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AR T AR, BLRALE. RIS, FIRARLR. MR
KK B0 KENARBEA, RETERTE, HET—RIRFHRRAE
WREFIR REE D IGUK B, HFUBFTE GBS, ROVEM B, XM
HiGt. G, RBOLHE. FORLHES) XMHIENARBMRRRE. RAM
GiRp#AT T RAE. PR T BAMORSNT R FOLMBLRIMADLIISE, HHOF
T REHRM B ERLESBET. HYNEYKS THHEERRA TN
RRS MW, HREMAGKSMEH R LR RRS ZHERXLESRE
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DRSS, LB, RERRRSIEEN, BHAEE SHLBEA
BV, KBEKINE, KBHAENEEF, KEERT CdSe XK. BidES
BA(TEM), B EHES BB HRTEM). X-STEATH (XRD)SM HEH T
TN, BB, AT RIIER RRS Sl Fob il REFHAT TR
HHREELEBETRABHNERILEX CdSe HXK AN RRS KW,

ZRRY, UREZHREEVEEF. H4 pH 11.2 & Cd:Se:KBH,:HiHE LM
=1.0:0.5:2.0:2.5 %M T, #HEMNLHKEREATE 24 nm, JOREPRFERHAE
BE%EN, EBRAMRNSEAXRHEKSFINE 277 nm F 556 nm &, SieFE
CdSe 44k #7E 320 nm 1 559 nm 4t F B A EUET 12

B3 T CdSe 41K & 5 Na(l). K(I)» Mn(Il). Cu(Il). Cd(II). Mg(Il). Ni(ID).
Zn(IT). Co(IN) 1 Cr(Ill) B F7EK¥ K+ R EIEFH REX R J6H RRS i #I%
Wi, 2 R F Y B KB 4K RS Cr(ID R R L= o] {5 5 6 B 1958, Cu(lD)
Sk RESFERZNRER, KAKEBEFHAKRBMTEMER, XAEK
VAR LA CdSe 4K S MRS ROLB R R AR RER € Cr(IIDA Cu(IDBIE T %
4. BE Cr(IDER H R A 17 ng/ml, {EXAE Cu(DRBERH.

| CdSe AIKBEZBEHT, FORABRAEBTL, BARMBEKMN 556 nm B
iﬁé 470 nm. 4 CdSe #1% &5 Zn(lD). Ni(I). Cr(lD). Cu(IN)R kT, 7E 407 nm
BHE B I F RS, %R IR & Zo(D)s Ni(ID)+ Cr(1ID)s Cu(ID),
5t Zn(IK PR R 26 pg/ml, BR, WTFEBEFHEEMERWKERN. B
FEEY, LRBETE - BEEWMBRESY, FH 407 nm FHERAK K.

BR, FAEKHBZBEBR T, CdSe ARRS5LEEBEFHRN, *f
RRS MM AEE, BRZNMTNANE.

EHRT CdSe 4k R S5HBAYE R BAELERNREM RRS W,
ZREW, HKRELRLERMNIEFBERARERX, BX RRS KEMAK.
RABKEN TR RCETREREBE, HAHMRA 34 ng/ml. X HLL CdSe 44K
A IBERE RAB R ZNE L REEQIE T &4,

= WA RAK R H & RIERIESRESRETRAYHEELERRNSR
J6# RRS HiEBH R



KAV ERABER, WRAMIE RAZHBEAWME SHEVRR, W
B RTRFKAH & CdSe/CdS K&, #Eid TEM. HRTEM. XRD %XH
G, TESRHET T RAE, LRk KA WG RRS il HotsH &
HTTHR. HHRFELSRETREEEHLEYI CdSe/CdS FXK AR ALH
RRS %MW,

#HRERY, CdSe:SKBH. 7 M $M=3.0:1.0:1.02.040 %4 T, MK
CdSe/CdS XK BARLE 4.1-6.5 nm, BERAFEENKN, REXBRMBKKS
HAE A FILTF 232 nm F 620 nm, FKIGHERIFIE R 39 nm.

WRT BARE X CdSe/CdS FKBINERMP W, SEREAME HHR
BIRT IRl RO IN, RAREH TR, AKREFRBZEHRIANTABLFRANE
W, RMEEFET, RAGBROELHSMR, XHEHETHR pH EX R
RaEm, &I pH ExTRGBIFERNEXN RGREIFRRNEZNE, K pH
EHBAEX R 8.95-11.2 Z [A].

R T CdSe/CdS 45 Cu(Il)s Mn(II)~ Hg(1I). Co(Il) Cr(IIl) Fe(Ill)
MALERRENRANERN. ERRE, SXREXELRETFRMUN, #5]
BHKSOTRER. XTERTLRHEFEENRELHNEWNEE,
SETAMEEMEXRY, REEREMREE, T LREFHRE R HE:
0.53 ng/ml (Cu(11))- 11.0 ng/ml (Mn(11))s 3.9 ng/ml (Hg(11))+ 2.0 ng/mi (Co(1I))
2.9 ng/ml Cr(II). 11.6 ng/ml (Fe(Ill)), Bk, XL CdSe/CdS 1EEREM M€ Lid &
FRIE T %1

5k FER, EHRT CdSe/CdS MK BERBMMHEERMS)NFRIAKEE
(AS)BEEBELRMERNESEANRAEHEW . ERRY, HHKE5LER
HE AR R ETOL AT R E AR, FRE-EEANERIERED
MRV AR IE B, X F LR 25404 Hi BR 43 58 18.7 ng/mI(MS). 25.8 ng/mI(AS),
X AE48 ) CdSe/CdS MRE R MR ET E LR A FTRE

SCHIRRFRT CdSe/CdS 492K M HFLIREFI RS ik 41, BSTIEALT 555
am A 298 nm &b, 4T 5 ERSRBEFRME, Mn(l). Hg(Il). Co(II)fE RRS
3%, 7 Cu(ll)f# RRS TR, 3 H RRS BEMBLSHENE FRKEE T
HRE4HXER, ARBETHRHMERARKIERK. B2 CdSe/CdS AXKEE
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VIS A1 AS fEFIET, AAESIE RRS MMM, # CdselCds #kARMFATF L
AR Z5MIH RRS S
=. BB RS . BRI SR ML RRS HlH5

PAEALER . R ARE, REZBRPABEFKEERTHLEHKE,
Wi BHEE. BAPEH AR, HRARIE. RKE. RATIE XY
LTS LR AK BT TRIE, TABRMAXGEERN 5 im £/, BIUK
Z. BLEHKRSEBRESZERE 19 d KRB TR MNBE 37 %iE3]
97 %, TiBATIHERHK (em) M 543 nm B ZE 510nm, % 33nm, TWEAE
KEE ACHBREED 10N A . ANFELRSKEFBERE —E Mt RmR | HH
(RRS),H B KBS AL T 554 nm MHE . B T LR SK B SHRERET K & 2 MR
M/NEERNAEERAXN AT RRS M. £RRH: YRERNERLEET
e, KAEKRBBBE RN RERKIFHE RRS HEHE, FEFRRIERM
RRS HBE—ENEEA SHEWHRERIEL, STFREMKEENRR/MNER
FHRHRAEA 3.4 ng/ml 1 2.6 ng/ml (FHAFEKE) X 152 ng/ml F 14.0
ng/ml (RRS #), HikEHBHREE. FHikAHARUEIKRRETORE TOREKX
B RRS M EREETRADOET &4

M. ARG RAK R NEE. RIEEERETHERARRTED S TARICHB
i

DVEALE. B, BIEWEANER, REZMAGER, KHEERRLRE
BB KGR, 8t TEM. HRTEM. XRD ZExtH4&W. ST TRIE, &Eid
FH N, KT LA RRS K5t HOL I FURIT TR IARESRE
Fxf CdTe/CdS ik KM RRS MM, FH4 CdTe/CdS FIK & TEYMHE
R RAEARIE

HREREN, 7 CATe R ZH=2:1:48 £H4T, &HH CdTe/CdS gX
R 6 nm, ERAERNTNE, KABFEUARET 98%. HEXBANEK
RSN BIRLTF 253 nm A 511 nm. pH MK BRAEWEK, BREN TR
HHR, 7 pH7.0-11.2 ZRIRKIETIE .

HRTUHARESSBETRNMSFREM RRS MW, SREHA
Cu(I). Co(II)« Ni(INF Cr(I¥ A ERAK ERRBREHRRIER, HPU
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HESBETHREREL, WFLEREBHREBESHE 1.0 ngml (Cu(1l)).
1.8 ng/ml (Co(I1))~ 3.5 ng/mi(Ni(1l))s 3.4 ng/ml(Cr(Il)). LA Cu(Il)AHI, BFR
TEEMRNEHENXFYROEW, RETEF —ENEEE, ATTAHHE
CdTe/CdS HKRMHRE RABREMNE LREF, FHR Cu(I)BFFEETE
i

gk Cu(Il)s Co(INF Ni(I)R R, FHAKAER RRS K, £—
SEVEFEN RRS BEESSBEFHREMREL, HERSTGEML, RRSERK
ERUR, REXRME.

¥ CdTe/CdS K BHTAEN S FHIE, ERRA, 4FILEAEEBSA). &
¥ IgG MBMENR IgC ZHEARYRESHKRES, FEARTHEER
Y. CdTe/CdS DK BMENR 1gC 4825, RET ZHEHE, RE5RIA
1gG MUE/EA SO Rt iRAl . 5EHR IgG 4&1H CaTe/CdS Ak, B BSA
HAMARRER KA, CdTe/CdS-£HR 136 REEE S THRKE CK19
WIIA IgG &6, EHRERiLiRE.

A WALTEHAMEAHEHRTEHHE. RIERKRIENETR

BT —MEEAKBER CuSe FRBMF ik, UUHRE., WRHANFHEL
R BERE RN R ER AT CuSe K d. B BEHHE. moHES
. X STRATE . ROLEBIES T AL EFRAN . RIET SRHAKER.
Cu,Se BW4AT %4, RFAK 20-40nm, % 10-20nm. Cu,Se 41K FAFHIRH
WHHB KBRS K BT 253 nm Hl 585 nm.

LT A B4 Eu,0 R R 5074, EREEMR (SDS) fEHT,
LT BRI AL, NIRRT REHE A BT Eu,0(CO5)2°H0 1 Ew05 44
Kk, BRBEHBE. BOPENEE. PEEE. XHEHHEFTRLT. R
T B —%7= 5. B0 JekEERY 80-300 #K, KA 1-5 oK. RKH
T HR T BIUE . Bu0; SRR KR AKALT 3170m, RAKH 470m,
SHHHBHRFREMN. Euy0; SKEELE 329nm 1 617nm EILH RIGHE.

R GKARE BRIF TR . EREFKEHRETZ W T B
S54RBET. HYNEMKITFHRNEES . SEHNE R ERRESEST
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Abstract

Study on the Syntheses, Characterizations,
Fluorescence and Resonance Rayleigh Scattering

Spectra of the Nanocrystals

Analytical Chemistry Doctor Postgraduate: Tai-shan Li

Supervisor: Professor Shao-pu Liu

Abstract

Due to volume effect, surface effect, quantum size effect and macroscopic
quantum tunneling effect, nanomaterials exhibit unique physical and chemical
properties. Therefore, with broad prospects for application in many fields, they have
become a hot and advanced research realm. Recently, more nanomaterials have been
applied to analytical chemistry, in which nanoprobes and nano optical sensors
developed by using their spectral characteristics have attracted much attention. Besides
the application in ultraviolet-visible absorption spectra and fluorescence spectra
analysis, other spectroscopic applications have also drawn considerable notice.

Resonance Rayleigh Scattering (RRS) is a new analytical technique developed in
1990s. RRS is related to both the compelled vibration of the electrons in molecule and
the electronic energy level transitions under the effect of the incident light
electromagnetic field. Therefore it can offer more information about molecular structure
and conformation, charge distribution, linkage nature as well as the reaction
characteristics and so on. More attention has been paid to RRS method, since it is very
sensitive and simple in monitoring some ions, some drugs and biomolecules. It has been
also applied in the characterization and analysis of nanoparticles.

In this thesis, the synthetic methods of cadmium selenide, cadmium selenide/
cadmium sulfide, cadmium telluride, cadmium telluride/ cadmium sulfide, cuprous
selenide nanocrystals (NCs) and europium oxide nanorods were researched, and some
nanocrystals with fine optical properties and reactivities were obtained by optimized

synthetic methods. The size, structure and conformation of the nanocrystals prepared
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were characterized by various methods (transmission electron microscopy (TEM),

high-resolution transmission electron microscopy (HRTEM), X-ray diffraction (XRD),

infrared absorption spectrum (IR)). The properties of ultraviolet-visible absorption
spectra, fluorescence spectra and RRS spectra of the NCs were investigated. The
interactions of the NCs with some metal ions, drugs and biomolecules and the effect of
the interactions on fluorescence and RRS spectra were examined. The possibility of the
determination of metal ions, drugs and biomolecules by exploiting nanocrystals as
fluorescence and RRS probes was explored. Therefore, it provides better conditions for

further application of NCs probes in analytical chemistry.

1. Study on syntheses, characterizations of cadmium selenide NCs and effects of
their interactions with some metal ions and drugs on fluorescence and RRS spectra

Cadmium selenide NCs were obtained by the reaction of Cd(II) with Se(I), with
aqueous or aqueous ammonia solution as solvent, KBH, as reducer, selenium powder
as selenium source, cadmium chloride as cadmium source and sodium mercaptoacetate
(SMA), sodium mercaptosuccinate (SMS) and sodium citrate (SC) as wrapper. The
structure and conformation of the NCs were characterized by TEM, HRTEM and XRD.
The properties of ultraviolet-visible absorption spectra, fluorescence spectra and RRS
spectra of the NCs were investigated. The effects of some metal ions and
anticarcinogen doxorubicin hydrochloride (DH) on fluorescence and RRS of CdSe

NCs were also studied.
Among the wrappers, sodium mercaptoacetate (SMA) showed the best capping

effect. CdSe NCs prepared under the conditions of Cd:Se:KBH4:SMA =1:0.5:2.0:2.5
and pH11.2 showed higher intensity of fluorescence and the clear edge of the NCs. The
average diameter of the CdSe NCs was 2-4 nm. The maximum excitation and emission
wavelengths were about 277 nm and 556 nm. The RRS peaks of CdSe NCs were
located at about 320 nm and 559 nm.

The interactions of CdSe NCs with certain metal ions in aqueous solution, such as
Na(l), K(I), Mn(Il), Cu(Il), Cd(II), Mg(Il), Ni(Il), Zn(IT), Co(Il), Cr(III), and the
effects of their interactions on fluorescence spectra and RRS spectra were investigated.
The results indicate that Cr(IIl) can enhance the fluorescence greatly, while Cu(Il) can
result in the quenching of fluorescence of the NCs. The other ions have little influence

VI



on the fluorescence. This offers the possibility of determinations of Cr(III) and Cu(II)

using CdSe NCs as fluorescence probe. The detection limit for Cr(IIl) was 17 ng/ml,
however the determination sensitivity of Cu(II) was relatively lower.

In alcohol solution, fluorescence peak of CdSe NCs shifted from 556 nm to
470nm. While the NCs reacted with Zn(II), Ni(II), Cr(IIl), Cu(II), and a new peak
appeared at 407nm. The order of the fluorescence intensity was CdSe-Zn > CdSe-Ni >
CdSe-Cr > CdSe-Cu. The detection limit for Zn(II) was 26 pg/ml. Obviously,
selectivities of interactions of metal ions with CdSe NCs in alcohol were poorer than
those in aqueous solution. It was also found that the interactions of above ions with
8-Hydroxyquinoline (HQ) could cause fluorescence quenching at 407 nm.

However, whether in aqueous or alcohol solution, the effects of metal ions on the
RRS of CdSe NCs were unobvious. Therefore, the RRS methods mentioned above can
not be applied in analysis.

The effect of the interactions of doxorubicin hydrochloride (DH) with CdSe NCs
on fluorescence and RRS was also studied. The results indicated that DH could result
in the fluorescence quenching of the NCs, on the other hand, DH has little influence on
the RRS spectra. That fluorescence quenching method exhibited high sensitivity and
the detection limit for DH was 34 ng/ml. This provides a feasibility for utilizing CdSe

NC as fluorescence probe to determine DH.

2. Study on syntheses, characterizations of cadmium selenide/cadmium sulfide
nanocrystals and effects of their interactions with some metal ions and drugs on
fluorescence and RRS spectra

Cadmium selenide/cadmium sulfide NCs were prepared by the reaction of Cd(1l)
with Se(Il) and S(II), with water as solvent, KBH, as reducer, selenium powder as
gelenium source, cadmium chloride as cadmium source, thioacetamide as sulphur
gource and sodium citrate (SC) as wrapper. The structure and conformation of the NCs
were characterized by TEM, HRTEM and XRD. The properties of ultraviolet-visible
absorption spectra, fluorescence spectra and RRS spectra of the NCs were investigated.
The effects of some metal ions and aminoglycoside antibiotics on fluorescence and RRS
of CdSe/CdS NCs were also studied.



As the results indicated, CdSe/CdS NCs prepared under the conditions of Cd:Se:
S:KBH,:SC=3.0:1.0:1.0:2.0:4.0 showed higher intensity of fluorescence and the

average diameter of the NCs was 4.1-6.5 nm. The maximum excitation and emission

wavelengths were about 232 nm and 620 nm. The fluorescence peak width at half
height was only 39 nm.

The effects of normal room light on the fluorescence characteristics of the CdSe
/CdS NCs were investigated. It was found that the intensity of fluorescence of the NCs
increased with the time extension. The exposed atmosphere of the NCs solution had
great influence on fluorescence. The fluorescence was more enhanced under air than
that under nitrogen. The effects of pH on the intensity of the fluorescence were also
investigated. It was found that pH value had an obvious influence on the characteristics
and intensity of the fluorescence. In pH 8.95-11.2, the fluorescence intensity was high
and stable.

The influences of the interactions of CdSe /CdS NCs with Cu(Il), Mn(Il),

Hg(1I), Co(1I), Cr(IIl) and Fe(III) ions on fluorescence and RRS were investigated. It
was found that the above six kinds of ions caused the fluorescence quenching. The
conditions of interactions of the NCs with the ions were optimized. The correlation
coefficients and linear ranges were obtained. The interactions had high sensitivities and
the detection limits were 0.53 ng/ml (Cu(Il)), 11.0 ng/ml Mn(Il)), 3.9 ng/ml
(Hg(11)), 2.0 ng/ml (Co(1I)), 2.9 ng/m! Cr(1ll) and 11.6 ng/ml (Fe(Ill)). This offers
opportunities to determine above ions using CdSe /CdS NCs as fluorescence probe.

The interactions of CdSe/CdS NCs with micronomicin sulfate (MS) and amikacin
sulfate (AS) and its influence on fluorescence were investigated respectively. It was
found that MS and AS could enhance the fluorescence of CdSe/CdS NCs in varying
degrees. Under optimum conditions, the increased intensities had linear relationship
with the concentrations of MS and AS. The detection limits for MS and AS were 18.7
ng mL"! and 25.8 ng mL™. This provides opportunities to determine aminoglycoside
antibiotics using CdSe /CdS NCs as fluorescence probe.

The resonance Rayleigh scattering (RRS) of CdSe/CdS NCs in aqueous solution
was investigated. The scattering peaks were located at about 555 nm and 298 nm. It was

found that Mn(II), Hg(1I) and Co(II) ions increased the intensity of RRS of the NCs

and Cu(Il) ions decreased the intensity of RRS. There were linear relationships



between the intensity of RRS and the concentration of the ions. But the detection limits

for the ions of RRS method were lower than those of fluorescence quenching method.
AS and MS did not cause the obvious change of RRS of CdSe/CdS NCs, so that the
NCs could not be used to determine MS and AS by the RRS method.

3. Study on syntheses, characterizations of cadmium telluride nanocrytals and
effects of their interactions with some drugs on fluorescence and RRS spectra

Cadmium telluride nanocrystals (NCs) were achieved by reaction of CdCl; with
KHTe solution and were capped with sodium mercaptoacetate. The products were
characterized by TEM, HRTEM, energy dispersive spectroscopy (EDS), XRD,
fluorescence spectra and ultraviolet-visible spectra. The CdTe NCs were of cubic
structure and the average size was about 5 nm. The fluorescence quantum yield of CdTe
NCs aqueous solution increased from 37% to 97% after 20 days under room light. The
maximum of fluorescence (Aem) changed from 543 nm to 510 nm and the blue shift was
33 nm. The CdTe NCs aqueous solution can be kept stable for at least 10 months under
4 C in refrigerator. The resonance Rayleigh scattering (RRS) of CdTe NCs in aqueous
solution was investigated. The maximum scattering peak is located at about 554 nm.
The interactions of CdTe NCs with amikacin sulfate (AS) and micronomicin sulfate
(MS) were investigated respectively. The effects of AS and MS on fluorescence and
RRS of CdTe NCs were analysized. It was found that AS and MS could result in the
fluorescence quenching of CdTe NCs and RRS enhancement of CdTe NCs. Under
optimum conditions, the fluorescence quenching intensity and the enhanced RRS
intensty had linear relationship with the concentration of AS and MS, respectively. The
detection limits for AS and MS were 3.4 ng mL", 2.6 ng mL" for fluorescence
quenching method, 15.2 ng mL?, 14.0 ng mL" for RRS method, respectively. The
methods have high sensitivities so that CdTe NCs can be used as fluorescence probes

and RRS probes for the determination of aminoglycoside antibiotics.

4. Study on syntheses, characterizations of cadmium telluride/cadmium sulfide
nanocrytals and their interactions with some ions and labeling of biomolecules

Cadmium telluride/cadmium sulfide NCs were prepared by the reaction of Cd(Il)
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with Te(I), with water as the solvent, KBH, as reducer, tellurium powder as tellurium
source, sodium mercaptoacetate as sulphur source and wrapper. The structure and
conformation of the NCs were characterized by TEM, HRTEM and XRD. The
properties of ultraviolet-visible absorption spectra, fluorescence spectra and RRS
spectra of the NCs were investigated. The influences of the interactions of CdTe /CdS
NCs with some ions on fluorescence and RRS were examined. CdTe/CdS NCs were

used for specific labeling of bio-material.
The CdTe/CdS NCs prepared under the conditions of Cd:Te:SMA=2:1:4.8 showed

higher intensity of fluorescence. The average diameter of the NCs was about 6 nm. The
fluorescence quantum yield was 98%. The maximum excitation and emission
wavelengths were about 253 nm and 511 nm, respectively. The effect of pH value on
fluorescence of the NCs was examined. It was found that in acidic medium, the
fluorescence of the NCs was quenched and in pH 7.0-11.2, the fluorescence was the
highest and stable.

