2000 1 () 24 1

( , 200092)

Progress in Study of Biomedical Quantum Dots

HU Lang, WAN G Deping, YAO Aihua, HUAN G Wenchan

(School of Materials Science and Engineering , Tongji University ,Shanghai 200092)
Abstract Quantum dots(QDs) , with unique microstructure and physical chemistry properties ,is a kind of new
fluorescent materials. It has extensive application future in biomedical field. Through analysng synthes s technologies

and applied examples of heavy-metal QDs, the key implication and urgency of non heavy-metal QDs, lowly toxic and
highly biocompatiable quantum dots, are proposed. The recent progresses in synthess and future development per-

spectives of non heavy-metal QDs are a 0 presented.
Key words lowly toxic and highly biocompatiable QDs, synthess, applications

CdE (E=S S Te)

( CdSef znS )9 cd
(QDs) , Cd Cd*
’ [10,11]
2]
[3]
141 1
DNA/ RNA
(5]
(el Murray ,
, 350 (Trioc
, tylphosphine oxide, TOPO) ,
CdSe , CdSe
, Hines !
: r : CdSe/ ZnS ,
(0852nm05200) ; (50572072)

,1986 ,



73 -

TOPO

TOPO

Nie
CdSe/ ZnS

[14]

SOZ
S0
CdTe
, 902
Selvan
(17 %
MAA-CdSe
, S0,

CdSe

[17,18]

Rogach

[19]

CdTe
(TGA)
(TG)
Cd
n(Te)

50 %

Yu Feng Liao

CdTe

[16]

20 %)

Zn

CdTe

PA/ ZnS CdSe

Cos7 IH3T3
MAA/ CdSe

SO,

[7]

CdTe

(MPA

Te

pH

100

(8]

) L-

[13]

(TGA)

Kun Han

90,/ ZnSCdTe

TO-
CdSe

, Libchaber

[15]

S0,
CdTe

S0,/ CdSe,

Hep & 3
PA/ ZnS CdSe

SO

, 90

(L-Cys) 3
CdTe

Rui Yang

(

-1,2-
,n(Cd)
CdTe

( )

(500
700nm) , CdTe CdSe CdS Cd¥ ZnS CdSe/ ZnS
CdSe/ CdS

3 -1,2- 2- 3
[7.8.19]
!
2
Cd2+ ,
Guo
o1 Ful uronic68 ( F68)
(CATB) (D9 CdSe )
3 Hep G2
, 3
) , F68
CTAB DS Cho
2 4 (MPA-CdTe
CysCdTe NACCdTe CysCdSe/ ZnS
, 1@gmL
1h ,MPA-CdTe CysCdTe NACCdTe
,  CysCdSel ZnS
ZnS ZnSe  ZnO
2.1 ZnS
, 2
CdSe(1.7eV) CdTe(1.5eV) ; ZnS
(3.6eV) ZnSe(2.7eV) ZnO(3.4eV) ZnS
- VAN

CdSe )

[17]



74 - 2000 1 () 24 1
CdSe/ ZnS ,ZnS CdSe Zn0O
Cdse/ Zns ,
CdSe 22 - : ,
(Cy9) , CdSef ZnS , ZnO (0]
CdSe/ ZnS 3 ZnO ,
CdSe ZnS ZnO S0; Zn0O
Hui Li 10 : , , ,
3 (MPA) 46nm Huanming Xiong "
nS , 3 Zn0 @ ZnO @PMMA (
(MPS ZnS ) ZnO @PS( ) ZnO
3 (MPA) ,MPS , ZnO
, 42 %, MPS
Zn0O '
, M PA ,MPS , Zn0O
2
50
3h , 2
Li ® Zns (1)
DNA DNA
2 , :
32.9ng/ mL  24.6ng/ mL ,
2.2 ZnSe
ZnSe , (2)
2.7eV (460nm) , nSe ,
, , nSe , ,
) 1%,
, nSe
Shave ™ 100w
TGA ZnSe , ,
, 1 Shave
(TGA) , Zn*”*  NaHSe ZnSe
nSe ,
) 1 Bruchez M, Moronne M, Alivisatos A P, et a. semicon-
ZnSe TGA ductor nanocrystals as fluorescent biological labels [J].
g, " ZnSe Science,1998 ,281:2013
ZnS ZnSe 2 StephenJ Kennd , Jonathan D Woodward , et a. Thefate of
, ZnSe ZnS Mab-targeted Cd"™ Te/ ZnS nanoparticles in vivo [J]. Nu-
2.3 ZnO clear Medicine and Biology ,2008 ,35:501
ZnO Zn0O 3 WenJiang, Anupam Snghal , et al. Assessng near-infrared
, a=3.249,c=5. 206 guantum dots for deep tissue, organ, and animal imaging
Zn0O Zn 4 O , applications [J]. J Association Laboratory Automation,
3.37eV , 60meV , 2008 ,13(1) :6
(26meV) , 4 Cheng Fong Yu,Saprina Ping- Hsen Wang ,et a. Stabilizer-

