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ARTICLE INFO ABSTRACT

Arfiflf-’ history: Recent advances in nanoscale science and engineering have generated nanomaterials with unique optical
Recqved 20 January 2016 ) properties. Over the past decade, numerous fluorescent nanoprobes have been developed for highly sen-
Received in revised form 20 April 2016 sitive and selective sensing and imaging of metal ions, both in vitro and in vivo. In this review, we provide

Accepted 22 May 2016

Available online 11 June 2016 an overview of the recent development of the design and optical properties of the different classes of

fluorescent nanoprobes based on noble metal nanomaterials, upconversion nanoparticles, semiconduc-
tor quantum dots, and carbon-based nanomaterials. We further detail their application in the detection

ﬁ?grggg;t nanoprobes and quantification of metal ions for environmental monitoring, food safety, medical diagnostics, as well
Metal ions as their use in biomedical imaging in living cells and animals.

Noble metal © 2016 Elsevier Ltd. All rights reserved.

Upconversion nanoparticles
Quantum dots
Carbon nanomaterials

Contents
0T o T Lot (o) » I 310
Noble metal nanomaterials-based fluorescent nanoprobes for sensing and imaging of metal ions............cocoiiiiiiiiiiii it 310

(@00 ) o) Ta 30 1T t=1 I8 3 = V2 o) o U el S
Detection of metal ions in environmental and biological samples ....................c.coou..e
Imaging of metal ions within cells and in Vivo ............ooiiiiiiiii i i i
Metal NANOCIUSLETS. . . ..ttt ettt ettt ettt ettt ettt ettt e e e e e e e e e eeannnnns
Detection of metal ions in environmental and biological samples ............................
Imaging of metal ions within cells and in Vivo ...ttt
Upconversion nanoparticle-based fluorescent nanoprobes for sensing and imaging of metal ions
Detection of metal ions in environmental and biological samples ..............cccooviiiiiiiiiiiiiinnnn..
Imaging of metal ions Within Cells ANd iM VIVO . ......oie ittt ittt ettt ettt e e et e e e ee e et e e e e ae e et aaeeeeaaeeaannnns

Semiconductor nanoparticle-based fluorescent nanoprobes for sensing and imaging of metalions ..........covviiiiiiiiiiiiiiiiin it 316
L8 Ta (o] o< e 1R =T o 11 0 e ] 316
Detection of metal ions in environmental and biological SAMPIES .........uiiiiiiie ittt it iee e ieaeeeanns 317

Imaging of metal ions Within Cells aNd i VIVO ..........iii ittt ettt ettt ettt ettt et e e iee e ia e e eanns 318

10T TTe e LU 1 U 00 e (o} 3 320
Detection of metal ions in environmental and biological SAMPIES ..........iiiiiiiii i iee e ia e iaaeaeanns 320

Imaging of metal ions Within Cells aNd i VIVO . ......ouu ittt ettt ettt ettt e e et e e ee e ie e e aaaas 321

Carbon materials-based fluorescent nanoprobes for sensing and imaging of Metal i0NS. .........oouiiiiiiii i i i eennns 322
(@ 1y 7o) o e (o] R o Ua =4 = 5] 3 1S3 0 T L3 322
Carbon nanotubes and Graphene OXIAe . .........iiiiiit ittt et et ettt e et ettt et e et e e e e ettt e et e e e e e 323

[@00) o Tl LR B (o) A D Ua B A LU b <ot (o) o T3 326
el 14 s (00107 1T o o0 Y3 326
] 1) W) Lol L3 326

* Corresponding authors.
E-mail address: yi-lu@illinois.edu (Y. Lu).

http://dx.doi.org/10.1016/j.nantod.2016.05.010
1748-0132/© 2016 Elsevier Ltd. All rights reserved.


dx.doi.org/10.1016/j.nantod.2016.05.010
http://www.sciencedirect.com/science/journal/1748-0132
http://www.elsevier.com/locate/nanotoday
http://crossmark.crossref.org/dialog/?doi=10.1016/j.nantod.2016.05.010&domain=pdf
mailto:yi-lu@illinois.edu
dx.doi.org/10.1016/j.nantod.2016.05.010

	Fluorescent nanoprobes for sensing and imaging of metal ions: Recent advances and future perspectives
	Introduction
	Noble metal nanomaterials-based fluorescent nanoprobes for sensing and imaging of metal ions
	Colloid metal nanoparticles
	Detection of metal ions in environmental and biological samples
	Imaging of metal ions within cells and inprotect protect unhbox voidb@x penalty @M  {}vivo

	Metal nanoclusters
	Detection of metal ions in environmental and biological samples
	Imaging of metal ions within cells and inprotect protect unhbox voidb@x penalty @M  {}vivo


	Upconversion nanoparticle-based fluorescent nanoprobes for sensing and imaging of metal ions
	Detection of metal ions in environmental and biological samples
	Imaging of metal ions within cells and inprotect protect unhbox voidb@x penalty @M  {}vivo

	Semiconductor nanoparticle-based fluorescent nanoprobes for sensing and imaging of metal ions
	Undoped quantum dots
	Detection of metal ions in environmental and biological samples
	Imaging of metal ions within cells and inprotect protect unhbox voidb@x penalty @M  {}vivo

	Doped quantum dots
	Detection of metal ions in environmental and biological samples
	Imaging of metal ions within cells and inprotect protect unhbox voidb@x penalty @M  {}vivo


	Carbon materials-based fluorescent nanoprobes for sensing and imaging of metal ions
	Carbon dots and graphene QDs
	Carbon nanotubes and graphene oxide

	Conclusion and future directions
	Acknowledgments
	References