The influences of the interaction of CdTe /CdS NCs with some ions on
fluorescence and RRS were investigated. It could be seen from the experiments that
Cu(11), Co(11), Ni(II) and Cr(IIl) ions resulted in fluorescence quenching in varying
degrees, among them, Cu(ll) exhibited the greatest quenching effect and the others
were in the order of Co(II)> Ni(1I)>Cr(IIl). There were linear relationships between
intensity of fluorescence and the concentration of the ions. The detection limits for the
ions were 1.0 ng/ml (Cu(Il)), 1.8 ng/ml (Co(ll)), 3.5 ng/mI(Ni(1l)) and 3.4
ng/ml(Cr(II1)). Taken Cu(Il) as an example, the optimum reaction conditions and the
influences of the coexisting substances were investigated. It was found that the
fluorescence quenching method had certain selectivity, which offered a sound basis for
the determination of the above ions, esp. Cu(Il) by utilizing fluorescence quenching

method using CdTe /CdS NCs as fluorescence probe.

When CdTe/CdS NCs reacted with Cu(Il), Co(II) and Ni(II), the intensity of
RRS decreased. It was found that there are linear relationships between the intensity
changes of RRS and the concentrations of ions in certain ranges. Compared with

fluorescence methods, the sensitivities and the correlation coefficients of the RRS
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methods were lower.

The CdTe/CdS NCs were used to label biomolecules. It was found that the
CdTe/CdS NCs could combine with BSA, rabbit anti-goat IgG and goat anti-mouse
IgG and made the proteins showed green fluorescence. The combination of CdTe/CdS
NCs with goat anti-mouse IgG could keep the second antibody activity and their
binding with mouse anti-human IgG could attain specific recognition. Using BSA to
enclose the active points on the surface of the CdTe/CdS NCs binded by goat
anti-mouse IgG , it could combine with CK19 mouse anti- human IgG on the surface
of cells to realize the fluorescence labeling of the cells.

§. Study on syntheses, characterizations and fluorescence spectra of Cu;Se
nanocrystals and Eu;O; nanorods

A simple new method under normal room temperature has been developed to
prepare cuprous selenide NCs by the reaction of copper nitrate trihydrate with selenium
and sodium mercaptoacetate in aqueous ammonia system. Cu;Se NCs were
characterized by TEM, HRTEM, XRD, electron diffraction (ED), fluorescence spectrum
and ultraviolet-visible absorption spectrum. Cu;Se NCs showed berzelianite structure
with 20-40 nm in length and 10-20 nm in width. The fluorescence excitation and
emission peaks were located at 253 nm and 585 nm, respectively.

A simple process was proposed for synthesis of Eu,O3 nanorods. EuZO(C03)2 H;O
nanorod monocrystalline and Eu,0; nanorods were obtained by means of surfactant
assistance, with aqueous butanol solution as the solvent and hexamethylene tetramine as
the base. The samples obtained were analyzed and characterized by TEM, HRTEM,
SEM and XRD. The Eu,0; nanorod was about 80-300 nm in diameter and 1-5 gm in
length. The formation mechanism of 1D product was also discussed. The maximum
absorption peak of the Eu;03 nanorods was located at 317nm. A blue-shift of the peak
was 47nm, which showed the obvious quantum-confinement effect. The peaks of

fluorescence emission can be seen clearly at 329 nm and 617 nm.

Cu,Se NCs and Eu,0; nanorods mentioned above showed some fluorescence characteristics.
However, they could not react with metal ions, medicines and biomolecules effectively because of
their poor water-solubility. This should be improved by adopting new synthesis methods and

surface modification in order to apply the NCs in analytical chemistry in the future effectively.
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GOKBHE AR EX RAR R BB ZBIAMKIRIE, FHEH A RIS RN
FROUE. EER, BEERTRANANRANGEEREFRNHEY, URA
HEEEHE (STM). RTHEME (AFM) FRRABHHI, BRTHK
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AR, NRTRMR, REBN, BFRIUN, ZRETRERNFFH
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ESR R R SRS, WA ERRERHRZY . ERBT, BTFHA
RO ERE, BTFRRERBIRE, FHahfRE, BTHRRIEMH
TR, XM AR T R R IR RN
%, Wl KRR H B R REEBL.

PREUBS R T R 5 SR TFHEA T BEKAESRE N, A



7 KA AT RS

MR AR, B, AR, R, A, RN, MRS RCE
LB T RETRARA . R B E M4 R i S8 7 3R
Wt HREFSERAETFES, BRHEREXHREESEY,

MM T EERFRLMENRARBERN. EXE, AMIRKA-EERE,
BB I RALIRE . B TARTRAFHBERURBHERFEABERN,
ENTUERERRENRE LT AERNL, ARAEROETERENN
(Macroscopic Quantum Tunneling, MQT). X—BN 58 FR~TBN—i#, e
THATRE#—DHEARR, HRETRARTHARTERRFNRE
B fe)

1.1.2 GORARH Y

BTGRP R RERR, MRIHUN, BFRN, ENRTRERNF
JUREHE, A S RIH — RIFR RPN (1) FREMNEDINE; Q=R
WK RS, EHARARES Q) RENFREMEILE, (@) HRRARELE; 5)
By RE.

1.1.3 KB40 25t

gokpon i FE KN RENRERFRAANE, SHEMEEKRMEAE
bLE, RGBT, GUORBORIIIR B SHOR YRR YRR BTLL
RS HRYERA %o H R BRI B AR T W LA BOB ) pH B 00T 9K GHORL A
TR P AR TR . A FIFR AR R E R K ER . SRR R
HRTHEUSRER, HERERTHEGS, RIBRROLEEE.

1.2 GURM BRI %

GURAEZ MR, ST BRMRL BRAEL. SR
HEMEL GRMEL RAHEL KM, RAF. EPEEMEE. BgKkM
EHEEIE AT 20 EREASMIFRARZ —. BRBRNHIETERE, B4
LRI A B AL E T . ARSI R RN A RAYE. FEFEE
WHHER, EERMATENEM EATERESHNFE. HERNXRRES

2



H—F FiL

TUHL I K/ FIR1B B HORLIE M4

YRS E T EEEFEHEBERA L. BTRIE. BOtSHEERE.
SETHIRE, BEABER, BRIMREZESEZM. FIRAYETERHENOHN
KMEAERMEE. TRE. HETE., BERSRA, BEIFEXHRIE,
i A AR

T EEEMHEH, BELOTEREHFENLESME. BUHEH S
IEAERR—EAE TR, WML, KE, £REBERES. LFES
HEIEGSABRNRE. MEE LT EMLESHARES, ST hESHE
%, KA. EEENEAREASHRH & TAREMMAKRR. o, EFE
THIT SN E, RS, SBERERNEEER—RRDEIARE. X
EEEAONFER, SRTERTE: 7 EmANFRESTHR, EHFN
WEBERBHGE, FRFRTEN, 5. HEERE: BT UHEAKER
RIS . SARERYRAKMI, THESE. BWARESY, FURME
FE#THBEEEMT, BRARRREREFRIERRLE.

1.3 GUKIEHLHIRAE

KR R E — RIS RN EALEN R, X5HRBHKRT. 3. FHE
(RS RS %, SUKATRH RIS A B 45 4 2 e JLAE RE AR A A %
BEE. Flt, SRR, BHRREAEAREAEERNORUEARRRE
MARB MR BETET SEEENMA. FPERE DHRETEZEESR:

BABESETFEMA (HRTEM) 20 4 70 €K 80 £R4, &1 T
T2, HENBEARMGEEROTNRE, KEAEKNREIPEEE 0.1nm,
BiE £ B L E R LR AR RRIIBIF T BB T EREHREX.
KEEE T BB TIE R 300 TR, BB SPHHERR 0.06nm KR,
ELiER2RIBE R EAMETF. HRTEM ELBANATEARR RALEHE R
HER .

FHBEEMARGTM) STM HARFEETF 20 A 80 FR, B RHAEFIKRK
WS RE R RS, TSRS, TR ISR 2 AR EE
#i. STM T LA A T BT A5 R A HH R T 45 S, 7T VR TR ST,
WHTFRERTRIT. '



BEFHEMA (AFM) EFHEMBNIERERAEREIHRE,
HENRMELDRFSANEHRERRARGHELERS, ERRT STM FER
EHERAEHEMN. BFOURTLUAYRXANENZABBRERNEESN, &
HaMBRSEET BEEN. TH. £UHH. BR AFM FENIHRET
EFRE S,

X $HEATHE: (XRD) X HEMHEINTHREFKDALLEEE, &
AR SR AN, “DRKENT 100 nm K, BTEWOALT5ES L
B, HATSEAE AT B) S RIERKD (D) HWT X FR( Scherrer
AR): D=0.89MBcosd , A H X HAKK, 0 AHARATHA, B=RERLE-
P& KA

AR LA R AR T RIRS R SRR BT, B, 45
FilE B TS FRRSIMEF LS. RIEEHORERERARS TEH

CnE e, ¥R . LAERATHRMBORREIESR, —RIRASHKRME
HEABENENYNEERSHEL. REEL: —EARETHERTE/NE
ke BT BEM RN (. Bk, BB KEERERRE.

3t Rayleigh B (RRS) Xift LRMHAIHS (RRS) FItHRIELTEHS

(RNLSMEN —F 5T 4T E R i T 2080 R B A e 5 ST 5 R AT,

#rep!' BEaRLEEESEYKIT. BY. TIETREIWLED 2T
B S MR, 3 BEGKAMRI R RER 44T R A P B A A 4
ML, BATRAKMA—FE T RARRIKES SN RARFEE.

3R, AGIKHORL RN R T X — T R, B — AR T (RRS
WARER, (1) —HERBIAKRTAEETEORNMRRSHY, FH7£ERRS
%, (2) REYEXERE, £48RAKMARIEEHRN, RRSEHK
BRATES FREFHET Ch—RIER) SAHET B —RKIER)
MEARSBERABSOLE SRR KNI (3) BARABHAR TR EN
WA S BB RE SRR ARR; (4) KR THRRSH. SIS A%
ARS8 M. JTRK R RRSBM =N EERE %,

BE AR R R R BRI K SIE BRI S, BHEES ERNNRAK
RMFBRRIE. MK THIRR, B, 2B EARRR AR TR

4



BRE FEERS. Bit, SRMRREBRAREE, DHESHFRMHRE

AW AR R -

2 MAMRESTALF PR
AKRERRERE, BEIRRER, FETHSHOFATR, Ha)H

KM AREREER. FREHESTRERES, SRR RIS

XEHB. FKBENREREMIRERBERENTFEMAATE: R, &

MM ARBERES B SRES, SROZHFRER. FOWRTE, X

BRI TTRIZ R R,
TR BRI /RS (1-100 nm) MAREARLE, SR ARFMERE

X, MERRTE, FRIFOREERURBEEHURRET, FRHU
K554F. BTEREMEER, RERENGRTRS T BTHEREMH
YAE, RS A RS B, X AR R ST, B
T, Bl TSTIRE N AR T &4, BETGKMBLE 54T B &S0
WP BT R 2,

4% B R TEAE SRIE AR ST P UK B N A B B n T B R e
He, TOEENIGRES ST HmAT A Ead ByLE SR T 25 HE
WRIFES™, Fik, GUKER TR A RAAKBEH A EEFAGL, 5
BT RZETAEENENL.

21 &. BHORMR 2 BT A
SUKMRR—LKEBEOFRME, SR ARRRI B TR,
SHAKR BT HRE TR TARY BTN SR TR BT IS
1K, SAKMRIEREHFHRIASIER, MENREBAER, REEK. R,
AR BR T RIS A, —RMEAX SR T LT RE —ENE
WIVENE . SRR B A I TR — L R S AT B,
TEA KR SRR E, €4 4K EH + 4 EEMMAL.
BAESEORE. BEHBHEAR MERAROEVEELFAZKERR
D9, Eth B, BT AT UM, TR RRE AR
BER. . HE. BE. BREEWAS TFIRHEL STURATHERN



G BN, BITREASULEER, RTTERRISE R AWRRE mENAHC
SR EERY. R SR ERE RN S RERYY, EREER
RIDNAMSIE R T &gk 0R 1 AL WA TR MRS R M AR A AT
o

Mirkint6 2 5632 1 BE A MDNAS F 5 & 90K R4 EERZERM AR
R R & A KR E B BN EEARE T R RN RATE SR, Fx T2
Ge FE R ik R B R A T 10018 . FI&guRAFiE L EREHRIEAR
&, BIXDNA A BT A8 iRHS,

EFEERR AR AR R E, RBES, BRENGE EEHNEY
BWFETERUERE SHIRDIE N, URBAuGRA T BRR T BT e K3
BEE, MBSk ERERERRERGEREN, HizetRy.
KPR F TS S UDNAB LT $AKBRMNE S, BRENLE, TRUTS
90K ok B SE IR TR R O AT, LU IR S AR ERE R 5, 5 ERE
RETBARE, BETESG., ®uf, 6. WERNERBERAFRBE
BER (10MmolL"). ZAME. HRiEMm B 5T%848 A1, Ma% P IIHAUCL-NH,0H
BB LG, MKEBESGRNR R BB EEMLAE R £, TR0 pg/mL
h-1gG. BF K AHE L HDNAL & R RAMEHRE & LEEREHBRZ R4
{9 45 & 7T LA F 22 (L DNA B FLAL S A 7,

Storhoff X A& F &K MHBEEE BTSN ERRRBET —HA TR ELR
FEFI bl 2 Y, ZEIXMRB A EF, BB EDNABISRE A, &
EREEBNEE TR ESHARAAZR. NETFRIKTEMEL, &
MRS TR RBE. SAKXHFTENETHRERNDNA. LiuE AR
Bt SR L SDNABS LA YARB AR EENBERENER. &
BT 5 B ARM) BRI & 2K R, &9 K RE KR/ BA3/DNA
— SRR =R EHR RS TAFME R R, TR TDNASTH
RARE (16%) . BEFHEHEMR AR EIKA TR RS 1RIT 2
DNARJUE SE6), #oaH AT RIB S MK B AE —EFFIMDNARE.
YR NAE SR BRI B B /EDNA L. &R B ELBREREE, Z&EME
BURB T XS SRR BEHRRMHIRDNA #EBESFNEE LEHE



FEIRI AR AL AT LA 2 & 6 AN Fl fIDNA,

S AR ORI (0 6 2 0 R B SR B bR A ). SOERICHRIE T
~A A A TEERE BN N RIBEYERSE, ZEVEBRRRHRELEER
KBRS . BEEENENAKSENBREFNEGTHBLEABETHR. &
RER, ZESEMMBEERAEE LREBMEDEE, SAKBHXEE
IR KHEMS . SRR HAHERE. ABA/DA 2 nm KPR
{651 B PR AT ZE BB PR R o 4t 9 R P AR R 2 B 1) rR A AL AT R RUTARE AT
DA 25 5 AL R S a0 K —RERR B PR RSV B L B iR £
WEEENETE SR N LA RREN A ELEE. ERRRRFE
KR AL B AR R LR P2 ) HoOn BRI PR AR . %15 028 B 18] 22 R AR SR 1F TR B
TRETFHRY, WHAnE. $EREOTHR. S4KRERTHRERSENK
WAk E YR, XA R FRURREE 5B,

AR & 90 Kok SR AT R 4 e g R e T Bt TR A B AR i,
CATFREEMA., BaREEPIRMEN K. RESRE R4 Rt
R R R, R4 T B B R ok B st AT, 3T 632.8 nm BK B,
90° B A S SR 10 £, ANAEWANREE. XRITRAR S S RRBIE
R (&) THERE SOng/mL AR A . Natan H#2UH5E7E SPR HAH
BIANS GRS, TR pmol K FHIPUE. 5K SPR HEARRE TRERRE, B
ZHETAYS FEAEERKTHR, SPR ABBHNUEEBRTEKBNE
%, SPRAERSRSCRR LR B S BEE MR R BATH R R ERE, Gt
BB, MET —AMEBMNSEEFAKE, wTRMITH REEE, 75
VR YR S AL R AL H SERS /47588, AR M SPR R4 1T LA
WIS Z AR, Nath F Chikoti®™ 5 T — MBS GUKRBADEE %S
Yonzon B\ Fl & 40K 51 4% T — Rt e a8, JHETERAIET SPR MMN{E
BRAHERRZ. Na* A K HROLFFFENHEBRET, HREHRET
LMABENHEEEYW, MAHLETERRNGTERD, HARAR TR
WS BETFEEEEERAER, BRFFENHLERSBE TR LERE
FXRIRE W, Lin ZEAEHKRERFREGHRIRETLEN 15-8-5
BT 15-578-5 WA FERE KR 211 ROREH, BT AfRETERENR



B 9K BRI L B K AT

DNA- £ 1% & 9K SR R B2 A M R R AP R i B 3 LA
Niemeyer ST\ i T —# B EAKMR AEM TS, ©RHNEN ML
KBBR8 4 BT R 5 4k 4) DNA IRRAFFS). Hrh—A 5]
FIT M B S L RORORL, 5350 — 4P 51 B TR STAR AR s Tk e e
R. APM MERRATRY B RERTUMKRTR, XHERES T4
AR T e R HROTREE. DNA 89 T B 70 2 B R R LA i 4 b
£, RBHTHARSBRICEMEE &SRR US K RER, HASMN
TEIR2 (0 %.5% DNA B3R, Li %50 \B MR T B % DNA £ LUS
SNFF 4 A 2598 DNA M RE RN, RET —HEHNENEERSE, RETR
B T ARISEAR HA%HE DNA MRHOER, DNA BREMKE
i LA R RESRY, HA RS, SRR B R,
(nAu-Cyst-CPE)E & F LM = STLAY, RSB LI M54 AL,
EEEFOAAMTEES, Fik— A REZ AR 2 MR B
BB, HABES KERA— e s, BAKER—REE e —RE
ZAEILEER, SRS RARNREESHMEAT (aminotrithiol ligand)
REA L VOEE R AT, |

B & K R A AL S BT R T R AR RIS I, 1T R R A
TR, Paciotti 2N A HE T & 41K G0 AT LUK 2 B 13 EZE K MOSRAIE %
BAHERR. Tang SOANRET —HFOATRMEBREN GBI BE, &
RSB B RS BB 2 T AR M7 2 T A 1 P e 2 v b
LRSI, B2 EA B AR R HUEMI S S5 HL Ak (PAD) R SRS A S A 72
% 13 nm MSBRRIE, Wit RS 2R BRI RAE B4 %8R S
FRORATFER £ 41K TR 16 11O AR AT ZETCHE 00 2 F B2 4 2R 3 o S KDY
MR IRA T AT AR TR AL, B AR A E E S MK EWH TO
(HY/AWITO)HE R ST H,0, BRkth T A M A Bl R REma L, A R M EHLAEFER €
P. Okahata 5 5: 4241 i QCM HRKM DNAS®, % DNA 4M47 H b4 5 [E 1 &
LR R 2B ERAE RIE, BB R T UK A
HATE B, (ERAEERRNS SN HES —E R, Wilner® % A



7EHE DNA ) QCM ¥ 451513 T AW BT AR A, TIAERINCH R
MBRPLAE BF R SRR FRTR SRR FRRURERIFCHKSIKA
FRES B LT 5 AR T v R SRR 3-4 MBS, 53] 3x107° mol L7,
SMKMPLE L R E R ERIENRE, TX DNA J BT R R BAT A
91, Fi F &2 K MR — 72 64> F-DNA B &4 H R E R 8 MY AT #1T DNA
e 448 W™, R R AA S Rk AT I R A RO,

FELRBHESIKIE & RN AFEET —LITIE7E pH 5 £HKIFT
BBEN RSP, FRRRMEL AARTH EAFNEFRMURE, BR
[(Au(HL)m* E&Y. WEHMEL H— A AREERFENLEE TEAKRBAER
i, S—ABREEETRMERE x MABFRNESTFTEEHET, KHERS
WA T HEFESEE . BAERINEREBERERTNGa™Y, X2
(HL) & T fifE . WHie T & &P WES RRBOLIELE, SHKMAER
FAAR O FER PR K IR, ¥ S3 RRS W ZFIRTRIF L IUHRI RRS X
i, BRI T &4k SR T MEEAX RRS, BRI AER W,
AT RRS MM EE, FEARTUENEN T REVIEHET T HIT,
iNA RRS Fei AT K ok & 5 R P4 B SR BL 3T 05 B oF Bt AT 4
o FAE AR T 9K BokE B —Fb RIEF R

FERARBE T A% THEBTHEGRBRIRE, EEaRBRRA—
BB AENH A RTES THEY. 1€ pHA4~6.8 HISSRIEMRT,
TAERF U EREZKANAFAEFEHRS N BAKERNES, R
BE R RERCEHRAM 12 8 ZF 20 nm), XFHREARRTERET R EHREN
8 7 (IR U B BB (AN=102 nm) ) R B, SE3REFI B (RRS)E % 18585 B
fE BT (FDS) I 4% B4 (SOS) S AR A LR U LB BRI IR, RAHUN I
B4 F 280 nm(RRS), 310 nm(FDS)F 480nm(SOS)4k. 7EELKMHT, HEHE
5 RBEEMKEREL, X4 RRS RBERR, FHILSHRBRATERN
SEEMBENERE. RRS 4, THERERNOREMRA 10.52 ng/mL, &
BB EEE, TRATLRTEREZNUE, XPENRTARREIEM
RRS 345580 R R4,



P REREA T, MKW ETFE (MB) HETFRHFRFINK
BB NES, HRRRBKHRES CEHURAMN 12 mEE 20 m) , &
FREANE RS IGHRRF S (RRS) BEBEHSE, BAHMNEMLT 371
nm. ZEESEHT, BHEE (AD EERKKRERIEL. ZERERREE,
THE K R R 21.17ng / mL, ZEME, tl, HAEBRFEOEENE, TH
F i g o 0 K R O,

7E pH 3.0 MR M- BMNEM N B, LEARSEMKERBLTH,
FE KR RS ARG D EHREER, BREXBRIRERE, R
HIBREARINIR. £ 8T RRS JHFE . & B RN 4R A EARERAES
RRS HFEHMIEEARH HFENRBENGEE. BARE—ENKREEEARS
RRS SBAEARIE L, FIEHRBUE &, E AR 514 038 ng/mL (A fLHEBEED.
0.45 ng/mL (4 IMEEEED. 0.56ng/mL (SFAKA), 3 EABEBIFHEHEMN,
BTEEMOAGTRESNS, HEEANEEET. FERETMRERNANFERL
Bk, IR T F3LIR Rayleigh BUHENE R ARM G E. BT & RERME
BREESRBITIE, SRS ANHE,

7 pHA.0 BIATHEIR G- IR BT TR, SAUKBRL S thR/ N LA R T
RA KR REAN, BIRIKMMARZEK, REF=PHRZEN 12 0m 82
35 nm, MTI{E/EARN RRS BWEABINME, FHAHM RRS ik, HILk
Rayleigh #U5Ti% 47T 306 nm. 365 nm A1 495 nm, 5L £ 495 nm 1 AT EB K.
EE/NRERZE 0~0.24 pg/mL MK T EA 5 RRS BEREN: FENRBES,
HB WA 04nyml, 3#EAHRFHEEN, BT EERNAFRRS, HE
ERHERET . FEBETFAELENAFRIEK EIRE T A Rayleigh
BT R 5E £h B /NBERR A 7 v,

ESHBRENART, FEREPETEAETHERHNSPRRRR
T, &g KR R — R BT MR AR AR NES TR EYE pHS.S
~1.0 ISMEA TS, EUS5RFUNEREFAEFERBSN, GKERD
%8, BERRREANRES, XMRERNTRETRENKIEFRTHERIK
HHBIB (AM=92nm) KIFR, 3£i% Rayleigh #5t (RRS) L E2EHHA, H A
festet (FDS) M Z#st (SOS) E#mAFLMBHEARKKERE. &KX
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MU 184> B A2 F 370 nm (RRS), 350 nm (FDS) #1520 nm (SOS). EFELE&HT,
WETRE (AD SEREFHREREL, BEEPRURTENNEETRES
[t % R B RRS Hét, EXEREIFMRLRNY 5.60 ng/mL, FEMFRIFHIER
¥, ATIRPERE S HRE.