ZnSe(22meV) ZnS(40meV) ,ZnO

free poly (lactide-co-glycolide) nanoparticles for multimodal
biomedica probes [J]. Biomaterial s,2008 ,29:2104



75 -

5 Zhong Liyun,Liao Wenteo ,et a. Detection the specific ma
rker of CD3 molecules of human periphera blood T lympho-
cytes usng SNOM and quantum dots [J]. Colloids Surf A:
Physicochem Eng A spects,2008 ,313-314:642

6 Xing Yun,S Minkyung, et a. Improved QD-BRET conju-
gates for detection and imaging [J]. Biochem Biophys Res
Commun ,2008 ,372 :388

7 , . [3].

,2005 ,17(5) :800

8 , , . CdTe

[J]. ,2008 ,24(2) 1296

9 Deng Dawei, Qin Yuanbin, et a. The selective synthes s of
water-oluble highly luminescent CdTe nanoparticles and
nanorods: The influence of the precursor Cd/ Te molar ratio
[J]. J Cryst Growth ,2006 ,296:141

10 Li Hui,Shih Wan Y, Shih Weiheng. Stable agoueous ZnS
quantum dots obtained using (3 mercaptopropyl) trime
thoxyvsilane as a capping molecule [J]. Nanotechnology ,
2007 ,18:495605

11 Li Hui,Shih Wan Y ,et a. Non-heavy-metal ZnS quantum
dots with bright blue photol uminescence by a one step aque-
ous synthesis[J]. Nanotechnology ,2007 ,18:205604

12 Murray CB, NorrisD J, Bawendi M G. Synthess and cha
racterization of nearly monodisperse CAdE(E = sulfur, sde
nium, tellurium) semiconductor nanocrystallites[J]. J Am
Chem Soc,1993,115:8706

13 Yu Fengliao ,Wen Jiangli. Synthess of CdSe quantum dots
via paraffin liquid and oleic acid[J]. J Zhgiang Univ i A,
2008 ,9(1) :133

14 Dubertret B, Skourides P, NorrisD J, et a. In vivo imaging
of quantum dots encapsulated in phospholipid micelles[J].
Science ,2002 ,298 :1759

15 Kun Han, Zheng Xiang, et al. Preparation of monodisperse
CdTe nanoctystal-SO: microspheres without ligands ex-
change[J]. Colloids Surf A: Physcochem Eng Aspects,

16

17

18

19

20

21

22

23

24

25

26

27

2006 ,280:169
Sdvan ST, Tan T T, et al. Robust, non-cytotoxic, slica
coated CdSe quantum dots with eficient photol uminescence
[J].Adv Mater ,2005 ,17(3) :1620

. CdSe/ ZnS

[J]. ,2007 ,35(7) :822
, .. CdsSe/ CdS
[J]. ,2006 ,18(3) :225
Rui Yang, Yu Xiyan, et a. A rapid and facile method for
hydrothermal synthess of CdTe nanocrystas under mild
conditions[J]. J Nanosci Nanotechn ,2006 ,6:215
Guo GN, Liu W, et a. Probing the cytotoxicity of CdSe
guantum dots with surface modification[J]. Mater Lett,
2007 ,61(8-9) :1641
Cho SJ, Maysinger D, Jan M, et a. Long-term exposure

1 ’

to CdTe quantum dots causes functional impairmentsin live
cells[J]. Langumir ,2007 ,23(4) :1974

, , . CdSe/ ZnS

[J1. ,2004 ,20(6) :664

Li Yongxin,Chen Jinlong, et a. Preparation and application

of cysteine-capped ZnS nanoparticles asfluorescence probein
the determination of nucleic acids[J]. Specrochim Acta Part
A :Mole Biomeolecular Spectroscopy ,2004 ,60:1719

Shavel A, Gaponik N, Eychmueller A. Hficient UV-blue
photol uminescing thiol-stabilized water-soluble alloyed ZnSe
(9 nanocrystals[J]. J Phys Chem B ,2004 ,108 :5905

, , .. ZnSe
pH (1. ( ) ,2007,
46(6) :817
) ) ZnO
[J1. ,2007 ,28(12) :2246
Xiong Huanming ,Xie Dongping,Guan Xiaoyan ,et a. Water-

stable blue-emitting ZnO @polymer core-shell microgpheres
[J]. J Mater Chem ,2007 ,17:24

( )

6x10°% 2.2mmol , 11.544 A - cm’ 2/ mmol

, 3%



