe;O4 nanoparticles mod-
ified by APTES and magnetic fluorescent nanoparticles Fe;04-QDs at 300
K (b)
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Figure 5 Photographs of magnetic fluorescent nanoparticles Fe;04-QDs

dispersed in water (a) and with UV irradiation (c) and those under an
external magnetic field without (b) and with UV irradiation (d)

3 it

KH APTES f&1ffi Fe;O, HATEANKKLF, 54 MPA
B I R T AT AL, 4 T A R K O
Fe30,-QDs B TE T 4K A A k. Fes04-QDs i MEDE
YR AL A ORLIN 5 6 RIFVEAE 624 nm Kb, WETEXIFR, =
W BAT HIREYERS. Fes04-QDs RiMEDE a4 KBk 48
SMIMBEHVE R, B P (i B E g, 78R4
SR, BEWE PR W SR LTk, A LG 5%

420  http://sioc-journal.cn

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

%WE%% XBIBENEDCARI L RT LUAE N —Fh 2 )
REPREL, 7EAEMIBE I HE ) YU 35 U AT FE W .

N
4

ARG

K S 2L, v LA o BT S S R AR —
SERIREE. HEUT) FesOg WA KURL. S=H 50 mL
1@@%@%*M¥am\%mmm@mmnmmn¢
FRIBIK, BREEINN 250 pL 3-F A3 = LA IR, fEAE
Eﬁ%m EVRIR FURARE T 24 h, 16 BRI Exr ke
nn BEAT A B, ORFFWAIRITS B0 T, Bk BiEw, JFH
LB UIHE 3 LA BR 2 431 APTES, 4k4E m) =4
TN 25 pL WidhiR, FRRETE A B, ERE 3 UG
PR3 RE YK ORE( Fe;0,-NHY ), AL/ 80T 2555 1
K.
I 10 mL 525 % H ¥ CdSe/CdS/ZnS #% 7t & T
REDTRW, NN 3 mL SRIENER, SR BCARAS iR,
%H%EWM1%W&*E¥5 NI AT
Ve, EBLLHLA LA 10000 r/min BEAT B0 B, % E
@&F% SERINGE, EARNEG 3 KA B e 22
P23 i1 pH=10 [) NaOH 7K¥¥ 5 mL, SiiJE N R0 1)
B AWK, 3R KEEE T A
(QDs-CO0").
T 5 mL FesO,-NHY fEEGKRL T /K, 0
10 mL [} QDs-COO /K ¥, Wi 2R 7E 2
mL/min, SEBERE, WIN5E RS RFEEEE 6 h, Wi B
FE BIE, LB TR 3 Wa, Bremamcr 8
TR, 15 20K 5 Bk R G T 9K B A kL
(Fe;04-QDs).

References

[1] Bishop, K. J. M.; Wilmer, C. E.; Soh, S.; Grzybowski, B. A. Small
2009, 5, 1600.

[2] Grzelczak, M.; Vermant, J.; Furst, E. M.; Liz-Marzan, L. M. ACS
Nano 2010, 4(7), 3591.

[3] Kim, J. Y.; Lee, J. E.; Lee, J. W.; Jang, H. Y.; Kim, S. W.; An, K.; Yu,
J. H.; Hyeon, T. H. J. Am. Chem. Soc. 2006, 45, 4789.

[4] Gao, J.; Gu, H.; Xu, B. Acc. Chem. Res. 2009, 42(8), 1097.

[5] Hu, L.; Ma, Z. Z.; Ji, M. W.; Zhang, L. X. Acta Chim. Sinica 2011,
69, 3028. (W17, DM, LW, KFIHE, 1L 4R, 2011, 69,
3028.)

[6] Yin, H. Z.; Liu, H.; Li, Y. Y.; He, X. W.; Chen, L. X.; Li, W. Y. Acta
Chim. Sinica 2005, 63, 734. (FYUt53, XM, Z=l i, 83, BR
BIAL, 230K, L FR, 2005, 63, 734.)

[7] Chen, Y.; Chen, H. R.; Zhang, S. J.; Chen, F.; Zhang, L. X.; Zhu, M.;
Wu, H. X.; Guo, L. M.; Feng, J. W.; Shi, J. L. Adv. Funct. Mater.
2011, 21, 270.

[8] Park, J. N.; An, K.; Hwang, Y.; Park, J. G.; Noh, H. J.; Kim, J. Y;;
Park, J. H.; Hwang, N. M.; Hyeon, T. H. Nat. Mater. 2004, 3, 891.

[9] Li, J. J.; Wang, Y. A.; Guo, W. Z.; Keay, J. C.; Mishima, T. D.; John-
son, M. B.; Peng, X. G. J. Am. Chem. Soc. 2003, 125, 12567.

[10] Sun, X. P.; Wei, W. T. Langmuir 2010, 26(9), 6133.

[11] Xie, R. G; Kolb, U.; Li, J. X.; Bache, T.; Mews, A. J. Am. Chem.
Soc. 2005, 127, 7480.

[12] Mopelola, I.; Emmanuel, L.; Tebello, N. J. Photochem. Photobiol. A:
Chem. 2008, 198, 7.

(Qin, X))

Acta Chim. Sinica 2013, 71, 417—420




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