FEEFHZEFRENED, SHKMNERRLE (EPD. RL4EE (DNR)
FXFEER (MXT) SERENBAYEREIN. BKIERNGE, BAKRR
FRERER, SBOLIRFEFESRRS) 1 EEMBHF=EFMRRS KL, =F
A TN B KRRS UL F313nmH AT , FEAES10-610nm 2 (81 —RABUN # . 3
BETRE (AD S3FEAEMNKRERIEL, BMNMRER (3o) 4HH2.7,
3.119.0 ng/mL. BIR T RNAZMHIRIL. RAFRRSHERHE, BEARNFEHF
BRAENR, RET —HARRSEARS. @, RENEBARAEAYHN
oA,

BRI BR i F BRI SEIRBG BN P RRE %8 F k3t
R m e, R B M TSR ERAER.

wEESEMIHAUV-ERAEE R EH & T FHERA20 nmi)HERE
WA, SR TFHRASETFALRSPREIE MR AR K T399 nm4t, &
IR A BR1.3x10°Lmol -em™ . FIFIAghL 7 5CN R KL B 1 45k, BIART
SPRHAE M B SCONKEM KRR R EEMA R, BlE TRUAFKFEFEA.
HHONETHHEMN,

KRB B ES & THAA NS0 nm KRAXBKL, HATIRE
LHANFEEZEAE. 7EpH 5.8fINa;HPO,-NaH,PO, ZHEH+ KKCl MR LZF
6000 E T, BRETENMATEBEARSAERARRERFRMERN, FHIES
am AbHIFEIR B R IAE. SF4EE A BURBI7E0.067~1.67 pg/mLit B N 53EHkE
IR PR 2 BIFHRH AR, B AY0.024 pgmL, TR TERNEAML
KA gERa RN,

B S BEOE B, RAMEEEESE T RAKME. AEEROA
Wi B TR = SIS T AR MR, SRR LR B B AL T
470 nmit. 7EpH 4.0 KIHAc-NaAc ZEph¥¥iR, Fenton RNF=4 K3 B BER]
FBIKMRERBET, BH470 nm ALKIIER B ERE K. dRAZN

1n



P KRR

WRETE0.27~7.56 pmol/L TEE KN SRAKBRIA70 nm Kb L3R AU 3R B EIR
Al (470 nm) 2 REFHIL MR R, M HRA0.23 pmolL. Z 4 AR THERE B %
MITERF, RETHEMSER,

. 7EpH 9.1#INH,CI-NHyH,0 BB, MAKHALEST0 nm KRG F LA
ClO, BEHEBHNE K. ClO, WELE—EBEAN SR KIRE KR HZHE
R 7, R X0.0047 pg/mL ClO,. LB TRECIO, BRI SF Fik, H
FHRAAFCIO, BTE, &RHE®.

ESBREEFHEET, LB TERBETRRAC)(AHL T, Fit—PHE
A MARE, 4 BRAZCH(AR)SKMRL, BAHGHIE470 nmbb, BERAESCr
WRERBIEER, RS KEERCIE T, B FR1.0x107 molL !4,

FIARREERERIE RA Rty g 1519,

2.2 HAhGUKAA R 24 A

SRR T Hg?' 5 CU, Brifll TEERE &M T R YR AR MF LR 4
PR ENTRIRA . Rayleigh BT F13L 4% Rayleigh S HESFIE. EREMH,
TEIE U &M T R AR E K[ HeXo), MAKBAAFTE, HPOHZER X5
FEARHMATIH K. [HeCll KB/ TF 4 nm, [HgBpl, M[HghLl, 451%T 9 M
70nm. EATHRBOEE HEE X BT EEHMBRMEHRLYE. =&+ RHE[Hehh,
BER= A B TR IR Rayleigh BUH GURHERUSTI4% 580 nm) « B, BEKHIHLER,
T BT R DA K B AL F IR o 2 T SO R BT SR R A R

BARBRGOR ORI LR B i LR R, BBRIRE /N T 360 mg/L B, ETE
400, 470, 510 F1 940 nm =4 4 LRSS REKT 900 me/L B THIRAL
5. BRECKIRELE 0.45—45 mg/L 5 P 5 3EREBUR YR Liro nm FRRIFAIPER
R, BFAT REAEEEE SRR SR It R e iR . SREY,
KBRS RE MR —RFESRBS i — N EERR, HEECHMN
LI RIB W T AEIRBON B A FUR BRI R B S, R T BRYUKROR
PRFR BB IR B R,

ESEMET (D FET, AMEUNERERBRFER, 52 Cu gKEN
(Cun) o Cu ZKBRRZERM ITH M. EFRENFP, EREESR
HERER B (VB) REEREETY, HEAREERELENEL, WHE

12



BESRRA BT M EEHR LB K RRS HKAMTF 369 nm 4. VB, RELE
0.02-0.40 mg/L JCEN 58E8E (AD BEREL. FEEEREREE,
VBl BHFRA 6.4 pg/L, ATATHEHERERPEEEB SEMIE. HWUELT
—FHBA Cu 4K BRI #RE B RRS BRR M. B{E. HREEWE VB1 KFT 7 iE",

& T RREMT W B RAGKTHL, T pH 6.0 MIBERR 2 Myl P L 5%
YK BHLAE 558 nm RIGEE T, F 586 nm WKAKH K. @ (1) HFE
WA AP BRIE R TR R AR K S, W T —FRNHERNTE.
ERERBREMT, HENERZIETEERY N 5.00x10°~3.50x10* mol/L, #
HBR 4 3.55%10° mol/LI'™,

FRR-BREEREE EHE&THXK T, B, HRANEAENEELT
—F I E RN FERCOD)IF L. B Ce(IV)TEAFK TIO AR TH
B2k, WTIRDTAXK T, RERTFRRESRIE S, REHXK TiO, K%k
HALEALRE . ARUSE Ce(IV)RIRAMEMUA FBIRIT T A AEALETE COD K
WU, ZEETRE COD MBRERNEM. KRERKYE, SHEFGEM &
SR IREY, BBLHMRKER COD EHAHHYEERIE. FXLR
Bk #EM & 4T, THFEMIE 1.0-12mgL Z[E# COD E, RAEA 04
mg/Lm”o

£T Pb”t CaAlOy: Eu®*, NA“HUKBHLMRABKIER, BT R
VORI 2 CaALOg: Eu, Na*GpkBRiER FRRKPHE PO IR LHT
Gk, RABABRBKMBG BS54 328 nm A 440 nm, 5E Po* ¥ /E
(2R FE B 3 6.0x10°° moVL~8.0x10™ moV/L, EAEM F/K+ Pu” HIfllE, 4R
5 - U

3 RERLEMARMBNERSER

3.1 FESRULEYIKRIEHIE R
RBRSBULEYAKRMHREES RKRIIB~VIA (0: CdS. ZnS. CdSe.
ZnSe.CdTe %). LX B KM N BB/ P TREFERER(—HDT 100m) &,
XN KRR S RIS RN R, X R APK AR R
KAEWSBERERTFRTRN, RERSISISHE, 3 itiRE H 2B EHKE

13



SRR 0 A 324, IR SR AT P IR AL AR % B ST T I
KIRIE o

RN — R AT A, B2 19 2 60 ERMDEN. CESRE
F. Y. Y. EXEARMPEEIZONA. ZTEREUTRA: ©
RN, ORBER: ORASHNESH (WRAHA. RARTER, R
B R KE); OREZHRANBAMFE QRASRN. BRI, FORRIR,
I HEAE, SRTRRSERAANP . BRSFRAMIES). AL
BRI ERO TR LR, BUAGERANR, BT, KEUERE
W, R—EEESL AR HARI, SO BAE N —HEE RS EE
B h 7 — e L B R B SRR, B MR ARAAEREARR, FHK
KIEERERE, RARAMESANAT —EHBAER. TERENENIL
YORLEE, EBAGKER (BT EIRRAMTTRE U TRE:

(1) EBEGKRRT N K SR R T, TLLAE 30m £4,
B AU S o i G AT U261 e B (R SRR 2 5T O 8 208 5 60 K/ NIRRT
BT R AN —t . BESEAKER PR TFHRT A HEES, REBE
B RS e, $TFSERBRNTESRE, BHRTERORARS L
FNER, FARTRTHOMKMERMREENXEZ .

(2) LBEIRBR OB AT R H BRI ETH, WTUMERR—RR R
IR 47 22 A BOAR T2, 2 B g RBORL I BRSO R B KR FRF R
K. FFEAH CdSe BT ABR, BLEVRTRT, TUBIMEXXE
0 J R BAFRRG WK, B A REHREYRT, TUEER
B  HR R B H B SERE YRS FHEE B CHNASR RS,
L B RGPK MR BRI RFR, BT RRBK N, B b
BRI, ETURIRRAGR, R, ZE— TR S E R AT LU RS
PR IS 02 S GUOKBORIX KA THATRE. Bitn, HFEVEXTE
FIE T LA DNA BERBEFMRETRN, M5t R axtF—
RSHTRES KRN, B, B0, BAN, BRATUKIAERRARH KK
AN AN, ERNEERFAKEE KRR EROENREHER
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£ 0. FHERENNLSRETR, —HREFERL, —FRELRK,
JEF AWM R R E)E E2RILI T R—AERK HREE R,

(3) BEF A InP. InAs ATLLER7E 700~1500 nm R RS E KKK
i DMEANEB O FAEEA S R ARE DM RIPE, LR
WIE RS0 B MRS BIL AR IR, TR TEH R B K EEAE 800 nm
Pl ko SEF—ENF TR AT R SHBATR AR, TFIRAERBH
KRR BTSN BTN, EABARIEEYMEGE, FAHEFH
FIEAEMOREORI, RE, #KIEERBER T RIRUESHTHRH.

(%) SHBFANRAEFGLEEETIRMY FHERA 1~2 MEL,
W LRI A A B HARRIE S, XRETREEREYRIERE, REREN
(e, MESEVRERMEL, BTFARGAHE. E-ALLRS, FAH
B 10 min BIFT RAENM, HRALET, AEALREEN CdSe/ZnS BT AR
ig 411[131]°

(5) kS BMXMHAERBNETR, BREHNEIEIKRATHE
FRER—IRESTE 30%LA L, Peng HAMIET CdSe/CdS AKKTHEETHET
7= 3R] LU E] 100%9,
3.2 HREBUEYEKA RN

FRHTEFAAE LRRY, EHRREN—HFHMIAYR, NATE
WIE 2R . EEREEEE, ARAEYE, RBLFEFERTIREUL
ERTEXKE T,

3.2.1 FEARCERET N A

1998 4E, Bruchez! Al Nie"THABIR/PMAS KRR T BT RATENEYR
b, 3 LA FIRAMARSIFER S, VIS Mk T BT RET/KER
AR B T A B R S R E 5K TEEHFE. Bruchez FH#HE
MBS . ARERSUERMNEG - ZHREERAREYI THEER
FHMOERE. BNRAFHARRCHORTORE 313 DRIOFEAR, B
RS ERRNET ARIIFAE F2 EIRAL L, MAHSANRTRER

15



HNZBES, SHMBFASARZAERRNS, #FETURNELSRFR
"TNSR, BXR, BIXNERTR-REH, ¥MMTE=E-Si0:.
HEEETF: (1) BEFERETE: (2) Si0, RALARAEEABWRE, sz
S RREER. BRFEEFHE-RRT STE TRKRENER BT
PR, FERE. Nie SNEIREZRTHRESRT AREMN Zn BT4H
&, BENBRE-FEERFEAAUSEE, - HETE5ARKERSYT (B
B, £k, HEE) MEE. EIBEREaERT SN, RGN
STFRENEER, WTHETAKEHE Hela ART, HUEERT BT ANK
SEATREEEWERDY. Nie STHETAHTRRERABS, AMEFL
WEER (BSA) F, SHEHKGRNZETARRHAERES (1g6) M
Fab A7, HEFARECE—E. MR, EXLHE WETFA-IG SEHHR
IR 8T BSA B, X—ERKNSKBRVRT SRICH 1gG BRI ER 1gG
HEAPE, ERKENSRNENRAFERRB CdTe FIKKTHAEHRIC
TAEMAFREEAR, FRTHEHENTOLEENEL, EERTRIENZLE
BF CdTe _éﬁ**ﬁ%'ﬁﬂ%ﬁEEEZIEB@%%&E%’I@B@“’”O

Tsay! %1% TEASNK RN CdHgTe/ZnS BFEMH, F BRI
FEE. MITEXFMERIHARIE T HEK P8ISS FEXMM. XEMZETHEE
WM EEM—P, BTFEZ CdSe/ZnS #MEAX VBB ERA C LB,
XA SR EFIBREE Y 2 F E RN AR S R ERBR.

BFASEMASTF, wEARP, B8, DNAM 0 f B H
A AL 22 KRG 2 R FEARBE ST S . Mitchell 214505 3 SRS K LR
HEmEAREAR, AFAKXREEREN DNA 2 FHINARERR, X
BESRTTLAE DNA ZEEB R SEAKMANERT. EIERIRMRBHK DNA
SF, TEAERTROTOLEH, SREBSHEMCHERTRA .55
% B gy AR DNA 4 F 53 H AMICXT ) DNA FExt J& YK BohL i 9% 6 ot i
LRhdsf, R BERIKMRHT T ROSER SR ENRARULNIEREE,

2001 £E, Nie Mg REIGEHERARHE. RERAHENET KA
SEHHENBRENES TR, NTIRREE AR EIFERFERER AT LA
IR R F LR, TR, REE 5-6 ML E 6 MARLEAN



BT AT ARAE, BEMET /NIRRT 10000-40000 T YA K%
. R KRR RN 10 #, BAT LR 100 FANFTRBIKIRE, Hid
EareAxt 100 FAARRAKE AR DNA #1748, BXL, MEXIEHIR
W, AHEHEMEELE, TRENEFSNRES 1 -4 ARHNTEE. R\
AKERANFE, AEKEHOEEREL 40000 4, HEAXFTHIZEERZT
DN TCREE, HT AN —RENX . MBII7ERENRE X B
7ER A DNA REEPETRI, IRAREET 3 HHEKH/PR, HHENE
BEIREMFNEE L, SHBEMN—/MEKN DNA F3), XLEFFIERR
HATFHAN DNA RAWHHMNMREDR, B3 THZHRIA. 2001 F£7 A
19 F HkR 9 Nature Biotechnology LA ICIRE TX— T, HUREMHERA
IWHEFET A RO A RS SERITRIA LR S . KERSN
S SARGRRIR B FARIEREME A, ARAETFERRAHBTCEHMEUET ¥
BAAGURERATE O RIEM B AEANSE A RAK S, RIET RIEREAREU
ZRN SR N EF REANGRE AR,

Efﬁ%[_”""s”ﬂ%?’ CdS gikKRTFE5EA. RMABEEER, X 4RiR
DNA #FTEBNE, FERE, iE. REER?. 2005 &£ Min Xie $RiE
TUREEE BB CdSe-ZnS 1ENAKEH A TARBR, LAKKRHEL
B, EAERZERASERAREHEP. ¥ CdSe-ZnS AHHREMTRE
W2 B TR TS, RAER QDs Al LMEN T E M4 e 2 st Ll R
HF R I RRE,

£ BT AR RMNT 484k, WA BRI TR A BRI 5.
8 BB PR B K T 5 B Y T R R JE A B A RIS,

EFRFAEAGHNEESLRETOHRE. Yongfen Chen EHIAKRI,
MR EART AN —BEEEERANET (CH 2n™) REIRAMER
e, BEERRE, mFRENEREERTAN B WAFIRAER".

2 KR4 & AR B CdS, FFXFBAT T R BM, IR T CdS
KA R . BUIZAPRRL T R R R T St R BN e RER (1D K
B 7E Aalden=450/674nm &, 4 (1) FEIRETE 0.5~108.0 pg/L EEHA S
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AL EBIFRAHXR, HEMRHERA 0.12ug / L. ZHEEATRAKKEHE
T (D) pEe,

XBEZE KB P& T R AER CdS FUKRF. TR T AR TR,
FREBRIE. pHE. KA E% 4 4B ZNHREOEER TR ER R,
FLZKR TR AR, VRN T REAES FHHMNRRRER. 4
BRAEBELREAGT, FEFIREE 2.0~50 pgL BEASRAEARREZD
BLIF B AT,

EFRREHET ENGKBERK CdS, R T HRBRFHRIKPRRAMR, Uix
KRR F AR, BT RABFRKENEFREFHIFHE. EHFECRIATA
REERME, HERE, HOF, SENE, REES, EREXREANHT, W
AEFHAETEEN 2.0~24.0 pg/L, BHEREY 023 pgLl'%,

PR S48 T KB CdTe Sk R ETH (1D BFHEAKEHKAR
HER\BOREER, BIT-HUER (D BFHFNE. EREXET, &
AR RABERE (AP 58 (1D BFHRERLEHXR, AMEEN 80~
320.0 pg/L, HHMMEN 324 pg/L. FFEMTFEFERPREFANNE, FRS
AR,

X} TETAENF MR LGN ERRE. #FU 11-HERBR A B
R, EARERPERTHRBEMEIRN CdSe/CdS gk, HiTBEHBTFEHEN
RARBOKERHIHRAND, AR LRBOEE, RO HbEF
YT TRIE. 34 CdSe / CdS K B4 N R A E R EHIT T 2 BIIE,
ERT REFHYHEE EBRELREGTRBEERNTEE K 0-44x10° gmL, 1

Rk 2.33x107 g/mL, FFIZTERIRE T 0B R B AR,
KAREURRZEHE (TAA) 5 Ca EMIENIT RRHI& T CdS Rta

KRBT, FAKRTF TR BT R A BRI TR R, BT —
T n e R AT BRI RE B FOR T O . BREW, 7E pH (0 11.2 7,
it T M0 BB RE A0 R U T PR A& B 1.0x107g/mL, HHETEE A 5.0x107gmL~
1.0x10%g/mL. ik CH T2 A g st fom e,

MRS -HENMABNH, KEERT BERNNER, HEEHRs
I RAFHERT CdSey/CdS L FRGIK S, KABZAN 4nm, F¥HKE THEEEHN
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SE. 7E pH7.4 #) Na;HPO,-NaH,PO, Zrp i+, LA 365 nm ¥R, AR 642 nm
KT EIRE S RRIRE R AMXER, RHRY 020 mgL!'?,

BAEZEUSAE ZBRARERMREEMHER, EHEIETERT FHREN
3nm 4K CdTe JKRLF, ABEAMBEARNTHRAGHREFHAR
#HHEM. CdTe 49K T7E 320nm LA SRAI KSR, 7E 524.8 nm HRIEK
4. 2BEABENEREEMHE, KINRBIENAZE, EELBRESA®, RtE
R E 467.2 nm, FHHIRERE. ERELREHT, BEABRERKERE 4~
40mg /L TEE A 5% AREMEZ B REEXR, RTIR(30)4 0.28 mg/L(n=10),
e RATASERERARORE!.

GUKRLFHE R TR MERAF AT R, EFZHTHERTEE.
WAKRFEEMFRFNERE, AREZERRMSUEFRT FIE, KR
1 (2L T RS A, (E AL ATAT A E R MR A SRR A A RS BT 3R,
HATBFAERASTFHNACHE—ERE, WEEN. RAMEFHAK
LT BOHI & 2B H L, BHRE RGO MRS ZKAEARE, TKH
SRR T REAE, BAKEVHBHERRSY FARERERFTE D
RE. RIVEEETHFRORERN, K SEGRRTEEY T RN §T fiE
YE .

3.2.2 fER LR LR EB (FRET) AL L 44 BN A

1948 4E, Forster 813 T RAILIREERES (FRET) MEN, XR-—TMH
B ERNENFRAMSTFRMEBNEAR. YEERANRAEREREHATT
RIRBOLEES, FERMSEANRTERTEEUNR, RERE—FIER
LR EES, XMBLS M FRET.

EERF AR A TR BB T E N EY KRS TR RSB E RIS
WIRE ML T k. s, REM4B. FRET XHEEE HA BUSE KR fMEE
SRR, RREEEMELES, RTTRATHREYRY THEAR. KR
SR THEES, B A AN AR BHTHRNTR, ARG SHERRAEER
g P g E ARG AT 00T . BERBAG—BRA (D-A) MZRARETUEER
BHAERTZN, FEAE: (1) SREEHRIDLE SRR HNREOLE
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UDAES, Q) KB SHESEHTAECRDLANELHHRHET: Gk
Bk, SBEZAY BUARBER, SEREGBEBHLELS 2R/, M
MFSEHMA, SHESTFEEFER. HARE. KEHE. RTRENETR
EENSHER. TR, BRI —AEEHN D-AHRBEAEZN.

EFAOTRAETAN. BHRILEUREOBRAE, BREIERN
fH, EIECRES TR MET FERT MAY/ERENEE. RERAEBTAN
BB ER, #ITEAE - BERR L AT RMNE Wang EAVEMNAR
S % 611 nm. 555nm B4, KBTFASIRICALESES (BSA) A
AmEAERE (g6), Y-EHR LKL LY, BSA LHIERTRKTLHE
%, 1gC ERSEETFANFOLREANMAS, XERATR. HARLESS,
B ET AR ESE, RETHIEREREDB . YA KRIFICE F AR BSA B,
TS5 QD-BSA K4 ES, ¥ OD-BSA N E &9 EEVTR, BIET 34k
BBHEBNEE. DEEENN CdSe-ZnS Kittk, LAIEE(CyS)hZAE, FIAAN
FIRMRAE AN, EEEESENTRETHREERY, TR
PRV BE R L% FRET RIBEW LA & siRNA %0717, g4 76 2005 EXIRE T
LR R i % 55 45 M i) CdSe-ZnS Shfittk, LAEH A QYS-7 h5ttk, FREHF
BESES (MBP) fEREERA, ARTR—MUARKN 5ARRZAEZE KR
BEBIEURFRNMESA—MHZAz g REs!Y,

WAL 605 BT AMIEHE-5 /EAMZ/hxt, #2 T #l DNA'F1 RNA
—Rev kU6 [8) R R A K f5 FR88. LA 560 BF AR QSY-7 5 Cy3 fEAH%
k%, MBP b BR A, #922 T R 288 (9 FRET 45 &%, 2004 £ nano letters
B T UL CdSe-ZnS HAt4E, £ 4KK F(gold nanoparticles) 32 1&, FTHIRK
FRET A%, 3#EHR T % RREHH CdSe-ZnS 5&4 KR FHEAE. T
7E 2005 £F JACS th3%i¥ 7 L QDs-gold nanoparticles HJEH) FRET A%, 3 AF
HESEMRAAEME, bl cdSe BF AEWMMARZAHET HEREN
M A RIS, 2007 4F Hui Peng @ T —HHERMET HEBRK CdTe BT
FY PR IE I #%% DNA # FRET 9 DNA Bt aag!®, shnR_RETHEM
FOLRR, {UHLD B DNA e .

EAEMATHEZERET AAARBMABFERLLERREE, LK
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KA BFARAFEMNEYFRONATEE. BT ATRITEAREYETL=E
TR, WSEIRHEA R AR FEshME RN, SR MRS F-Z 5
HEEH. SUFEHRINEFRZINERAREERTIEN, BATRSEZAR
R RETRBRN Y E. BFAEEVEARATRASETUREEN. BFR
EHTTRER A ZGYTENE TR AN MEAEIKRRE LHER. R
. RENEGREORREDEL, THRAZELRE, FTREGNFRUET %
(i

3.2.3 FE R L a1 B R AR £ L A

fEpH 5.0~9.0H1/KEH+, FABMPKBKI[(CAS) | EBA LR AERKITER
(MXT). ®EWLE(EPYMRLA B ZONREFH RSN RIAKIERANEE, AR
BERKOREMA, SHILREF U (RRS) K TR 7= £ H AHRRS K, BKH
RRSIEAT F292 nm (MXTARK). 285 nm (DNREFR)FI315 nm(EP A R). SubR
TR 22 3] = 4% U (SOS) M4 BB (FDS) SR E B B 1R . H B KSOSIEAL T 540
nm(MXT#4& %)#1560 nm (EPLXDNR#A R) , & KHFDSIEZ 7L F 335 nm (MXT
f5%) . 320 nm ( EPH&R)F1330 nm (DNRIER). E—ERMT, 3FES BEQD
WEHYERERIEL, REAHR®RBE, 3F3FAY KR HRE36~911
ng/mLZ . H(CdS) MXT# R R BE R &, SMXTHK H R 2 5 411
ng/mL (RRS) . 318 ng/mL ( SOS)M1316 ng/mL ( FDS). L& R T —FAFKHEIL
WIEHRE, R, BHEFOE N B AR LR R A H o i,

EFEAFOMAEEEME CuS FKRLTFHIERC B BN, BT
B ERA RO T % BELRENHT, M AMLEREOMEETCEND 01~7.0
ug/ml, KHBRY 13 ng/ml, XAMHE AR ENLEEE Y 0.25~11.00g/mL, Rt
BR 4 26 ng/mLI'#,

4 RHFBE
% LFR, BE. RAKMRS, RREBIKMHRER. REMIHR

VR GRS AT R 9 X — B R BRI AL R TR — R
FIRAF AR, 3R T AMIMER. HMNXEGRP L IR R AU
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i Pl R e A7

HRA T2 RIEE, RN TR M X — AT RRIRE. ik, FCEH
AFIRBER L — AR TRBLRAKENER, BETERTE HET
AEHERBRALEFRNGTRSBAKE, P OEMAR. WALEARLE. LR,
LR LBRRALERS—RIISKE. FRBHER. BTN, REER
. X SHRATSRAAAMEES TINORES . RONEWHTTRE, BIRTE
TR, IEH RRS ik, URENSEREF. HUNENS THEE1EH
135 1 RRS BIHM. RO LH R & BAK & T RME RS LAROKIEM RRS &
WE LSRR, MR —SFRX LK RSN BERE T 26t
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WX RERFEETKREEERXMOFA, XALBEIY. SRELDFEH,
= e REBE(TOPO). =FHBE(TOP). +/\BABHIFKESE, SR T HAER CdSe
a3, (B RHHIEREEZ. 25, ERAFNHENTE. RILRNFEM
SR AL AR 5% CdSe Gkt RSN S TR T KBH & XHH R,
X FKBEtE CdSe 4IKBLITFHIE M EH — L C#RIRIE . Palaniappan Ff NN-ZH
WO AR, FRme, T o FNNAEHH, BERENEE SRTKENE
FLE, Lim 20 3-SR RE TS WA R L Rk BRE TKM, 577
W, N8P 2Ll NaySeSO; HATIA, S ZME N BIHHIHIE T KB ERFELE
(249, gt g 23k P L2 BB AR ELRR R SE ), AKAB AR T WAL B4R Y Andrey %
LURR A (FEZE. 2R R, HEZ]. FELR) MREN, §8T
FSUERY 1.4 nm-32 nm)BLEAK R DUFRRIATRER, NN-ZHEM
R, BEREENETE, MRS RELRAKRYY: 2007 4F Jasieniak F&
B T AR EHEIRE E K CdSe 49K, AR T FRER Tt FRY.

£ EATEIER E, 23X RLUATERRN. HELRN. RERBRENTS
Se, W UEE, SALENEE, KREANMR, KEERTCdSedik. B
SITEM. HRTEM. XRD. EDSZXTE&H. BT T4, B FAkE. Ko
T G E 2 R AT TR IR RET. AYECISeaR A
TR R 32 R RIRRSHI W, LR QIR B h TR R e R L & R B FHZ
Py ] Bedk .
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1 KRS

1.1 688, A

oK A1 L i T 308 i 41 B F B8 (Transmission electron microscope, TEM)
JEOL-2010 Z{( HAEF )M, ik B £ 200 KV. X-F & AT KA D8 ADVANCE
(Bruker/Axs, Germany)#li5€, Cu3E, A=1.54060A. It YeiliFn&shaT Motk A]
RF-5401PC % 40 Ye ¥ B it (Shimadzu, Japan) and UV-2550 43 Y6 6 it (Shimadu,
Japan)fll 5 . 4I4MEiH VERTEX 70 440 4#X (Bruker, Germany) M, KBr
FEA. BykERA DYY-II REEEKN, BXEABE 1000V, BAMERANM
0.5A CIERA—ER ). REZKY. HEFNM. W, WMELH (4,
Alfa Aesar A7), EWE. FREWH (Mg, LERREED, SRET (Na).
K(D)+ Mn(I). Cu(). Cd(I). Mg(ID)~ Ni(I)» Zn(I). Cr(Il). Co(Il)) ¥#: 100.0
pmolVL KM FAM K L BRI S . SMEFHE GREXRA, PEEMY
SRERT) W 2.00 pg/mL KER. HERABASE, RERKA Milli-Q
FBaiK.

1.2 CdSe 4K &AL
1.2.1 FHM-CdSe FKEMHI%&

Cd:Se:TiE#=1:0.5:2.6

KHSe (%1% 0.1145 g KBH, ADMERS, REMA 6.0ml EEZEBEFK,
FOKEHAH, REHATE, RS MA 0.0800 g Se ¥, Bt /MK
AR KHSe.

CAd-H MR ESEBMNS%: B 02006 g 75 8 #1(0.68 mmol)fl 0.0583 ¢
CdCl-2.5 H,0 (0.26 mmol), ¥ T 200 ml £EF/K4H, F 1 mol/L # KOH i pH
EFRFENEOG.24 K 11.2), REBERS, BAOHH 20min, &£,

CdSe ZIK ZVAMBIE & : ¥ 0.80 ml (0.135 mmol) KHSe ¥ #REF# £ Cd-
FEREAEET, REMAGR 2 h, BRHREABELAKEREE, FRAN
RS, WAARE, HaBEHENOTLRAKAER. — o REDH
FREETKES, ABARERRE L, B2EREREHES. T/ 13 HL0-
KEER 2 K, BRAAZER?2 K, FH.
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05 BEEAK RS RIRRE SRS RS T2 AR 528 Rt SRR B L IRER 5T

1.2.2 FEFEHIFR-CdSe LK R IHI &

Cd:Se: FiEITHIER=1:0.9:10

WA EI%: B 0.0711 g Se ¥1+1.5874 g FHEIEHIM+ 5 ml &K, BEAH
P VLRV AR LB, VIR TELEM.

Cd-NH, PR &% %1% B 0.2299 g CdC1,-2.5H,0 +5.0 ml &K, EHREATE
fi.

CdSe Gy RBEBIHI%: EAEADHBERINA Cd-NH; BLAWEH+, BWAH
 (EREAET) REO0S5h, —FHRFREAEKEK. REIRET, KHE
WEARAE ., YEIRITIE, &R 1.3 ZB-K (BHRE) KREEBIERAK, ERAL
BEVCRFIIR, SR IFREIE AN ME, &, KEPREFH.

Cd:Se:KBH;: #FEFKHIFR=1:0.5:2:2.4

WS AL A R 7E 50 ml BB AR IRINA 0.0198 g i} (0.25 mmol)s 5 ml
K. 0.0540 g WIEALH( mmol), EES, HABH, EHERRALE.

SRR RSN E % 7 250 ml K KIMA 200 ml K. 0.1142 g
KO EALH (0.5 mmol). 0.1806 g FEIEHIR (1.2 mmol) ¥ A%, A 1 mol/LKOH
SR pH DA 112, BES 30 min.

ALK BRI % . HE & AL MBI SR IR M — R &
Wi, RV, INAE FUE S (E), B8 B A A AL SR K SR

1.2.3 HEZM-CdSe FIKRHIHIE

Cd:Se:KBH4:HSCH,COOH=1:0.5:2:2.5

WEMAHER: 7 50 ml BFSEFMIKIMA 0.0198g A} (0.25 mmol) 5 mi
7K. 0.0540 g G ALE(1 mmol), BES, WA EHRHEEREE.

FRZB—ERAYEIE: 7 250 ml BEPKKMA 0.1142 g KERALE
(0.5 mmol)~ 200 ml /K. 0.1426 g Fi%: Z. B4 (1.25 mmol) ¥ ##, A 1 mo/LKOH
VAT pH 0 112, BERSY 20 min.

FALEAK RS % B A NBELRERMAR S E ZR—Ri &Y
Ao, BES, MAER, NTAHESRERIEAKRER. —BARED
WIREFKEES, BaRERREe L, BXENERE.
CdCl,:Se:HSCH,COONa =1:0.9:10
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HSe¥sk: #REX 0.1070 g Se # (1.35 mmol). 1.7243 g (15 mmol) ik ZHHY
ARmAZ 15 ml 80K, EROEERR N BR TR 1 min, SLEIEBEL

EVAIR: FREX 0.3430 g CdCLy2.5H,0 (1.5 mmol) ¥ F 10ml &Kk, if—4x
TR BRRLEN CdCly-2.5H,0 Wl

EEEARIEN HSe WP, BMABRBINERREABRR, RE, Bl
SR&BETRABHE 2 /M. BEABERRE—ERRAZE. 2h, FILEAOHET,
(EAR, REHITELLE, H 13 NZB-KBAWER 2 R, REHRAELE
WEZIK, BWEEF, BBANMEF, HETRET, #H. EETH CdSe giX
R«
1.3 CdSe 4K RS, WARMEHWREN R LE

WAL K RTS8 JEOL-2010 B4 s MMl . MR 41K SRva WM 76
ML, FERRRERKRT, EIERE 200 kV NS H T HRHILES X
SRS B TR REREE  X-HE&A75 21 % D8 ADVANCE (Bruker/Axs,
Germany)fll5E, Cu#E Ko A=1.54056 A Il @ ALABAK Rk 4. Lo tiltaY
MERHRUHEER

B—A 100 ml f U R, IMAFIEFH CdSe Kk SEw, HHRE R U BE
POIHZELEWE N 0.01 moV/L RSV, THRRBMBERE R 3 cm. £ U BUERY
—EREAG BRI, (SERABENEREE), 5—HENEBAREY N

(5ERBRMARAIE) CdSe BHENRE, BIKSH: U=360V, A=4.0-2.5, Bl

HHIKHET, MEAKEFREN.

1.4 CdSe 40K GRS WA K. RRS il
BARFE i E & MR AR SR, 25 TR B RRYOE, %
EAMNHE T LERE BRI, HU lahem (B AMI=0) RS, LI
FIRBFEOAHEE, RS ENMARAE (Abs), RAEE (F) M RRS i
B (rgs)o
1.5 CdSe J Kk RERE— L& BEETFMANNER
BEEMECRPKRBRE—ER pH T4 %5 Na@). K1), Mn(1l), Cu(Il). Cd(Il)
Mg(ID)« Ni(Il)s Zn(l). Cr(Il). Co(I)BFIEM, EREI-ATRRYK. FANHE
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W AR MOE % RO RIS R W TR Y 0040 5 {7 09 TR0 3t e B KU L it 50
D ————— e ———

JePR A S e i LA RAHRIM) Abs. F 1 Jrgse
BEERWURPKGHEBE—CH pH FoR5HBERILEER, FFER=
Bl e i UL R AR ) Abs. F i Irgso

2 HBRGTE

2.1 CdSe 4K BBIESHR.. RNEBRMEHKIRIE

BEOAHB K BR, EER. SRR, RERDREHSENHIEE CdSe
MART, UHEZROBENRRE, HKSBRALHEN . LTALKERDR,
HIFEME AR, SRR NAEZR. TRROSENHKHFRLE
bR . BT EEXAREZRENBENE R CdSe MK ARNESR.
SRR B R, BT, RBRERE. X HEMHT T RIE.

2.1.1 CdSe FKGEBEMT

CdCl,-Se-HSCH,COONa A %%, Cd : Se : HSCH,COONa =1: 0.9 :15 Bl &
CdSe K BMERAE 1. BRAFHERZLIN 140 om, SMEIFKH KL 20 nm #)
NI E), AT 2-5 nm KM FAR (PED, ERE HRTEM (HED
h, RBAHE CdSe 4 TFRAEREH, B4 Inm, KL 25 nmm.

M | CdSe ZK MBS L Bil

Figure | Images of CdSe nanocrystals by TEM
#F CdCl,:Se:HSCH,COONa =1:0.6:15 FIBUK AR, FERRI CdSe FiK ATk

1{#%% 200nm (B 2) , SEX/MIBR. KB K42 4 nm 76 K/ NERLA
. Cd:Se BEMGUKRIAREWEK, LEMNMLES 1:09 K, KRR
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7 K7 R 3

SR EAE 1:0.6 AN

g iz | .

K 2 CdSe 90K 57 B ST LBE (&, )R 1 A7 5 ()
Figure 2 Images of CdSe nanocrystals by TEM (left, middle) and ED (right)
7F pH 11.2, Cd:Se:KBH.: i ik OB EE=1.0:0.5:2.0:2.5 F, %] CdSe -3fiAt L

RAKE, GRS, R E AR 2-4 nm 28] (B 3).

4nm

B 3 CdSe 44K df HE ST M B2 (A, "R F AT S ()
Figure 3 Images of CdSe nanocrystals by TEM (left, middle) and ED (right)
R, 72LLF ek FI7E pH 11.2 K Cd:Se:KBH: 4 3t 2 B #2=1.0:0.5:2.0:2.5
T, #l#& MR A 2-4 nm CdSe 49K R E A F BRI R

2.1.2 RERAEUE M

Sk LR ALK CdSe K A B G UE M 4T CdSedhK S AL R T6 % LL I
#1. Cd 5SelR T HIIER2. MBIRT & L] (£4012.9%) 58T EBI (14.53%)
i, B LIRAECMMARES R, AN K12, FERMMEHETL L
RRAR AT e 272 A4 CAS1 ™), INTT S BB ey e 19 7 35
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1K FERARRNME. BIERK 5KES RN TRRPOM LA ARZNERAT M PR
e e

F1CdSe ARBHROBEIRER
Table 1 The result of Cd:Se:8:0 of CdSe nanocrystal by energy dispersive spectroscopy

Element Atom Cd Se S O

Element Atom % 2875 1548 1290 1453
Element rate 2.0 1.1 09 1.0

2.1.3 X St a4

ME 4 TR, FTABE CdSe ZKBIALT SR, ETFIKRMELRTAH,

KW FRMHHEREEE, REFEES. XERRAD (2-4um) TIFBATHER
. XEEHBRMLERRER BN,

Pl )

el 205

T T T T T T T T T v [T T T T T T T

Bl4 CdSe XK XRD B

Figure 4 XRD pattern of CdSe nanocrystals
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2.1.4 CdSe 4K RS HE

1

o -
8 8
— ]

o
8
U T

o
]

o
3

Transmittance

065 |-
L " {

1 Y A 1 A 1 2
5000 4000 3000 2000 1000 0

Wavenumber Cm”

5CdSe #Kf IR itk
Figure5 IR spectrum of CdSe nanocrystals
7E CdSe K& IR Jtitth, 7E 3435em™ HHEH BIRM, 1560, 1380 cm™ FHL
AR, 2076, 1223, 898. 774, 700. 565 cm™ BHEH FHMRUK. 3435cm™
BT TR N RFTE, 1560 cm™ 24 vas (COy), 1380 em™ 24 vs (COy)IFFAETL
Wi, 7E 2550-2600 cm’ KM vy FIRFERML, HEASMELL Cd-S-CH,COO T H,
i A& A Cd-OOCCH,SH #7E.

2.1.5 HIkAHT

Bk Smin 5, BAK CdSe MIERBS), ERHEEME, SRRARE (B 6),
PLBA CdSe WA 5 7 5 AT o

M RFALSFERE CdSe SKBHATRIE, RAEEKNEFEHRE
CdSe X EAEHAR, HHRBRKHBR. T0HMESIETRFAKNFF Hl&EH
gk BRREERE, S8, FHAR. FHEH CdSe gk RBRERETY
HOURN, RREE0 5 IERMNMHEEFALERRLERA.
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BT BACRAK GBI FAERIU S S8 BT ROE 9040 A B S AR U B R
ettt e —————— P —————

P 6 CdSe 442K 3 A K Smin B

Figure 6 Photograph of CdSc nanocrystals solution after electrophoresis 5 min

2.2 CdSe 49K B¥EHA UV-Vis BHOLH

R T AR )& FAFX CASedh K MBBOL MW, EMNAME: 1" CdSedik
#h, Cd:Se:SMMEIEHIMR=1:0.9:10, NHAE%H; 2° CdSeAkK fh, YRPE/RIL 514,
HRERERDUN1 192043 215 3" CdSe# K&, Cd:Se:KBH.:HiETHIR=1:0.5:2:2.4,
pH 11.2; 4" CdSeK &, Cd:Se:A7HM =1:0.5:2.6, pH9.27; 5" CdSe#K &k, Cd: Se:
KBHs: it Z®i=1:0.5:2: 2.5, pH 11.2; 6" CdSeffi%|%& 4, Cd: Se: KBHy: FriM=1:
0.5:2:2.5, pH 11.2. EfIRREOEHE WE7.

ME7E H, EARRZEETERONKRERERREHREEHE. 17 CdSedK i
BARBBAELE/NTF 596 nmZ JGFFEI N, 76396 nmiHERH ;27 Z9K SRl 26/
F590 nmZ fa FFERIAMN, 7E410 nm AT — el 3% 4K SR A WL (L AE /N T 588
nmZ JEF M, 76500 nm HIVEK: 4" CdSedki (FrEmMaR) WkfisE
F607 nmZ JG FFERIM: 5° CdSedK &l (Bt ZBREZE) BRI {EZE /T 540 nm
ZJEFFAM, 464 nmBUEIE; 67 CdSedK i (FrifMREa ) 7640 nm RILH
whiaE, S10omiBAK. RIFXZMEENS. FRREENI 2, CdSe
K BV AIIFES90 nm B IT 46 IR EA R BIBINER, S"CdSedi K MEHIB A
£950 nm, FEREAECISHXKEF RO BREREALBET). RPERLZBRIENE
PRI FE BRI CdSe K BRI RD, ik ZARK BB RN BALFTHRIE. K
FRARSR, 1 Fr R AR A SR B SR B RRAR (4 42 R A7 B AR K
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FER K [ AR 3

T T b 1] o 1
300 400 500 600 700 800
Wavelength nm

B 7CdSe 49K UV-Vis Jik
Figure 7 Absorption spectra of CdSe nanocrystals

RBCEHIEA KM RTRPIEREE, BRHEB R IRBE I R
KATEHR TR AR B IS . #48 Brus 78 (1) FIHESRIRLENEEL
o1 1, 18

E=E, +2—(
£ 87 “mgm, mym, Amesyr

)

K(1)F:Bg HGKRF HEMEFH KRR e DYRKMBER. h AEARHE
. e M TFHAE H¥BEBTRMER. me. my HEFURZEREAERTE. CdSe
() Eg=1.975 eV,£=5.7, m. "= 0.13 my, my = 0.44 mo, mo=9.1095x10°'kg.

5% CdSe 44K EIBRAE 464 nm (2.679 ev) ME HILRUE 8. HRIEAR(1)AT 4
B, AR ATHEI& K CdSe NCs HIHIZ2L% 3nm. HERSEH BMIALR
H—B. TREOEEFES R ERTTIFINEEE pH 112, Cd:SeKBH HE LR
=1:0.5:2:2.5 R & RAGK BRBRE D, EAHEHN.

2.3 CdSe #K BB BT
2.3.1 REEIEFEREW

R T RARABAERRE&F TARNAKRBHTLE. £S5 BRBBOLHE
MFAMEFETEART 1% -6* CdSe 4K, EMMINAEWME 8 Fx. M 8adl
UEY, ERRFEHEMGKES, RE & RFROTNL, MHKTEHEN
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AR BREBE BT B, AT R BB RE # R R A 7E pHI1.2,
Cd:Se:KBH4: ik Z8=1:0.5:2:2.5 B & AH 5* CdSe Sk EHZ I F .

B 8b K 5% CdSe JK BBFBMR B MRS Kk NEPEY, BABEEK
fi-F 277 nm FHE, 7E 395nm . 444nm HPKIERE. ©HBRRARSE KA T
556 nm. ‘EHIMXFEIREREMAKE (1F-4F, ") M6 EE 162, TR
KNRFHEEABREERBEKZEH 279 nm, HHEKH Stokes f1%, HFFHKE
e g e AR B R A

FRI%, BI7ECA:Se:KBHA: S % Z.8=1:0.5:2:2.5, pHI124&M4 T, 5* CdSe
gk BMEHBE R THREHFER; 57ECd: HSCH,COONa=1: 10 T#|#&HICdSe
gk (RARMEE) MH, HERRZRPARKAHTFIEHER, EMERZMH
T, FEMFEALHBRENKTRE, TRENTANEREN,

s

o EyEEEeEE®

400 450 500 S50 600 650
Wavelength nm

200 250 300 350 400 450 00 S50 600 650 700
Wavelength nm
8 CdSe HIKBBHIMFHIE (a: 1% -6"CdSe;b: 5 CdSed
Figure 8 Fluorescence spectra of CdSe nanocrystals (a: 1* -6* CdSe;b: 5* CdSe)
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P K - E AR 3

2.3.2 RERE AW

AR&GTARMK CdSe AKGBRBREZRETHE, BEIITIBRINARRE
BB RS RN, RAMBRHERTRE: HKBEBEZNNE
BB RAENRBZER, EAmZEETRERERSNARETREELF
5, BRRTEPHAKET, RIHEE, REGBRDOOCE, FRA LY
HEBFOAKE, BRERIM, ETRESENER, TEFKBRIN R
B BREL R OdS, TTLVE MR AR R Fr=E >,

HbREMMBEBENR 4 20KE (B %), HIENMMRKKMEKA 566
nm, HXFEHRIBER 43, BE 3 K, lm AR, ERRMEBERAIFRE 3 f%
(1:=134) , 5 REFRKBERE 5, HH A BB 1 nm F 565 0mm. 9 REFL
BREEIRE 1418, T A BB E 562 nm, H—HME NS RE SRR B2,
£ 12 R2 G 434 nm WG IR R 41 008, Bk, BUEREBAFHNTRLM
38, B R RIRE N RE S A KR ESOR R R B, SHAER,
CdSe K BEREAKE, 1 5* gk @BFOERRAREHERA W 4" 8%,
RE 12 RFEIBE R 36%, TOEX lem MRS (B %) , ERAEEN
RCRE REFIN

700 T v
9 I 1000 ] —r - - T
600 500 15 °
HYAMBERY 12
500 8001 9
7
7004 3
400 4 600 - (1]
. 3004 o 5007 dey
400 4 4
200+ 3004
1004 200
100+
04 o]
T Tt T L L T T L T T T T
450 500 550 600 650 400 450 500 550 600 650 700
Wavelength nm Wavelength nm

B 9 4KBWE SRR R R AR (a:4'CdSe, b: 5'CdSe)
Figure 9 Effects of standing time for different CdSe nanocrystals solutions on the fluorescence spectra

2.3.3 %W pH HEHBFE T

BL 5* CdSe 4K & 20Ml, BRSLT pH MEMWRFOILBIEHZW, &RwE 10,
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I EiR

B 10 AF pH T CdSe 4K MIFBR At HRE
Figure 10 Intensities of fluorescence of CdSe nanocrystals solution at different pH

dE AT, BEEEMA R pH 5, FOLBEZHER. EREMN AT (pH<D),
I PR REER LK H, BT RRGRR T RE N AR, SEAKBRLRE
BB EEEH, BETHXABRERNBREN, BA9KRMTHITRIAR,
B3 IR T M. ZERMEN R, BE pH HEAEK, BROTIGREY K. = pH
RS B R R ELEHIE, RABREMERKE, FE—ENMNEAARK
HlaE., X—HEV% pH EETHXREREHFE, LB CAMRMAESK
$ 7R, THESZE CdSe J kBRI RHEAER CAOH,™, EME—ERE LHR
Tk BR M RERME, BRTFELRN. AURAKSESTE, CEBREN K
AR B B IRt .

g TR, fEAREMERFEEERYL 5* CdSe KRBT

2.4 CdSe 49K BB TRFBAIBS (RRS) Jeikk

Bl 1%-5*CdSe 2K RuHUA B, IR T eSO k. RE 1.
b F A& A ENAKRERANRRE, BHOTHER, Bk BahuRk
ST NGB BT, R BN SRR, TR KU R A
R (3 B BB B T R MIERFI ST « 304 DA Ao HEAT RIS RS AR B
B E S A E 2. KPR T HHARS, KT RKEES. ABF
FEERYRL, SEEERRENELEFER, A THATENTE #
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PR K F AR X

600 -
soo:
400

2 3004
200 -

1004

04

O —T T Y v T
200 300 400 500 600 700 800
Wavelength nm

11 N CdSe 40K B BSLRR RIS i (17 -5* CdSe)
Figure 11 RRS spectra of CdSe nanocrystals (1% -5* CdSe)

T 30
0.6 1 25
20
0.4 4 ]
» - 15 —
£
< g
- 10
0.2 L
s
0.04— ., - -0

Lf LN I M T T T T
200 300 400 500 600 700 800

Wavelength nm

A 12* CdSe 40K BV HOLIRBFIRAT il 5 R
Figure 12 Spectra of RRS and absorption of 5" CdSe nanocrystals
(2-4nm) &, BLEFF=A AL BO R FFIBUN, T 320 nm 5 F BT 8 AL F Rk
W, FEGRE A SRR A (B 12) .
5* CdSe SR RIILIRMAIBA TS, HAS S HILLTF 320 nm A1 559 nm K
I, BERENKBERN RRS BEZWAK, SHHGIECENLTEW, B
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I F WLEAK RN, RIORE TS RETMAY AR AR T NIRRT F 8 7

AR BON BRI IE TR TE, AR EE RRS SREHEH T —E AT REM
2.5 CdSe AR EFBESRETHMAEERN RN RAKE N

2.5.1 7EKHP RN

5% CdSe K BERMNEF (0 pHI0-11 £4/) BRBENT L, BEEKE
4T 5 Na()» K(D)» Mn(I). Cu(ll), Cd(ID. Mg(ID). Ni(I). Zn(I). Cr(Iil) Co(Il)
B TFAEERARRETI BT ABIE, FEPHEAR (W: pHD &, $iK&EF
HHRABER, ENESLREEBTHEERNTOLHZRME 13 Fir.

HER R, 34 CdSe 49KdAs CrAR R, BEFETREBEWR, T CAIDEH
KEBERRIRERA YR, MR CuDBEFF CdSe 4K RIFBH KK R,
e &4, TIA CdSe 40K MIE N IEr, FIIRIZENE Cr(1ID).

250
200 -

1504

<5
1004
{
504

0

v L M ) L) L L v T 1 M L] LML
jon 0 Nat+ K+ Mn2+Cu2+Cd2+Mg2+Ni2+Zn2+Cr3+Co2+ -
Added ions

13 £BEFX CdSe KRB BAIALHIL A
Figure 13 Effect of the interactions of metal ions with CdSe nanocrystals on fluorescence intensity

WIEKARF B CdSe 41K BRMAZEAE Cr(IIDAY, Cr(I¥KELE 1-7 nmmol/ml
B R 59 L IR AR IE B AF=-5.1667+40.405C, R=0.9969. #HFRA 17 ng/ml. H
FHEEEHT, EHE-NESBBETARITR, HEFH—EHEEE, K& CdSe HiXEH
YEHRE R ERE Cr(IN B4 € T 2hit.
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300

2504

2004

150

1004

50+

Cr(IlI) nmol/ml

B 14 Cr(Ill) YRFEE S CdSe 4K BB R IHIXRR

Figure 14 The relationship of fluorescence intensity (AF) with concentration of Cr (1II)

2.5.2 £ ZBVER RS

5* CdSe m%%&zﬁg_ﬁmﬂ%‘cfﬁiﬂéﬁéﬁmﬁ%kl‘&l&iﬂi&b&ﬂﬁm 556
nm BBE 470nm, EREABTS5SBETF Za(D). Ni(D. Cr(ll). Cu(l) KA,
E 407 nm MHE I —ANF e (B 15, ZRGEIRKIFE Zo(ID) Ni(D).
Cr(I1D). Cu(ID (& 15), ZEMAM T RIEEXT EATHIARL L PR 7 74 : 26 pg/ml (Zn(ID))s
31 pg/ml (Ni(I)), 48 pg/ml (Cr(IID)) A 110 pg/ml (Cu(ll))o BIRIXFH I AR K Y
SEFKEAEMXEY, BRATHEEMNHREERH, HFEELEHEFRMN
SAHH, LB WKE, EREET MR

RTEBEFESZA, TLR T FERE T KOESFIXEBRBIZW. Bl
B41 Cu(l)5 8-123mEmk (8-Hydroxyquinoline, HQ) R EMME FKHEEY
Cu(HQ),"™). 7EZ B M Cu(ll)5 CdSe 4K MR JF, 407 nm BEHIR AWM IR,
BESMA HQ ZJ&, T Cu(iDs HQ HHENBEMESY), THHAT Cul)
B4k RG4S, EB1E 407 nm HHEMTRRER, TidE 470 nm I KR 5T RHX
B (B 16). BRAXFEARNRAERTRTFREZERENELLSERET,
B RAMARLESBE FHREAFTHIBAPRBESERE TSGR,
F R NI IR E AW
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BEoE ARAKSNHE . RERK SRS R TASHNEE R ST RB BN N
ettt

—
10004  1cCdSe-EtOH
{ 2CdSe-EtOH-Cr™
8004 3CdSe-EIOH-Zn" 3
4 CdSe-EtOH-Cu™
5 CdSe-EtOH-Ni** 5
600 4
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Figure 15 Effect of the interactions of the metal ions with CdSe nanocrystals on
fluorescence spectra in ethanol solution
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Figure 16 Effects of 8-HQ on fluorescence spectra for metal ion-CdSe
nanocrystals reaction systems in ethanol solution

2.6 CdSe #ik B 5 £ FLERHEEANTOLRIER

BT CdSe Sk REHBAMLRERLEMHE N, £RRY, BRE
FHE (doxorubicin hydrochloride, DH) FEIEH ¥/ FEeh, A% A BT 1L 9 PE &
FH o, BEkSFHEVUBENHBEFRORATE, MAKRENIZROARELR
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PR K ¥ AR

BE, EEPEARTHTHEZREREARSFEAN AR, BRRERNE
HefghA., XTUARKERETRE, RNAT CdSe FKAEWHEIK 5 min
&, RAKgXRmEESS, BRmEaEk, HERRRENE. HES CdSe
MK RS DHESE, ABEERKAR, RHETIERTRAHNESY, St
FNSHEZBBHARKETRASRLEAETED, BR—HETHBESYT

ERFRWRER AR N pH {5 6.10 Z£4 1 BR ZrE#R, EEWAE 1.0ml,
RNSETE 20 min, JERAEEFTREE 80 min.

EREHT, RABERERELZTS Stern-Volmer 2K, BXFEHFE
7.598x10° L/mol, KX K&F—RHIFEKH, Hit DH & CdSe F1K & ¥ A M HIHEK
. HXBE (FYF) 5 DH REE—EHHRBERREL, X—TatiTBN
Fy/F=0.87974 + 7.598x10°C, (C B.4I: mol/L), #8X%& % R=0.9973, DH ftifR% 34
ng/ml, HiEREREMNREE, A CdSe 4K IR 7R Kik#l € DH.

2.7 CdSe MK BHA S5 L BB FANERELEMEAERAX RRS KEH

CdSe #1415 Na(l). K(I)» Mn(I). Cu(I). Cd(I)» Mg(I)» Ni(Il). Zn(ID).
Cr(IN. Co(INE FARTEKMERIEE ZBERF R, HAGESHE RRS MABER
., A RRSWEERRE, WAREA RRS BT EBET. R, CdSe K5
L RILERMNE, BARNES RRS MHEEL, Hik, B RRS EAEETEH
ZRRE .

g EFTR, AXBIRT CdSe SKEMAR, AT HEEMH, HXHEHN
KRFEBEMNEE. BTN, BREEE. X-HRATHRAICERTTRIE. B
T CdSe FIAKEHTEI-TT LRI, RIHIEF RRS Jilidett. MAgEET
R BRAER CdSe SR BENREAEL, BIRT EFMPKESERE FRHUE
HYERLEMMERR, TH CdSe KSR RAEN e FLEBE T
.
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oW TR RS S A RO SR TR e (e

FZE MUR/MUBREEUHARENHERAEERE
FHRLELGYRIER

HTE—-HSHPKRTRERAFEARFBARS PO, NTEEEEEER
FreEER. EHKRBIRALICERT —ERHROTIME, BAES—#¥
SUMHAE, RREREHNETAR, TUE—EEE LHEBRAKRARE LY
ERHAEEPL, NTREHKBIRAKE.

Peng, Dabbousi EMETHAEBANNKEYELKTEM &M THHH
CdSe/CdS F1 CdSe/ZnS /7R AK G, Guo HFEKIFW & R CdS/ZnS #/5%
Bk &0 SHER L-ERERCy)ERNRERN, Ll CdClL.  NaHSe.
Zn(CH;COO)+ NapS HER!, 7KK BL#I/87KEHE CdSe/ZnS/Cys IKMH A ZR .
H1F CdS # ZnS K BB EHZ BMALEEES 7%, BEEEREESETHEAS
SRS E IR R L R, 7T CdSe R CdS B S ¥ BARILA RH 3%, LA
# L9 CdS A B M EA K TE CdSe BRLR I L . X%F 8% LA Cd(C104)2+ Na;SeS0s.
NayS HEEl, FEKAART CdSe/CdS KBFT. H35 S L L ARBREYA
Bk, TERBR T ERAE A CdSe /CdS KK F, WA T HHE. pH
i, R IMA AR, BEFAREHEEX CdSe/CdS Xkttt Fm, Eid XRD,
TEM 3£xtH 45 M 4T T RAE" . Hao % F I L B2/ BE=60/1 BIRERT
CdSe/CdS B ELMMAKRE. Lin%pl 1, 1-ZFEMR AR, KA Nd:YAG 532
nm B0E B 5 A BUR ~H A B I CdSe/CdS & MR F A, B 100W Hg-Xe +THR
5} 24h AT LAIE B CdSe/CdS BF=%®, Li %7F 220-240°C# CdSe 5 CdO, S @i
BB FER MR (Successive ion layer adsorption and reaction, SILAR), A&
et CdSe/CdS HRMK T, TABTFERIEF] 20%-40%"%. Pan FiRET 1Y
iR (BTHBE) HBIE, NaS FBR AR, NaHSe. Na,SeSO; FIffifig
Wi, BHPEKRESR CdSe/CdS AR TFFREF 42%". Tian FLL H,S.
HiSe. CA(ClOs), kBl (NaPOs)s SIELEHA M (CdS)CdSe [or (CdSe)CdS] #7T
aK R, BIEHENRHEE, —AFOFE 470 nm 3F CdS Lse-1sh BF RS, H—1
KHFHRLAF 560 nm, AT CdS BT EBE| CdSe-CdS 74K FH.

fE CdSe/CdS BFAMMNANEEAET AHHER, TEEZHAEMN
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il PN R A UAT

CdSe/CdS BFABTFE54mEBAEABSAMEIER, KM CdSe/CdS BT xixf
BSA 0356 A SR B AR KIER, T BSA METFAMRANAEFBEMNRN
WIEFD, 7275 BSA i} CdSe/CdS B F AMIRAMER I . BREMWWETRAMT
2zt R sE A T AV Qlan %H CdSe/CdS/ZnS BF sUET Bkl %
F10 anti-Claudin-4 fE X8R4, B THRREARMMBY. Zhao % CdSe/CdS
X 5 B FHEIR L BB, Vicente 4§ CdSeZnS B F A 5HBRIM ALV RE.
EMENREREE G EE, BAATAEYDBRYGBIIERR, EdEHTR
KT HENY, Lei BRARZ-BEESKE, RE5 Tat peptide 1BEK, ARSI
AW TR, BB RESManTs, gkRaaRnENFRR",
Wang Zi#id% CdS/CdSe. CdSe/CdS MALMMNKEHIRARFEMHr, KA
CdSe AR B FF=RBE TH, T CdSAEBTFRRERE".

K BGIRR FIE R TS BRERKSRPIATH O, SRR H
%, AREHKR, SBRNETARETK FREEHTKEEHEDHRR. WK
HAEBRNMKRERAETEREETH, Fit, S80KEHEN. RAERXLE T/
FEE B EMKBRATFRAL,

AU AR E MR VB ER, Hl& CdSe/CdS #iKd&. HiiEMA

Mg BRAE SRRy, RETERMETRERAFENTE SRR
B, NEEHMTR AT R .

1 R H

1.1 {88, B
gk At e RSB I B 5T T EMBL(TEM) JEOL-2010 & (HAMT) M,

INEEE R 200 KV. X-512:475 KA D8 ADVANCE (Bruker/Axs, Germany) #I7€,
Cu #8, 1=1.54060A. RICHIEFEIETNNIELSHA RF-5401PC 5 ML it
(Shimadzu, Japan) and UV-2550 %Yt )tF¥ it (Shimadzu, Japan) 7€ . ZL5h i H
VERTEX 70 £1 4} %1% (Bruker, Germany) M, KBr 55 . Wik, BiIE LM (4
Prat, AlfaAesar A7), MW, FERH. FFAYHB (RB). MAZEE (457
g, ERRFER), BBRAKER (AS) AFMEB/NMEEE (MS) frdid (hHZA
AEMEI SR ERT) TEBKESHA: 4.00 ug/ml (AS) #1240 pg/ml (MS). &
BEF[Na() - K(I). Ca(ll)s Mg(D). Cu(Il), Za(Il). Co(Il)). Ni(Il), Cr(Il). Cd(11)-

58



B m%fﬁlﬁkﬁﬁ?ﬁ%ﬁfmxﬁﬁﬁﬂ%&ﬁ 'J%EWTW%‘E“?E%W’FW

Pb(Il). Hg(ll). Mn(Il), La(lll)» Sm(III). Eu(II)]¥%#]: 100.0 pmol/L K& # I H 48
PR EEIRERERE. AR A e, REAK R Milli-Q B4tK.

1.2 CdSe/CdS K& 4 B

DR BRI 1E D BT, KBH, 158 I 8 RS 1L A KHSe, B ZBULA
Wi, ERSAE, A CdSe/CdS #KA.

B R-BEAYNEE: 7 250ml =ARPHKKMA 200 ml H0, 0.2012 g
FrEER =4 (C4HsNa;0,-2H0, 0.68 mmol), 0.1178 g CdCl,-2.5H,0 (0.50 mmol),
Bi 1moV/L ) KOH i pH {EZ 9.6, #A5EA N2 £] 20 min.

WAL E R 7E 50 ml MR IR 6 ml H,O, 0.1143 gKBHs (2.1
mmol), 80 mgSe# (1.0 mmol) YK/K¥, BN, BiAHH. HEE KHSe HH.

WAL A K R B E B B 1 ml B3R KHSe ¥%¥#5(0.167mmol), JHAZE] CACL-#7#
MR, B N KV IR — R B fal.

WALE AL B RS K R E . % 0.0127 g A Z B (0.169 mmol)
% F 5mlH0 &, MABMALEAKEEEP, FER, ERAERFBA AR
FELEE,

sl gtiEd, WIEEERABAER. 8. B, FRELEIUR AR, Rl
AR Ko

% bR H1 %1 CdSe/CdS KB A AT RLE, (1) BN, BHBEEN
K THE: () EESHETREZHATRHN.

1.3 CdSe/CdS F KIS SHadlE
LR/ B 0K B B 508 5T JEOL-2010 E5 R B IE . HARALHR/BRAL R
SR REMTETE I L, FRRRASEKRT, EMEEE 200 kv MENKSHT
B KBNS, BTFASNERAEE. X-HARATH KA D8 ADVANCE
(Bruker/Axs, Germany), Cu 38, 1=1.54060A. FSEAK BEIMIALEH. L5 HET
i RFARLEER .
1.4 CdSe/CdS F9K BB ELI T NI, FIEil. RRS HEHUE
LR % B A B AL R A K R I B T A e B iR RO
W, FaE AR LR E R, H o= R, K RRS K.
il 43 B R R E TR I (As),  FOBIRE (F)F RRS 3B (Trgs)
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1.5 CdSe/CdS 4K BB R 5 BRETHEH

EEFEALB/MRUBHKBBEE—FEN pH T455 Na®@  KI). Ca(l).
Mg(I). Cu(l). Zn(Il)s Co(I))s Ni(I)s Cr(Il)» Cd(l). Pb(Il). Hg(Il)» Mn(Il),
La(lll). Sm(IlT). Eu(II)EFHEM, TRES-TRBRBOEE. Tt A3t f
B i LA R AR B Abs, F. Irgse

1.6 CdSe/CdS 9K By 53X L2591 1E A

& B R/AACR K R TE— M pH T3 55K K2 (Amikacin
sulfate, AS). #iB8/)i% % & (Micronomicin sulfate, MSYZ/ER, R F5M-77 RBRUL,
R0 R o i

2 ER511E

LB E BT EMGERER, 253 EMM. KBHsy CdCL. Se MG Z 8
RHIBCE, AT —RFIK) CdSe/CdS XK@, LEFAEME, RALHER
:KBH,:CdCly:Se: FiMR 2 Bif%=4.0:2.0:3.0:1.0:1.0 B8 FH CdSe/CdS 4K &L AT
BUNGTRLARR, BSIMSAS A, WA RIFHREE (SRR 1* CdSeCds),
BAh, HFFIRIRHN: KBH.:CdCly:Se: B Z Bif%=8.0:2.0:3.0:1.0:1.0 B, A BLFH)
R GUHEHN 2* CdSeCdS), B THRBERAKRHET T HHE ML MR,
S TS AT RUEERA 1* JRBBHANZ,

2.1 CdSe/CdS gKERIEH . R MEHRIE

2.1.1 BHHEREMT

xf ERFEA A 1%, 2F KBRS BB TR ANERITRIE, SR 5
RE 1A, B C. D, METUEH, 1*CdSe/CdS HiKRBARHE 4.1-6.5nm, T8
#52nm (1A, HMEEFHERE1C. B A FHRERNER 4.7 nm FKH
FLEI B S R 2° CdSe/CdS K R KB EE 3.4-6.4nm, FIHI42 4.6 nm (& 1B),
FMEEFAS AR 1 D. BB PREENERHA 4 nm FRKFRE & D P
BEETARB AT & LB RN, CdSe/CdS gk M RHH BT .
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o =0 BCRGUL R T L A B 0 B 4 2 LS R IR TR 225 Y00 47 )

1 CdSe/CdS #k @ HIE AT (A, B)RIE TH74(C, D)

Figure 1 Images of CdSe/CdS nanocrystals by TEM (A), (B), ED(C) and (D)

2.1.2 RERBEEEHT

ik 17,27 CdSe/CdS Ak d i fig i USRI /T e R IR 1 1k 2, SRR,
1* CdSe/CdS AWK M) Cd:Se:S:0~2.4:1:1:1, W LLANRBLAMBIRIEMALT, T
M RESFRM. HERAREESRAKER, WAOMARK (CdSesS =3:1:1),
it R G K RSN R, BANERSRE LOEFHERRCAR. RIEN
iRLE R, Cd:0=(44.32-18.84-18.95):17.88=1:2.7, B 2 4 C. Cu sCHEIKL L HTHM
SR P TR e £ 0 R ARBSR AT A R o

ifii 2% CdSe/CdS Ak R AE R (MG 4T £, Cd:Se:S:0=2.6:1:1:1.2. THRLLAY
IR A ESAEARSE, TIRMERES . S EEL 17 CdSe/CdS Fdhd, 2
D75 25K dh bl & PR FT BR B 178 — 15 AT 8L
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4000

se3con

# 117 CdSe/CdS AR RIREHBEMTER
Table 1 The result of Cd:Se:S:0 of 1" CdSe/CdS nanocrystal by energy dispersive spectroscopy
Element Counts Element Wt % Atom %
0K 4670 3.88 17.88
S-K 16354 8.20 18.84
Se-L 20490 20.31 18.95
Cd-L 51870 67.61 44.32
Total 100.00 100.00
§ :
e
[ s
Resese ) U\ J\ B
oy 17,280
P 2 17 CdSe/CdS 4k St B 5B il

Figure 2 Energy dispersive spectroscopy of 1* CdSe/CdS nanocrystal

#2 2°CdSe/CdS A RBEROMEIMTLER
Table 2 The result of Cd:Se:S$:0 of 2 CdSe/CdS nanocrystal by energy dispersive spectroscopy

Element Counts Element Wt % Atom %
0-K 1725 4.66 21.22
§K 4385 7.14 16.23
Se-L 6051 19.47 17.98
Cd-L 16239 68.73 44.58
Total 100.00 100,00
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2.1.3 X HERTEHT

CdSe/CdS 2K S A XRD i LA 3, SHdFLEEALR 3.
0421 CdSeCdS

Lin (Cps)
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Figure 3 XRD pattern of CdSe/CdS nanocrystals
2 3 CdSe/CdS S5k XRD £# 5 CdSe F1 CdS br¥E 1 S ML

Table 3 compare of parameters of CdSe/CdS nanocrystals with that of CdSe and CdS

Substance dinl 200 4220 3311
{Card No) (20) (28) (20) (28)
CdSe cubic 3.50856 3.03850 2.14854 1.83228
(88-2346) (25.365) (29.371) {42.019) (49.720)
Cd$ cubic 3.36618 2.91520 2.06136 1.75793
(89-0440) (26.457) (30.643) (43.886) (51.976)
CdSe/CdS 3.39524 2.97956, 2.09566 1.83067
sample (25.92) 2.94918 206449 1.79344
(29.41,30.26) (42.34,43.78) (49.78.51.20)

CdSe/CdS Fedh 4 A F B4 AT T 8417 CdSe 1 CdS MATHIEZ R, 52
HIDLAS, LR CdSe/CdS 4vk Rk MrHiBass, A% CdSe S#MERAT CdS
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7E CdSe/CdS Gk MIILIAMEIER 4 1, 3436 cm™ HATEE RS o B BASIE W,
1633 cm™  vC=0 HI451EIE, 1367 cm™ ¥ vs (CO)BIARRIE R MC I, 58 BE 4K & A
SSERTBRBIRTEE.

%
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B 4 CdSe/CdS ik B4 Mk

Figure 4 IR spectrum of CdSe/CdS nanocrystals

2.2 CdSe/CdS 90K SyAR K845
PATF S i 9B 2039 BL 1% CdSe/CdS SR B A T BN L.

2.2.1 F5h-T] RO il

1* CdSe/CdS 4R BEER IR BE T HLI A ML 5 BTR. AT LK S
BB TRIK (<340 nm), EREHEMAT AR BE —EHRE, HE
REB A KTTMSS, 7E 640 nm ZJ5/LP A4 AR M. 7E 400 nm-640 nm (X fi]
W, EHEKERE. T 600 nm H— B HM. LRREBF BRI
ME—EMEN, BEEN RGN, RRHEFES, 5IHFNBLRE 0H IR,

2*CdSe/CdS AR, BRMH #—HAEH T RBS (<310 nm). i 1L
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Figure 5 Absorption spectra of CdSe/CdS nanocrystals

2.2.2 CdSe/CdS 40K B 1586t i

(1) REXPKBRAK W

1* CdSe/CdS 4K & BB RIRIF L, HBKBRMRHEKAHNNT 2320m
620 nm, EWEHAFR, ¥98% HH 39nm. BREEXFIBRANTCRE, L%
Jegk BTE RSB —BREE, RIMERRS, FELENELEM, Rt
B EATRLE, OLBEEHEA, BIAEE 6 RE, RAEBETRSA | 5446 (A
6), Hit, I 4RETERE —EHLREE.
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Figure 6 Effect of standing time on fluorescence spectra of CdSe/CdS nanocrytal(1*)
ME 7 ATLAEH,  2* CdSeCdS ik BAR B B A MMM R L, BRN N
FIXT R RIK, EMRNEET. (UF 1" KR 40-50%44, ik, L%
MAMELER 1" gKRHET 2%

Y Y Y Y

© 450 day

4001 CdSeCds0108
350 4 N, sun light

3004
250 1
200+
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100 ]

50+

-50
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Wavelength nm
B 7" MER R CdSe/CdS GKBEM I LI
Figure 7 Effect of standing time on fluorescence spectra of CdSe/CdS nanocrytal(2")

BA CdSe/CdS XK BHEMEFEANPIET, EZHRB, RNHEHTIK
REIR T RAGRERIRE (B &), =KE, RABRBEHM 16 4.
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# 8 EFRFFETRER RN CdSe/CdS FKRATILRE K LW

Figure 8 Effect of standing time on the flulorescence intensity of CdSe/CdS
nanocrystal in different atmosphere

SCRERI CdSe/CdS Sk AT BHRAL, ERERAEN, FRBE
86, 4AIAE SRR, LR, W 1°CdSeCdS MK SRS AR T
FRE 2 f5, FORIRERE 5 15, |

CdSe/CdS K BEMBEHE SR EFOLME. FHBRMFOE L

VERETRE: AREFBEENARFIIETREAMAENR, Mg
P RARER SRR T REEAHS, BRRTEFHHKRNT, RFoH%
7%, REGHIEEDOP?, EHRFHSIRAEHRE R L CIS THURURE
FHREFEEMREA". 55, FEORETIERBIR TR NI RE,
Mk, EHEMFREFREEERARLERITETERK.

(2) pH 3t CdSe/CdS G1K &R I HI W

R ERI T pH X CdSe/CdS 41K & B FFIE (lem) IR FIRE R W, 45
Yo 9 Bk, TTAEHTE pH<4 MRENRT, FREARRH I, WEHEH
pH HIIRHE, RMBEEHHIR. £ pH 9 UG, BB BAME, MHETEpH9-11 Z[A)
WRBERAIEE. FETLAES, 7 pH 4~10 2 [, BE%E pH ERE, BARSH
WKEHTA %, M pH4 M 585 nm BZE pH 10 £ 612 nm ML, HLH 27 nm, SL/5
KARBAE, FLRAKRESTE, pH 10 25 BA RIFOR IR,

pH B3 FHRBERWR KRB R pH<4 KIRMEBEH P, CdSe/CdS
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AKBAIRE, SHEBBEMARREEZI NS, FEREHTR. mMHAHKE
CdS EFMU LG THAKE, S"HEH'EAHMHS, BB C+§" =CdS Bk
B3, BEE pH ERRE, ZEREFREMN, ERMEFTEPIE CS i
77, BEZEH CA-OCOR AR EHFE, MKAEMRENRE. R pH [,
SrERE TR E MR, BT SBR R,

1000 T T T Y T 615
3 — 1
el
800 - —" 610
L PP / 1
605
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4 ' h 600 g
s« awol {3 p g
4595 @&
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585
of a—0s
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B 9 pH fEXF CdSe/CdS HAKRBFHBAEMEK Uem) HIFILBITHI LW
Figure 9 Effect of pH on maximum emission wavelength (1.;) and fluorescence intensity
for CdSe/CdS nanocrystals

2.2.3 CdSe/CdS 4K ¥ B B SL IR B A B e i

CdSe/CdS 20K f I 3 e B A RIS 1% (B9 10) . 7F 298 nm &l 555 nm &
IR FIRGT £, 298 nm FHE R R4, 555 nm N RBIE, 20K BEEE T K
ZJG, 555 nm b # B 1838 5 A B 1%e8.
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Figure 10 RRS spectra of CdSe/CdS nanocrystals

2.3 CdSe/CdS #IKEBEBELRE FRAE R R RAK W

B T ZEAF pH KB P CdSe/CdS 41K &5 Na(l). K(I)» Ca(Il). Mg(l).
Fe(Il)» Co(I)s Ni(I)» Cu(l)» Zn(Il). Cr(Il). Cd(II)» Pb(I)» Mn(Il). Hg(IT)X %
RUE La(ll)s Sm(IIHA Eu(IDMEEER KR RABENZE, £RWE 11 5
7~ BIETRAKRES Cu(l)s Mn(l), Heg(l). Co(l). Fe(Ill) . Cr(Ill)Z Rk,
HIIRRAPRBREHRX, MEAPKES CalD). La(ll). Sm(I)F Eu(l)E4E
RME, FRBRAEEHER, HP Cul). Mn(ll). HgIERKEEK K. #E
Cu(IDZE pH 9.91~11.2 Z [} BB KK TN KK E, Td Mn(IF Hg(IM B KT LK
KAERIZE pH 11.2 &4, 376 pH9.91-11.2 Z [AIHER K. 4 HEL® T AR pH HEM
BR MR AR, ERRVBHBEHARE 1.0~12ml ZEAF HE—H,
B F Cu(l). Mn(ID). Hg(I)%FF CdSe/CdS ik RA MM BEAR RERAREL SR
BTERE, WHEENANT, BARKETRRE h~150 FELERE. B
BT AR 3 HERRFNEERNABREXIFNSH. BTFLELR
BT 5HKRMORMNREMME. RREARHE, AARTETHAKRBNR
HIHIR. FREFAHSHAUEE XK. |
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Figure 11 Effect of the interaction of the metal ions with CdSe/CdS nanocrystals on

the fluorescence intensity at different pH

2.3.1 KA 5 CuanByAHEAERIX R G0

(1) pH fHMEW

M pH X} CdSe/CdS Ak &M (LB 9) AILLFH, 7 pH<d4 B, JLFE
R, fEpH>4 ZJ5, B pH HIRE, TOLEHINR, 7F pH 8.9 RILK BB KM,
€ pH8.9~11.2 Z [ARFFIE . [UMKES Cu(lDRERMRS, F9K BEBRIIR N
RAERK, WE 12 afLFEH, 75 pH8.9~11.2 MIX [, AF {8/, ATLIENK
X i) 1) F 9 Je 3 K 30 SE Cu(1), B 1238 7] LA H , pH {8 AR BERL M Cu(ll)
XK E R RNFFE KRR, X RAIGERFET —E W, ENK i 283 pH
MRETRELE, FEZRFEER pH ENNRE iam K13,
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Figure 12 Effect of pH on 4. and fluorescence intensity for Cu(ll)-CdSe/CdS
nanocrystals reaction system

(2) RAHKMAES Cu(RERIXF

7£ pH 8.0 K1 BR A G, %B T Cu(l)-CdSe/CdS FiKdiE REIRK N
5 CORENXR. TRERRPRARKESE ClWREZ AR RIFHLMERX
R. 4 Cu(ll) WREEBAEES, WHEA 1* CdSeCdS Gk &, BLi 7 ik RA iR Btk
124 Cu(Il) ¥KAEE<5 nmol/mL i, B —Ist& B N AF=3.3825-43.3053C,
FIE R M0 09993, BEATY Cu(ll) AKX PR 0.53 ng/ml. {BR Y Cu(ll) WEKE
B, EEEA 2f gk, BRARTOLEER 1F 4kRE EEERMKLRE B2
gk R, Cull) WESHAMXAMA 13 Fix. i, EMNEHHEER 5-35
nmol/ml, —JC&HEEIAFEHAF =-11.5-9.5857C, MXFREA-0.9967, XF Cu(Il)
WM IR & 45.4 ng/ml, FESLAETIRE Cu(l) WA EIEREHM CdSe/CdS 4
KRAER NHREEXE Cu() FATHE.
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Figure 13 Relationship of Cu’™ concentration with fluorescence intensity of CdSe/CdS nanocrystals
solution
CRFHAKBINBRURRE: RS, HBEYE, THRMESKS
REW 7 FRAKBREAREY W BUE T FREMERR LML, TsarovEHIT
RERKY, COETHCHCISETFARARMEES—MC'BT, —HCu'BT
MEERNTEHTHERTENBIIRNEEHEL, NTSHETAHRL
R, RICABMICASe/CASHIK B SCull) BFEREEFRABRK, HMIEHE
HERCUI) BTRSIERRETNEAETRERMER, MEESCQ) BF
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_ %%‘? TLER/BAL R LMk B b & R IUS &R B TREEAYNHER

SERFMKBNRE, TREEEREASEFAKER, T RAHTALBKN
KRB HHRELT, BLRATHBTIRAKRIERR,

2.3.2CdSe/CdS 42K &5 Mo EAEFH R EN TR LW

K2 BB B L S ) CdSe/CdS AR EER S Mn(Il) KM, HEERE 5

LT pHEM TR KEFRRE M, 4R 2 pH 9.9 FHERUR &L, Suif, Mn(lD)
BIMREAE 27.5-110 ng/ml TEEIA, KA KHEE Stem-Volmer 243K, M H—TTLE
PEE S 478 8 Fo/F=1.0064+0.02258C, #HXFH % 0.9976, XFTF Mn(Il) WAL HIKL HFR
£ 11.0ng/ml, #RMAE AT IAKEKENZE Mn(D).

2.3.3 CdSe/CdS #4155 Cr(Ill). Co(I). Fe(ll). Hg(DHIME/ER &
PURH i 0p- AL

FIRER IR T CdSe/CdS gk 5 Cr(IIDE R AT RIEHIEM, RHEAT
T ERBHAKENRAREZER K. pH BN RO KTERER, HE
£ pH X 11.2 £4. 76 pH 11.2 ¥ BR WA Fid, RABKE Crll)KRE S 5E
10.4-104 ng/ml F1 104-780 ng/ml Z A 2FHBEAFMEERR, AIBRTHTRKRE
Cr(IDI I 5E , B — Tt EA 124 AF =-2.5039-1.1823 C, X R R=0.9949,
3t Cr(II)AIR H R Z 2.9 ng/ml. J5BR AT 104-780ng/ml Z /8] Cr(IINAAIE, &€
M—CE R AER AF = -98.322 -0.2793C, HXFEH R=0.9976. *} Cr(lIDi)
KR4 31.2 ng/ml, #ULET A CdSe/CdS K SR R FE R ERE Cr(Il).

Bk 4, B3F CdSe/CdS 4K @5 Co(ll). Fe(lll) 1 Hg(INKIAHE/ER KK
SN HINRAT TR, &REYWST Co(l). Fe(lll) M Hg(IDHZHE pH E 7
R pH 112, 8.95#1 991, K EMIMRARRERABE-ENTEEASERET
FIKEREH, B —T&tEERAFRESHE: AF=-4.4758-2.2243C (Co(1)),
AF =-2.5093-0.8610C (Fe(Ill)) FIAF =-19.250-0.40911C (Hg(I1)), EfIHIMHEXR
K4 R -0.9969 (Co(ll)), -0.9947 (Fe(Ill)) #1 -0.9956 (Hg(ll)), BLEIXIEAIN
44 BR 43 2 2.0 ng/ml (Co(IT)), 11.6ng/ml (Fe(lll)) A 3.9 ng/ml (Hg(ID)), B
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WX — R R R CdSe/CdS AKBBRE RARKENE LR S RATEIET &
1*3

2.4 CdSe/CdS 4% & 53 L2540 B 4 RN R I

24.1 SHEEBRIIEA

CdSe/CdS 44K & fE S EBH KM A EH M /%% K (Micronomicin sulfate,
MS)R R 3B B MR, LT pH EX MM TIMERE AW, &RRH:
7E pH7.5~8.5 ZEIHRE/NEBRXMKBERN AN BERK, HHLRIEH
pH8.0 ] BR B ST R, ZRMEHT, RANBEE—EEHEHNEY
YIIKE RIF E, BRIt TR — e A A R A X R B(R) 9 5 & 60.0-600.0
ng/ml. AF=-32+0.25C #10.9968, % FHiM/MABERNRHIRE 18.7 ng/ml, Fik
EREMREE, THTRRMEERKNTIE.

24.2 5HBMFIKFERER

CdSe/CdS Ak 5 i S BB X4 ZHRBIK K E(Amikacin sulfate, AS)R
MHBIRELIEE, LRT pH EX AS BWFOLMBIERMEW, £RRWA: &
pH7.5~8.5 2 [i] AS A 41K SN HL MR R K, EHER % pHS.0 B BR 4
AR HAT R, ERMAHT, R EEE—ELENSAYRIRERIFL,
CHIRETEE. — TR R FIEREX RIS 5IE 80.0-800.0 ng/ml. 8F=1.7577
+0.1552C #1 0.9973, %t THEM K EMRHIRE 258 ngml, HFEABREHNR
B, TTHTRENFXENNE.

2.5 CdSe/CdS K5 & B EFMAYMATIERAX RRS # &0

251 5&REFHER

BT CdSe/CdS 1K &5 Ca(1l)s Mg(11)« Fe(lIl). Co(Il) Ni(Il). Cu(II).
Zn(I). Cr(lll). Ca(I1l). Mn(11). Hg(I)& La(lll). Sm(Ill). Bu(II)A48 A 1 A%t
SRR BUR SRR, ZREH, Mn(ll). Co(I) He(I)EE{E RRS B
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BB FALRBHL RS K R IR RIS & RE TRRES YN R

BN, T Cu(l)540K 5 RM% S RRS BIK, BIARBETNRNE KM
5%, 8 BBEN pHET, RRSHEADSHE—EEES Mn(II).
Co( 1) Hg(I1 ¥R BE FRIELL, T8RS MR INIZE— ETE B W 5 Cu( IR B Z X
%, NAREBRBEFH—&tEREIR RS 5IR AI=1.3168+0.06542C (Mn(1l)). A
1=3.2142-0.2495C (Co(11)). AI=3.8348+0.02945C (Hg(Il)). AI=-9.1667-0.07398C
(Cu(1l)), HXHEH4 3 0.9977 Mn(I1)). 0.9986 (Co(II))\ 0.9976(Hg(1I))71-0.9958
(Cu(ll)), ¥ EREREFHRRERSFE: 367 ng/ml Mn(ll)). 10.0 ng/ml
(Co(11))« 80.7 ng/ml (Hg(I1))A 106 ng/ml (Cu(1l)), X% M RRS W& L& &€
ET—E &M, BREFTGHEMAL, REBERE, FSREtME, RENEHEN
#7Zl, CdSe/CdS 4K M€ BB THI RRS HET K MR A A e AR A HEH
o

2.5.2 54MN1ER

E 5% A AHT, PR T CdSe/CdS 4K & SHM/NEE R MBI
KB MMHE/ERREM RRS HEHEM. &RRALKEEHRBR/MEBEAGR
Pk E RN RENES RRS KAEHEEW, Bk, ZAKETEMAT RRS
EE iR

g LR, ATHRT CdSe/CdS 4K R a RTiE, Hxt F Uik mise 77
EHERGKR, FAENUE. BAPE A, X GHERATE RSN IBIEITT X
i, £8T CdSe/CdS kK RMEs-aT R, 3HF RRS KiBFF L. A TH
KEESRETFAELAYHAEAEAXN KL RRS HiEkKNEWH, GRRHY
CdSe/CdS 4vkK 5 BA BT A5, TN LA CdSe/CdS K & B #REr, LUK
Jer R SR RENE Cu(1)s Mn(Il). Hg(INA Cr)E &R E T RAM/DMEER
R R k£ 2 S AYBE T Eid.

BB CdSe/CdS Gk REEESBEEFRMBASIERRS BRK, RAT &
BN, EXRBEAESREETENFEXEARR, ARSEFRE—
SR .
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FIUE  FHLRAKE IR . R, TRRLIRS R B R S EOERIT RS FAR TR

FNE HLBAXRRNOHE, RIE. TOEMILRIRH S
FHERASEERTLARERBEERAR

IEEXR, 1IB-VIB 8445k % (nanocrystals, fEi#k NCs) HFRE—&R
PR I B AL R, RS RBTRF — NSRBI
STHKBEE R FWBE RN FOHT T BB, R
R, Aegrbiacle?, ReGESHE PR B THMNEM. TRt
BAK BT R TRHNE, 5 &R ENEGE AR T REH R,
ERRNOFREALNEE—SAAFTHEREGILESE, KRBT
SEAH— SR, WEENARETE—5TE. dIERIE RS ™
Al b, SR RRHLRAK R BRI B v, B3 T PRI R 5 nm B9
LBk E, EMUAEEENETR, MERFEFNIEN, HIKE
B ACHEAHTELTRFE 104ME. XHACHNAET EFHEHE.

AR T AREM. REFEHULEARBEWR, FREHLHE.
BB RS, X HETHXIFLEAKRNEHMLRET T RIE, TH
A TFREIE AT TRALRAKRAR, SRAE: B W=2: 1. 27, B4
St 53T R SN E I ETRE P A“—S—CH,CO0 ™ RFFE, XEB/HK
S AERERKEREAREN. IR THRAUEHREERMREOEE. 2tk
HEFILIRFR R BT i, FHLRAK S AR S R ANX T — R T R K
W, BEE YRR IERIZE 496 nm A4 IR E . B KRR SHHK
B F 510 nm, HHABFFE (Y) &3 97%, RERNCHESFHEHIKEF Y HE
BEM. THSHEEEHRERAES, BABGEMLT 500 nm. BT HEN
I pH EXT TR W, ER T BREM S RALE K. BT
EARENEEET —B“—S—CH,CO0™, Hitht 5 eH ERMAMTHE
FREIA YL B T S| ARG KER DA EERBRE G Y.

BRATFARI, FEEFHEONFEF, BUBAKRESTKRENDES
ELFEBERAYR NGRS EY, RN AU ERAKEX, AHRES
BULIRE A B 58, HBABSHEKA T 554nm, E—EREA, RAKEX
BE (AF) FSURHFI BN HRADY S MR ERIEL, HRBRFKFEN
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PE/MEBROR AN 3.4 ngml A 2.6 ng/ml FIERRE) K 152
ng/ml F 14.0 ng/ml (RRS ). FEEH B RBE, XA URLEIK A
FEHE, BFORBKIER RRS I RBEER T RAGMOE T &4,

1 KLEps

1.1 A R0 28

SFAZEG . T, WAL (ML, AlfaAesar A7), SULE. BT
B9 B (RhB) (4hHisl, LMRAm), MMMk ENRI/MESRiFE
W (P EZERAYHRREI BE: 0.100 ug/ml,

X-5H 4478 497 RH DIMAX 2500, Rigaku Cu 8 Kq 4=0.154056 nm . 44K
R HGSUEIL JEOL-2010 341 s (I FalE 200 kV) HiE. RLIEFE
ST WL ETE A BIEIT RE-S301PC JOBKHMN (i, F%) M UV-2550
RO NI (B, HA)AT . LHM6i% M VERTEX70 L 5M G (A7
#7%, ®E WE, KBr EH.

12 KR

1.2.1 FHEACRAIK SR HIA R

AL & A 76 50 ml BB FARIKMA 0.0319 g ##4% (0.025 mmol).
5ml K. 0.0540 g BIEALH(1 mmol), BRSK, WA, BHEBEEREE.

Sk 2 B—REA YK I %: 7E 250 ml BT KX MA 200 ml K. 0.1142
g K& IE (0.5 mmol). 0.1368 g &%k M8 (1.2 mmol) #f#, A 1M KOH
B ERE pH {E N 11.2, BESL 30 min.

EHLR AR BRI B H 51 MRS BE RN A 2302 2 B4R T
EWEBF, BEA, MAER—EHE, BT8IANMRLRAKRER.

122 WLRAR GRS Sz

R AK RN EIE T JEOL-2010 BH L EIIE . BRI BIAK BB
REMM L, FRRXEIRT, 7EMNEHE 200 kv AAERKSH T HEHL
BAKSHHR. BTFHHMRRAEY. X-HETHHMIRA D/MAX 2500,
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BT EMLEAKRMEIR. RIF. RARMILRES

PO RIS BT R FA AR

Rigaku Cu # Ko 4=0.154056 nm U ZFHLRAIK RIRAELEH . D5 0ENE
KABWHER .

1.2.3 REALERAIKRERTOENE ., RO IE RN

B & TR LR BB EMEE 10-100 £, FREDFHNE T LLL 360
nm fEAEEEK, BRARAEHTHEBRBZELENE. FEEL Aem=Aex (BP
M=0) B, FIFISEHERLRBFIMS (RRS) Kilh, FRBELRS-T RS
FAE T LEREIINREOEE.

RN #E TR TSN ERLBAKBEBRHRAR T

HEFRECH) 0.5pg/ml RhB ZBEBRIEA S B, U 2.8ug Cd /ml FHLERA
K EBEBAEN BB EBEBKN 360nm, HKETEE Inm IHREET,
WHEAR S L EBRFRERA LR, FAUTAXTERAETFHE.

Yu=st(ﬂ)x(-A—s)x[Z’—:-)

Fs) \Au) \n}

AP Yy WFURGERPORERTTE; Ys A SHYTHRNAETF™E,; Fu.
Fs A5 EE. SHYBBBNRSTRE; Ay - As IR, SHEYER

REKEREER; n. o NN, SHYFRABHIRITEES. RB EF
RN 0.821%),

1.2.4 FHLESK B EEEFEHE LAY RN R IEF RRS ik

HY 0.010ml FEALAAK BB T HLEES, MA 0.25ml pH 7.0 GRHIX)
5, pH 8.0 (RRS ¥) 1 BR ZW#Ell, S HMAEENTRERFTKRE (AS).
BiM/NEBEEMS), AKBEE Sml, BE 1h, 7 Aem=360 nm © XK KL,
BUE Aem=Aex BT RIS 13812 3% RRS ik
2 R 518 |
2.1 REALARAIK B & B

ERLRAK AN SRS, LR T ARG LA = &
K RHEE. %RXUTERSHESERNAERLRIKRERS, BR
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IR ANF LR
e e e

HAAMEE CdTe BKG. FFTRR =B 1F QBN LK QR
REREMKGHERS KHTe BE, WP NI, WA GRE g
SN REN . KRB SRR LT LR TRALENK AN E
BRABUREF, X5 R—BUN . HAERA T ik L.

WEN G E AT RGN SRS BRI, KRR, MK
WM ERETORELLHNET 2 oF, Fie e sak fkse bt g,
AR HS HIRUTEE . 2980 © SRAELMRA=1 1 2.4 1, FRALHEAK A HAf 24
K5, fEUKH 4ColfRfF 10 M HEL L.

1 PREA a REZACEE 4 REFTHR, BA b REHEAERNLK
B 24K, BEACKHETRER 6 MAEME. MPPOKBERMBCANR R
Bl: ZOKHEBAS SW BB BAT —EGAREY, ERCET R TR
ERRA] TR, M CdTe JOKMIMERBOAER, RLH
SRR NN, FEERAROCEL. BIIRLEEETHD, 4
wELMN.

M1 BRI A a: FRMEE 4 X,
b: FEANIE 24 K, BBANKEREE 6 MH
Fig. 1 Photographs of an aqueous solution of CdTe nanocrystal after exposure to normal room
light for 4 days (a), exposure for 24 days then kept in refrigerator to the end of the 6th month
(b).

2.2 WAL KRR

WILES B (TEM) MEsr#disl (HRTEM) BH (B 2) , AT FT& K
FEACRAK S RUBRR, KK 5£0.65 nm. FRACEIANK &% X SHERATAT I 3,
MBS, B TA4KRFA, RIS, BRTHEOERAERE, Bk
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Fig.2 Images of CdTe nanocrystals by TEM (a), HRTEM (b) and ED(c)
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Fig. 3 XRD patterns of CdTe namocrystals

FfeRAMIEMITT CdTe FK MM, 4REM (8 W=2712"1.
Hp R L S & P R L — B RO LLBI LR & IAER, BRI
YL LE CdTe GKMINESS, BH Y 0% LHANFLE THIBT

LEREAL G K R AL S B R, 1630 em™ 2 vC=0 HIF1E4, 1563 cm’
34 vas (COy), 1383 em™ iy vs (COY)FRHETR I, 7€ 2550-2600 cm™ & AL vS-H
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ﬁﬁﬁ%f%’%ﬁi@)‘(

(I EIR I, B 4ME LA Cd-S-CH,COO 4, TIAR LA Cd-OOCCH,SH H7E .

PLE 20 Snm REALB/ARALTIZ AR BRIRBIRL (CdTe 8K 0.281 nm?"),
CdS #1 0.253 nm™) ], MR B — B ABALE, FALBEEE R 0.506nm

Q2 fE#K).

B RLE TN (4/3)(5-2%0.506)/2)°/[(4/3)(0.281)*1=357.

EFRAESTF AR (4362 — @3)(5-2x0.506)2F)[(4/3)
(0.506/2)*1=478.

TEEZ Som FLRALBEZEEBTRS, B H=13 1. HHLERER
HUE MG R (2.7 1) ML, ERLFBRINEFEEFTNRLY, TTHELL
Cd(S-CH,COOY), FEAFIE. thIF & i FEML /BB BRBS B EH
HH O ALY, A REN K RERB AR BRI RE.

AL 9K &R 2 RO I A2 0 B R R

HSCH,CO0" + OH" — "SCH,CO0" + H,0 1)
Cd*+2('SCH,CO0") = Cd(SCH,CO0), 03]
HTe + OH — Te* + H,0 A3)
2nCd(SCH,CO0),+ nTe* — [CdTe],[Cd(SCH,CO0);]n )

[CdTe],[CA(SCH,CO0 )]y — [CATel [CASIm{CASCH,CO0 Yol (5)
EBBERMET, RERNQ). @QFQ3), ZMROFERETRE (4) i
#AT, WACRAKBBRBEZAABHNVENBERARFE-RBIEERS,
EREANBATREERE, XGRS THRLFHRBLRES). EHEN]
B—RIBETHRROFAR TR, ZREEIKEE—SHEE29. B
WA R BN ELE FiE— WA,
2.3 BELRGK RVEBE AT R, RIS IR AU i
RER I EEE T AR R N EROERNKRERORBOEE. g R
RRS Fif. 4R ILE 4 Fulg 5.
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Fig. 4 Absorption Spectrum of CdTe nanocrystals
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Fig. 5 Fluorescence and RRS Spectra of CdTe nanocrystals

AE 4 FT LB ) 5 nm 254 MRFAL 40K S Ve RSN R B — 31T 5 TR
#5, 2EA ML 496 nm HRME . WE 5 TTLAEH, FELEIIK SRR B
%Y, HEARGHEKATF 509 nm, BIERKBTFEE (V) HfllE, HYR
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AR 97%. LA E HA SRR A AT, HBERHEST BT 500 nm K
i, BAME 414 om BHEE — P &5 E. ME 5 7T RARLER K &E RBIRR Y
#RER BB RENRLEFEEABEN RRS, TEM RRS K51 E 4 W R
K.
2.4 ERENFACRSK G B ROGEFERNRE R W

KRB RRE A CdTe K GERHE 100 17, LRAFN R HLE
BHRIRERN L. 22 mE 6-8. ME 6 TUF L, BEM EXREAEFE
MEWARE, BENENTURLEERERS. BN 7 TUESY, Fl
H BRSSO T 543 nm, (EIAIRIRBERIE, BEE R ER R ITEK,
M RSB R HTIR A, HFOLMEH RN B, BRE 194 HRLR
FEABIR K, RAMBBE 510 nm 4. SHHIEMAKZEBARLED 33
nmoe

MESH LUE B BT R TR BRI R TFRB M. HiHl &8
K GBI T543 nm, KRB FENN37% HE19dE, BLEY
F510 nmAiH, MEXREFERAIEI%. HRAEBFEERDLMEN50-85%
HRAMIEH. TH bS04 MR LBHERAR. FURHT
BFie94%, REIVOXREH TR, BAEQRKETRBE.

RAWBNFEAFTENRLEEREATRE: —RAKSEBREEALRE
SR A AR R, EXAMZITEFRERERSZRKRTREEAD
H5, BRRTEFRMGRAT, RIPHERE, RERERD. ZRAHBE
AR KR FHNE B RBLLEE, RERER BB RERKEY
B9, ZERBRRANR A R R I RICISTT LA MR ML B F =R 18

P,
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Fig. 6 Changes of UV-Vis spectra of CdTe nanocrystals with time
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Fig. 7 Changes of fluorescence spectra of CdTe nanocrystals with time
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Fig. 8 Changes of fluorescence quantum yields and peak positions of CdTe nanocrystals with time
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Fig. 9 Changes of RRS spectra of CdTe nanocrystals with time
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WINE FHLRAE RO BT FOCRRE RO R I RO TR R AR LA TR
s ——————————————————————————————————————————

BHRERR. 2, BREFRAARR, £ 4CRE, BEHREH.
2.5 pH EXREALRAIK RO ERFIEA R R N R

L} I L] o
LpH29
3 2.pH4.1,50
0.4 3.pH6.1,7.0,80,89,99, 11.2

-
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Wavelength (nm)

10 FRALER K B 4K 51 AT W6 56 pH HAA
Fig. 10 Changes of UV-Vis spectra of CdTe nanocrystals with pH

FEAL SR A0k SRR AR B 1 2 pHE e LB 10. 4 RRM, ZEpHIE =S
Bt 42K R Y REE FT G RO e BT AR, 7ERAMNX A TS, B IR
%, 7EpHZ6.18F, 49K F7E474 nmfiE HEL—Tlici, 7EpH6.1-11.27EHiEAr B
FSREHTARALL

E11E R, pHEMFHLBEKRERNRNREZWHE . #£pH 2.8-6.1 Z
8% £ R AR K B E, 7EpH 7.0-11.2, HEABETUAK. BER KpHEHE
RFEA R K RYABRRE R B TR ME, FT7ERLTE B A X BRI FOLF TR
Fo

TEpH=6.14M4TF, FHLBAKRBFRBAIOERERNL, FOLKK, HHR
FRRSMERE, CRUENFPRURARERERN, BRKEIAEFTU
MK RRECEVNRENER, FHRFHUIEERRERL. B
GaoZ KILFEPH 45K, FRLERAETFRER18%C . XULHBME LR
KR NIRE K EERpHZ SNEE R E . EARRKE&FEHERIHK
RREH R B EARR.
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Fig. 11 Effects of pH on the fluorescence of CdTe nanocrystals
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Fig. 12 Effects of pH on RRS of the CdTe nanocrystals
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B FHLCRAKEMSE. RE. TORRLRR B RIL S BRI R E R LA BN

LR, MR, BNEBNERTRE, ERUEAFTHREZ
MEERESE, FRBRRENBAED, GKEEE, ST TER.
MNERBAE, MERETHRBRER, I EBHE G FRP RN THE
B o

2.6 FHLRGUK B 5B T R R EAE R RS E R
AR RS IR

2.6.1 FLRAKRBEERBETRAYHER

HERFARATUEH, WABAKENHARA {[CdTel[CdS].[Cd
(SCH,CO0 )2lnm} ALsamy HP A'RERWERET.

B Z R B AR 3 pKay=3.60, pKa;=10.5617, 7 pH=11.2 BY (A B4,
TUHERREZR NP EFSCHCOOMKESHEZR—HART
HSCH,COO WK E M tb & 437, 8 B F 5 SCH,COO £ A & & Cd
(SCH,COO),, BEMBTRMN, BABRUEAKEZNE, LEM Cd
(SCH,COO), ZE XM & M T, AR Cds*,

TEP P RSB TR, Gk 5 LA L B (K 437 47 7E[Cd Teln[CdS]m[Cd
(SCH:CO0 )alnmy TIRATRRMBBITK R EMFRR NERER, TAEEZD
5 R TALKI-NH,, BN RHGE T LA NS FHRATE, e
N9 BT ORE LR 40K R AR 4 BB s 5 DRI AR 5 IE BT I
M FRMFEREETY, HEhrEE LA 13:
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B 13 LR ESRER T RGBS VSR EE
Fig. 13 The sketch of the combo of CdTe nanocrystal and aminoglycoside

2.6.2 5% JtF RRS HEm -

HKAE 7 T(CdTe][CdS]m[Cd (SCH,CO0 )l R B BIURI RN, M52
Y DR REEFWE, RARERR, TRl Ema. 1%k
BRI B R ] g R 40K dh R E K 47 E-S-CH2CO0' 5 DA R & i
B, XMALFEAEBRAYNHRSERARERK, FetdTFsEDY, T
BEEAR B BT MBR SR EESH DL AR R B 205, THIEE
HEKE. EF, BFHRFAEHA TR LD, LAHEHEERR, T
RERAEHG Z AMEREREB. 1, AXKERBRSEEFTRGYE
RJE, BdaBERBER, RAPKRBFHRAAE, LHRGHEN, HEEE
BEEXAYEF, TEENMKBIAGERAR, MMERREEK.

MERDIE, RABRKEEHFFHRABTFEERRESNRERER
B, TRBOL IR HRREZW, TERNNLERERKERERDT
£ Sterm-Volmer AR, MU T ERE FHARKIEN.
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e e I ——

O R RE AT AR (1) B TFPOemAETRENEBA RS, #9
EFFEXOFR RRS BEMIR: () LA WENFREBRAAMM: 3
BEBMPAERELSYRGKER KR, 55K B R E-# 5.
XAREOHIR, L7 —mREMRE RN,

HARAREBH LY FABAK RN IO KA RRS HI3H
RIERAE RIFE MR RTR. € EREENRERKAEN MRS Y
MIREERRIEE . B 14 FIE 15 HPIRR MS X CdTe AKBHEAERKM AS Xt
RRS H3RAIEM. HLLAF (Fo-F) AL (I-l)) 4 FISHERN 2599k BEVE BIRT,
RICH K I RRS HES B AYRER EIASE ARXREENE 1.

1 JAY MS ng/ml

ONDNEWN O
238w

a0 S0 55 600 650
Wavelength (nm)

B 14 MS WIERX CdTe K HMEW

Fig. 14 Effects of MS concentration on the fluorescence of CdTe nanocrystals

1 KU, MEARK. GMUTERARRHR

Table 1 Linear cquations, corrclation cocfficients, linear ranges and detection limits

WA EE AYESB (ngmL™) HERY r KYEHGM /ngml’ (30! ng-mL™")
AF=29192+1.190 C 0.999 10.0~1200 34
AS AJ=20.54+0.2937 C 0.994 40.0~1200.0 152
AF =6.509+5.216 C 0.997 6.0~96.0 26
MS

AJ=5.885+0.6263 C 0.993 36.0~480.0 14.0
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Fig. 15 Effects of AS concentration on the resonance Rayleigh scattering of CdTe nanocrystals
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HER BURMRRRRROHE. RTESSRETFOERRATENS FRIZHBIA

S e e ——

¥LE BUE/RUBAKRBHHE. RESERETF
HIERARATEDS FHRICHMAR

PAGY KA RMERAT RO 1 . % %1 0 RRS il INA CHE S
HIRFSE, TOAUKBURIZE AL 47 R RN A B S R AT R, MRS
MNITHI%E, HPRRBRAEREEESTHHNAR I ERTRAR.

GEETOCM ML 2 R RES AR MR, 8B RERSEFAIRE
FRAEHBRFNIRCY, FRAXHEATGE (EHR) FAPTFREREAR
RARNHNHERE (EHE), NTHREHERIUEMER. B, URETE
BlisE.

BT 5B e AL 2 s T vk, AREMERI7E 40 A 53 F K R A O BBk HE
SWEmYE, TERBEY. WEWE. SRMASRE, REY. WEZURKRBFF
Y RESFE HEAR ZENA. EATFHREREHNTORERE: ORBA
B34 E (Fluoresein isothiocyanate, FITC): &@MKAR, 2REAE. BREKE
6, HETRNEESEN, BBRFTEKN 520~530nm, ERARMEE
&% . QU F & R E % F FT ¥ (Tetramethyl rhodamine isothiocyanate, TRITC):
GEMACR, BRae, FETKUERESER. BORRSEKY 620nm, £
BOt Y, ONZETFH (Tetramethyl thodamine B200, RB200): %K
R, 2Baf, BHETERARE, BRETK. BRERHFEKR 596~600nm,
BRRBIEEL. OREESY: i3 MH T HATEDE B & (T,
H (Ce™) LHMESYBHRFBTRIFERME, HPL B MR
E+E AR B KEERE, RIAEKEER, RAFENREK, EHT
SR SRR E -

S AN AL, RARKESEHREETMTHRALUT
FEMRA. B—, LEAGKMERARS A ENFIERE (full widths half max,
FWHM) 5, ATLUAE 30nm &4, HWENFRRERNE . L3EMKE
BB L BT AR TR TR R —t. B2, ARXPHET A
oA Rl — B R, T LME R R — MR e R 4T SR R U, T
FRMENEAS FUEEARAMEEKBE. B=, SANREHMEL, B



f’ﬁﬁk"" ’r@+"‘ﬁm@)t

%ﬁmm& E*fﬂﬁttjk%'#' FFIH B 7 10 min BIATR M, MR &M
F, SULEEAREN CdSe/znS BT ARILIAAE 417,
BT EIFRBAHK RTINS R R TR, BIFRENKRRE R

SBECAFR R RM B AR TIORE, . Hilk, 8. BT (aptamer). DNA
J??ﬂ% £ 1998 %€, Alivisatos I Nie BAFFFU N IR RHE TIREFAIER
LT, BRTEBFAKBUANSEYFTEENEE, BT T
. 2, %Z‘H%Jﬁf@"ﬁfﬁﬂ‘ﬁm*aamm?ﬂ:%ﬁfﬁﬂ"ﬁﬁlﬁﬁﬁ‘(ﬁfmo HHRKE
SRR S NBAERARBM CdTe JKRK FHATRICTREARE, AT Hrid
RIS B 56 e i AR 1L, EBARIEMENRE BT CdTe *W**\i?—‘?ﬂ%ﬁﬂ?@zm
S RNIIREE, Tsay ZH1& THEISX RN CdHgTe/ZnS EFEME, I
BB BT . AR AR R I ATE TiE M P815 MEXA M,

Mitchell 243 RAGKBRLRE S LIRERER, KRG ARRHHEREN DNA
STFIMABARFEFTE, ATLAHE DNA EEIFFHRMKERNERE. F£IHH
*?ﬁ*ﬁ@ﬁﬁm DNA ¥, THEAFERERMMTOLRE, FREBRERIHER
H’J%Vﬁ@’“’*“ol

EVE, Bk &R TAR S EIE THREREN . ZhelevEEH
HLAETOPH i d TOP-Se 5 Z e W thl & M RE CdSe4ik i, BAMERHRERN
KBTEGK AR, KB FERESAEIS0%, BREAEE, ATATK-562 4
B R FURA AT Jiang 4 TOPOBLEEHICASe/ZnS A K i I S 2+ — S B it
FAHRLE, BEREARBRERRENFKE, FKUMKEEHREEEEDR
Bt B RARICE SRR AR Ma B AR TERERICITeH K R A TEG 277

(PR RUBBR#MN277) FHEK 293 (ABE'F293) BARKIAA, HHR-CdTeriti

ERBTRERNAEA (GFP) MRHEMFEALE (FITC) 7, Lin%H#QD 525,
QD 565. QD605. QD 655, QD 70551QD 800wt e T4 ML (ES) A —
R (465nm) BEATIE AR,

Bak R AT UES T REYFR D E AERRSK BB TREEE,, ERK
HIRMEMAHE IR E R AK BEB B KRESSIOE) BBy RERNE
KR, BHEBZEOMKEERSRE. MAKEERETSERLBENAK
BB AK SR T AR TR, SI2RREHNIKE, ETRENKE
fRF R, wEnIREN
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HER BAEHGLEAKRONE. RESSAETHEARATENS THREOFA

RIS Z By A B R AL BT CTe/CdS 4K,
ENARTUTE RS BEFRERNHIEBRANESHR, FHELTH
CATe/CdS BK BAFFRHRE T I BRIERSE Cu(1l)s Co(Il)s Ni(Il)s Mn(Il).
CyE4RET, TA, BFAKEINENQEASENENH AT ORR
B, AE—S5BARATOELRET A4, RIBH 6 BoRBS
CdTe/CdS 4K R44, FKRIRICHI 1gC £ A% SHNMRE 18G
R R R, BT RERRIT. LR AUBTSUR R RATHI & B CdTe/CdS
K B P T TR AR R LR O AT R

1 KBS
1.1 A

FEZMH. T, BIELS (AlfaAesar AF)), EWHE. £REFAD
FradH (LERfER), £RET (Na@®) « KO- Cal). MgdID). Cu(lD).
Zn(Il)}» Co(II))~ Ni(I)s Cr(ll)» Cd(IT)» Pb(I). Hg(l). Mn(Il), La(Ii)- Sm(1IT)
Eu(lll)) %5 100 pmol/L #IFIAARI AT Eh 15 B R M), SR AK A Milli-Q BB4EK.

Al AR AN EE sigma 2 A= R(A-7030), HIEKRTF 98%, LAEHBMRE S
mg/ml; BHE 1gG. RIUA IgG- ¥4 1gG KX E Santa Cruz Biotechnology- 7N
7=, 100 pg/ml; BHUA IgG £ Invitrogen A7, 100 pg/ml; N-FREGTHB
TH (NHS) FREKAENRHERBERAR, MEAT 99%: MmAERKL
¥ Bio-Rad 2 #).

SR AR RO TSR B B A 0 B 5T P T B BE(TEM) JEOL-2010 B¢ (H A
BF) Wi, EEER 200 KV, X-H4%A475KA D8 ADVANCE (Bruker/Axs,
Germany)JliE, Cu #, A=1.54060A. FANEHANLESIT K& S) 5 RF-5401PC
P4 IEEH (Shimadzu, Japan) and UV-2550 4366 ¥ (Shimadzu, Japan)@ll
s, i VERTEX 70 4L4ME#{X (Bruker, Germany) #ll5€, KBrEH .

B FA 35 6 B 4% 5 Olympus BX51, HAR, R 103 F: MMFHH: 200
&, 500 ZFp; FOLMAKMER: 2005, 108,

CdTe/CdS ik R B %], WRE 2.5x10°mol/L (LA Cd 7).

1.2 CATe/CAS 4K BRI AR
RENEHER: 7E 50 ml BEFHKIKMA 0.0319 g FE#7 (0.025 mmol).
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iRl R A,

5mi K. 0.0540 g AL (1.00 mmol), ERA, WAHH, EBRBRTREE.
A Z BRI AR % 7E 250 ml BUREP AR 200 ml K. 0.1142 g

7K A B(4L4%(0.500 mmol)- 0.1368 g FiH Z B (1.20 mmol ) %A%, Al 1 mol/L KOH
B pH A0 11.2, BEESY 30 min.

CdTe 24K & RATEI % - K H Z M ELBBERMA KR ZLR-FREY
R, BESR, MR —E R, BIWT A SRR R AR S

CdTeCdS 4K BB Bl & Bl &ML BRI K BEBREZ AR EII K
TR — IO, 7 LBAK R BB, NTTHIE CdTeCdS Sk &
1.3 CdTe/CdS FPKRHIES . SGHRIE

BRBLBAK BRI ELREE JEOL-2010 BE5tERE . BRFLE/R
WK RE RS L, AR Bk T, ZEinEHE 200 kv FIAR S 5K
THREFCERLBIKENES. BTFAHTRRARIY. X-S&AH TR
H D8 ADVANCE (Bruker/Axs, Germany), Cu #, 1=1.54060A, #lEREILE/FIL
WAAKGER RSN, AARENERARKEER .

1.4 CdTe/CdS XK BB R KNE T RN E

FLHIBELY) RhB 0.5pg/ml ZBEHE R Rh6G 0.5ug/ml ¥ FFIRELR/BRiL
WK BB 2.8ug/ml (LU REFMRAXENES RO T BEBK: 360
nm; HEWHE: EX=3nm. EM=3nm; REE: & K§GEHKER.: 425~
675 nm; FAMEE: RE. BERNBRBEKAAMKEEE. FREE TR
WRBARIK RERAS LY RiB. Rh6G BT RS EE. FRH#
IR R/ BRAL B K RIE A S LR RO .

BT HRM L m:m(g’i)x(.’;‘i)x[ﬁ)

s Au n?

R YOWRIARERNRER TR, YoHBHMRRABFE: Fu
F ottt . SUYRMBHNBMATNIBE, A « AcCHFTRE. SHYRTERE
KCHIRORRE e n UfEREE. SLLOIFTRE MAHT LiE%. RnB BT%
H 0822,

1.5 CdTe/CdS FK B BRI Wk, S0t sl
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BEE WLBMRLBARINHE. BT SSRETHERRAFENS TRICOFR

KRR/ ALRAR RIS T 260 B i RO, TERAEAHNE
W B RRHE, FH U dalen (BF AI=0) RS, BRILHEHFEA AE,
FIE 4 BHERENNRAE (Abs), KIHRE (F) FIRRS 32 (Jres).

1.6 CdTe/CdS X BER S5 ERETFHMER

EERERLES KRB BAE—EN pH T4H5 Na(D « KD, Ca(ll)
Mg(ID). Cu(Il)» Zn(I)» Co(I))~ Ni(I)» Cr(Il). Cd(ID. Pb(Il). Hg(I)» Mn(ID.
La(Il). Sm(II). Eu(IEF{EA, ERERLNHiE.

1.7 gkEEYrRL

1.7.1 ik 5 CdTe/CdS K BHEE

ERSR— o _

(1) LFIEAEEBSA, 5mg/ml) 2 pl. &HFE 1gG HLERBE(1004 gml) 2,
ul, BB S 0526 TgG HUABWR(100 pe/ml) 2 pI(1:20 FiE) i TRHRRAT 4E R
t, B 2mm, BT&H;

(2) B pH {4 8.0 1 PBS, ¥#% N-BRARHIB T H(1.7 mg/ml), LAHAFRHRE |
KPR (20:1); |

@) BaE 16 BARSHMRIERHENS R (2) ik B+, 3h E5H
PR 4 EPAEH, Ll PBS WMt 2 MM EE TEE £, ERABHE TR
8, HEUUTREAYERRPERASFTHR).

ERPE

(1) U4 mEEEEBSA, 5 mgml)2 pl. RHi¥ 1gG FUERMB(100 pg/ml) 2
pl. BB S RIRIIE 1gG FUARB(100 pg/ml) 2 pl (1:20 BRAHETHRA%LE
JE b, B 2mm, BT&H;

(2) BX pH 1 8.0 1 PBS, LASLIHARELOKM B H(20:1);

Q) BEEBARANHRIEREEANDE 2 FTAHBF, 3h FRHRA
YRR, DL PBS MHIES 2 M EE THRIA L, ERAEUETUE.
LRPER=

(1) ¥ BRI 1gG(100 pg/ml), EHA IgG(100 pg/ml). RHLA IgG(100 pg/mi)
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L RN A B 1478
S AR TRRAGERB, BT %M.
(2) ¥ CdTe/CdS QKB (2.5%107 mol/L) 7E NHS (1.7 mg/ml) fIEH
FTEEFHRR I (I mgml) 454 2h, 251 558 | BI% RS SER 1R,
(3) FiI PBS e EFEM, FOLBME FHE, HE.

1.7.2 4B S R F R

JREE: BAMEAASEMERAD TEHEOMER. MAKMERRCT ¥
B 1gG AEB SHIN RPN 186G RAERBRN. HRIIA 1gG 46 TH MK E
ST, GUKMEEERE S HRER S T4E, MERTOCRMERE 54Kk
A5y - % BERL BEAR IR A LA _L B2 B 40 L 11 7 7 CK19 Al (7R i)

.*.zzmmm o * .
*

o N BRBEIM N *e o

A ERRIL lv A

A BHACKIO 1g6 * ‘r: r
a  EREFECKIOME ‘ /

O rewssm EEE

(1) HPEFE: 5598 7901 BEAMK, AREKESENEENEMNZE 35 mm

BRFRIL, MebECE 10%10 mm #H3EH, FRAURGH T3 A KB, H
AR ENAR.
(2) BB CK19 IgG —Hi 5 Bl e i IR MBEE 1h, RFEI&EF 99K
B—¥5H 1eG HEYFH.
(3) HIEBKMEEEY GLAN4L#T)
1) GUKAEH10 pl) B 190 ul PBS, 3t 200 pl 4%,
2) GKAE10 phBIA 100 pl 2 mg/ml () BSA, 7 2h EMBICLEE T



BIR SLRMRLBAKRNBE. RE S CRET0EHRETFED TN
o B e =S

bl O OF Y

3) gKAEH0 pINA SOul EHM =5, 100 pl 2 mg/ml ) BSA, $H 2h;

4) ZPKRPEI10 phINA 1011 2 mg/ml (9 NHS, 2h JGIIA 50 pl 2EH R i,
$7 2h, HMA 100ul 2 mg/ml ) BSA, ¥ H 2h.

(4) BFE Q) HENEEY D, 2) 558 (1) BFELBONRIER,
HEEYW3). 9 558 () $I&MFERCHMRAAER BN L.

(5) Jil PBS %k B )1, ZBRARLENHAY.

(6) #TERRB T REMROBKMEIR SR, FHEHRBERATH

2 ZR5E

2.1 W CdTe/CdS K MBE M EER K

I Z M SR TR BE LI K A RA RN, LHAZRSHE
FHRELHIUET 2 8, FIammgkai et TR, MR8 HRE. &
T A BB RALR/BAL R S (4 © FEZM=1:24), %KM 4CTF
MIREZEDRSE 1248, B 1% CdTe/CdS K BB BBCR BN . HIMEIFR
(i) %94k SR B KNS BB,

B 1| CdTe/CdS AKX S #U R A
Figure 1 photograph of CdTeCdS nanocrystals solution
2.2 CdTe/CdS K RIIFEHRMEH
W BN A BB AT, BT A AR AR /R AL 4 K TR
R, KMk 6nm (B2, B 2bA9KEER HRTEM B, 3L k/% 7 nm.
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T PN A B2 UAYS'S
B 2¢ Jy CdTeCdS AKea i -FRITE, BT &M KGRI L a4,

TR K G X SRR IR 3, WEhaT R, tFRHKKFA, &
ShigAsgs, AATHHRALE &AW, HNRBE NG aER)

P 2 CdTe/CdS 4K dh LB
Figure 2 TEM images of CdTeCdS nanocrystals

CdTeCdS 1#

3 ymoa

gu-‘
5«3

|
. %- / Lt
bsbt | W

T -~
»

2-Theta - Scale

S 30130 Te - Meaageast 34 MIGE- b 44700 ¢ SRITEC . mpns POEED . Deta 00000 - gaevna 130 308 - PIN11 04T - 192904 . Ve #OF 1
aﬂwm.cm.:ﬁ..n-an---ux»-nus-m.uu-auumvpnuu-'-num-vll NIYe v PO R
ABEIETE)- CO%- St S I3 B SN0 s S HII00  wha B0 000 Nera 10 000 - gammn 80 530 - IR ) T8N Wie POF 100

4 3 CdTe/CdS A44 i X S LRfiraf 4
Figure 3 XRD patterns of CdTeCdS NCs
{ERACHRBAC AR R R 2T A P 4 o, 1631 cm™ by vC=0 MI4F1EE,

106



HRE FURGLEAKSNHEE. RTGERE TOEMRMATEN) THICHBIR
e ————t—w—ry

1384 cm™ 34 vs (CO) IR MER L2, 7E 2550-2600cm™ K W vS-H RIBFUE R ML, ¥t
B4 E LA Cd-S-CH,COO7E7E, MARLL Cd-OOCCH,SH 1.

Transmittance

8
&

0.0 T T T T
4000 3000 2000 1000 0

-
Wavenumber cm

B4 CdTeCds MK RMDIMEE
Figure 4 IR spectrum of CdTeCdS NCs

HRYE CdTeCdS XK RBEEBOBIEMMTERER 1, B W M=26.231 1.
HAP @t E 55 & PR ILAaEE, RAaRE CdTe &5HE.

& 1CdTe/CdS @ik MEEREBIE TSR
Table 1 The result of Cd:Te:S:0 of CdTe/CdS nanocrystal by energy dispersive spectroscopy

Element Counts Element Wt % Atom %
(04 4903 9.97 35.53
SK 12979 1592 28.31
Te-L 6070 2420 10.82
Cd-L 15663 49.92 25.34
Total 100.00 100.00

MERN 6 nm LS/ EEEHKERBR (CdTe #K 0.281nm'*,
CdS 2% 0.253 nm™®) 5, MBS ARLE, BHARKIEEN 0.506 nm
(2 8K,

R FAE: (43)((6-2x0.506)/2)/[(4/3)0.281°]=702.

ERFBALE S FAE: [43)6/2) —@/3)[(6-2x0.506)/21V[(4/3)0.253°1=706.

TEE 26 nmEE L R/ARLERATHAR, B fi=1: 1. BHLE5HRTEEM T
ZR (26 1) MR, BRUCISHFEMRZS, FEMmSEMLE R1:2, HH
EFAE I EETIRLY-SCH,CO0 . HiF£d TEMLBMILEZR

107



WKL B B AR BT A HLBRAL, A REAESUR B OB KR IR R o
2.3 CATe/CdS K& K 5h-T BBk JOLA RRS Hilt

2.3.1 K &h-a7 R ot

T CdTeCdS vk S MAERE pH T HIESMT RIRBCLH, RAEHR
AR (pH<S) 1 CdTeCdS ZK F7E 469 nm FHLHITBIET R, HHAAKSRTE
BREAN TP RAERRN, SEEMTEER ET. TIZE pH>6 Bf, 7 469 nm Ktk
H—H B HRIIE, 3 BE pH6-11 RBOLIEEBERL (B 5.

0.4

T
1.pH 5.02
2.pH 6.09
3.pH7.00 4
4. pH 7.96
5.pH 895
6.pH9.91 |
7.pH 11.2

CdTeCdS
0.3

0.24

Abs

0.14

2,3,4,5,6,7
0.04 469 nm

0.1

¥ M T v T ML LU T v T
200 300 400 500 600 700 800
Wavelength nm

Wl 5 AR pH FHLERABL LTS K GBS RE
Figure 5 UV-Vis Spectra of CdTe/CdS NCs at different pH

2.3.2 Ry

CdTe/CdS #uk B RABRBAUKN, HXKRMBERBEMN RIS BT AT
253 nm #1511 nm K. HWFARHEERS, HI&PMRERE. KRE
BHEX P E BRI M. B, Pk SRR R ST S B e (8 4
WKTREAH . FWIRE pH EX RSP AERKHEMR. ZET pH EX KR
BERIE, HUL BR iR WA I pH ER, AR pH EXT 0K AW
RABEMZWILEG6, TLEY, ARENRA (pH<6) B, RAETHHES, 4
pH=6.09 Bf, B BB (lem= 537 nm), 7 pH 7.0-11.2 Z /8 R H 385 B (hem
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BEE WLRMLERKAOHE. RTESSRETOERARMATEYS TARCHHTR

S S —
=511nm), £ pH7.96 &, FKHBERK (B 6), RABTTEMIE 8% B
HR[24]1 5 BRI RIGIK B 8 10% A L« B BERS R 661 BT N ZE 0t pH EIX 8] A
HIT. W ERRBHRE TR RN EE TSR /AR K &
KAERRN, BAKESETITUNHSAKAREUERVIDREN AR, EHKE
HISr B R AR, DKATE 469 nm AL HHRMIEH KB TIX— Ko

1000 v T v T v T \ T v
900_ CdTeCdS + oH
800 f a 2.87
e b4a10]
700 - h o c502
d 6.08
6004 i e7.00 ]
g f79
500+ g 895
h 991
u 4004 253 nm g i112
300+
200 4 c
100 b
o- P a
.....

Wavelength nm

B 6 [ pH BEALHR/AR L BAIK RIE PO
Figure 6 Fluorescence Spectra of CdTe/CdS NCs at different p!

2.3.3 RRS Jtiff

CdTe/CdS ik F7ERFIH pH 4 T 27 H AR K RRS X% (RE 7, T
7E pH 5.0 HSBMHENFRP, FKEEAREN RRS BE, EHRBSEN LT
555 nm, 415 nm A1 345 nm; BE# pH EMRH, SHERAERNE, BHBEZR
BiMEME; 7 pH 6.09 Bf, #SfEBE 550nm WL, ASREDEZERE (00U pH
5.02 BHA 1/6). 76 pH 7~11 B, B BRERBRIK, 1557 Am<q50 nm HIX B
SHEELFANT, XE5RABETUEHRNSES. X HERRRN pH HXY
RRS X E EEEW, & ILAEPLIEREBMLEIE LN pH H, H—HEE
PEAR AEST Z Bl AT R KB R HB X R,
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35} CdTeCds  1.pH5602 |

2.pH 8.09
3.pH7.00 4
4.pH 7.96
5.pH 8.95
6. pH 9.99
7.pH11.2

300 400 500 600 700 800
Wavelength nm

B 7 RR pH BHLRARAL Bk R RRS il
Figure 7 RRS Spectra of CdTe/CdS NCs at different pH
2.4 CdTe/CdS #K R 5 & BE FRAMATERNRAER RRS KW
WA T CdTe/CdS ERLEMMAK S S Na(D) K@), Ca(Il). Mg(ID). Cu(Il).
Zn(ID), Co(I))+ Ni(I). Cr(Ill)» Cd(IT). Pb(Il). Fe(Il). Mn(Il). La(Il), Sm(III)
Eu(IDF &R FHAEIER Y R AF RRS KW,

24.1 MRMAEBIEW

CdTe/CdS M KMMEHMAHMRAMEEAE 8. NE 8 TLUES, X4
CdTe/CdS 45K 5 LR & BEFRME, Cu(ll), Co(IIFI Ni(I)EEBIER %
FRK, HXE ClliDA Mn(Il), HAEBETRSIERNNHES. M pH
BRI mME, Cu(ll) M Ni(I1)ZE pH 11 24, Co(Il)7E pH 10 4 B RAK 5
BRI E B KR RAIER .
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B 8 pH AR 4 M B T 88 /BR AL RN K il S N ik R 9 9B 38
Figure 8 Effect of pH on AF of metal ions- CdTe/CdS NCs reaction system

(1) 5 Cu(IDEIFEA

HAKARS Cu(IDRERNG, E5IRAKBFRNLEEFRK, HIBK
W R G — EREABE) . £—E Cu(IKETF (0-12.7 ng/mL), Aem M 523
nm ABZE 546 nm, 48 23 nm (LK 9). RHEKELE—EFEWHEAE Cu(1lK
BEREMRR, H—uEHEIRHRE  F=533.4-3.668C, HIXRE R=0.9955, £&
PEFE R 3.2-127.0 ng/m], KPR 1.0 ng/ml. B FRELE 3.2-63.5 ng/ml TEH
WA Stern-Volmer B2, Fo/F=0.9467+1.07965x10°C (C: mol/L), R=0.9930 .
— AT BB K R % K W BCh 10%-10°L/mol , T 8RB TR K K BB ik
1.07965x10°L/mol, 5% B4 B T X B AL /B AL AN K Al B BUR BRI L A B DO R
K. XEMGE T CdS SRR 5 M EmMER, Ak Cu'4EE Cds |T
MRMRHEE N —ME, —MEATSHPREL F SN ERNHENE
4, NGB T ANTEARK, FRRTAMRISEMIIHE. ALERHHAK
s AT/ BB RS R EZRR T, R 2EK & BUR R

Cu* HBEFH—MET, FELRBEBRARK, THRHGLLB.
TEEREM T, LRT HLE EEFXHF#ECu(1l) (0.1 nmole mI™) HIEH,

HRNK2, NRPATUFH, S REELS %GR, WSR3 EL
W, A — R, B, HORMAH T ILCATe/CASHE#RET AR K ik
Bl .
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Figure 9 Effect of Cu(Il) on intensity and peak position of CdTe/CdS NCs

*2 HEYRHEZM (Co,=0.1 nmol -ml™)
Table 2 Tests for the interference of coexisting substance (Cc,= 0.1 nmol -ml")

KEWE  REamolml)  MMREG)  REWE  WKEamoVm) *ﬁ*(f/fﬁ

NaCl 15 +1.4 FeCl, 2 -2.6
KCl 10 +49 CrCl; 1 +3.2
CaCl, 10 437 PH(NO;), 1 15

Mg(NOs), 10 +4.9 MnCl, 5 +1.1
ZnCl, 2 -2.0 LaCl, 5 -1.5

Co(NOs), 2 +36 SmCl 5 +6.4

Ni(NOy) 1 38 EuCl, 5 0

) 5 cr(mfERA

BB EAK RFRNTARE S (ID BT HRERRIL, Xt
¥ (F=319.6-0.8354C, R=0.9956). 5MEFAM, & () BAFERAENE
RED, LtETEE 10.4-208.0 ng/ml, HHIR 3.4 ng/ml.
(3) 5 Co(IKIHEH

B (D 5 & (ID BEAas, i Emesmafak@miniieix,
Baeamprsey () MkERKRE, B8 (1D ERAHBERRENERERL.,
SR F=298.6-0.9114C, MHXFH: R=0.9962,
LM EE: 5.9-117.0 ng/ml, #HR 1.8 ng/ml.
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4) 5Ni(Il) KR
WKBRABESER (1) FRERRLE, HXMLEF, F=367.4-0.5855C,

R=0.9982, Lt 11.7-176.0 ng/ml, A 3.5 ng/ml,
MELERIBFRATEA tH, CdTeCdS gk a5 Cu(I). Co(I)AI Ni(IT) Cr(III)

FOMET RN, RIIRKAESERK, REAGHARE, HE—EnkHE

t, B, AL CdTe/CdS FK A 1E M HRE TR K i e LR FRIE T £44-

2.4.2 % RRS 1%

BIRT CdTe/CdS X5 LR & MEFHMHEERIR RRS fEm, 43
B 10 B, aTUUEHAKES Cu(11). Co( 11! Ni(I1) R Nk it S Bk Sk
RRS BERK, X5RAKEKE €L, KRBT RRS (MRS,

P 10 pH {EUX < B - AL 8 /B0 AL K i R AR 2 UM 3R () i

Figure 10 Effect of pH on A/ of metal ions- CdTe/CdS NCs reaction system
4L, RRS BEZERIE Cu(1l)  Co(INA Ni( 1B, AL T 4 5 &
3.2-127.0 ng/ml . 23.6-236 ng/ml A1 11.74-587 ng/ml, —JIC&PEEAHEE4 5
Irrs=669.4-3.685C Irgs=444.3-0.7745C F Iprs=480.7-0.3737C, Hi%A¥ 4 M
0.9820. 0.9858 A1 0.9552, AT LARBFHRHBAHE 1.7 ngml Cu(Il). 11.6
ng/ml Co(II)A 6.0 ng/ml Ni(Il), B, WAIH] CdTe/CdS G4XK M EHE H RRS
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T K 2083

ERIE Cu(ll). Co(IDF Ni(Il), BRERNKEAL, RRS ERBERME, &
XEME, Ak, NBETEBHRE, Ll CdTe/CdS K RERILEHRE B RRS 4T
Hia.

2.5 CdTe/CdS Gk R A TEY» FHhid

2.5.1 547 (NHS) X EAME CdTe/CdS K E/ERKER

TRT CdTe/CdS X BEFARESIER, FENHS FAET, ERAEM
BTHRE. ARDE 11(a). (b). (¢)« (AFIR. MEFKRBFR PRI N-BE
RABEENEAFARATE 1) (. (g MFR.

) il i

11 CdTe/CdS #K B 55 BSA RIRHIE 1gG & A
Figure 11 Combination of CdTe/CdS NC with BSA and rabbit anti-goat IgG

(a) NHS-control,(b)NHS-(1vs20nano)-BSA,

(c) NHS~(1vs20nano)-primary antibody, (d) NHS-(1vs20nano)-primary antibody(1vs20pbs),
(e) PBS-conwol, (f) PBS(1vs20nano)-BSA,

(g) PBS(1vs20nano)-primary antibody, (h) PBS(1vs20nano)-primary antibody(1vs20pbs).

B 1 R, SRR AG)-. @FRHARKES, RAHKEE
HEATEWMARERL; % NHS AT CdTe/CdS AXKBEEREN TREER
FIRBEEE NHS B FOLRIB(b)vs(D)- (c)vs(g)s (d)vs(h): HFFh B —HLL
1: 20 BBME, 5 CdTe/CdS HKELERTAFTHIB(C)vs(d)- (gvs(h), RY
RS SR FREREHAXN. U ERSRY, NHS fEHM CdTe/CdS SiK
REEEASTHREE, FETENRENELE.
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2.5.2 CdTe/CdS Kk Etrii ik SHIEMER

CdTe/CdS WKEEF MR _HNAEZIE, EHHERIA 1gG. FHA 1gG.
RIUN 1gG mHF BT E R RIEH . R EHURS SR G- HAE 5% PBS
WAL . Frinsta s L 12,

& 12 CdTe/CdS AXK - FH M E WS BIIA IgG. FHIA 1gG. RITA 1gG HIEH
Figure 12 Combination of CdTe/CdS NC-goat anti-mouse IgG with mouse anti-human IgG,
goat anti-human IgG, rabbit anti-human IgG.

BTN 1gG BIFF @ AR S T BERMR BT, TEHA 1gG FIRIA IgG
IFE S 25K Y BUAR R SR BE 5% 06 (B 12). K BE CdTe/CdS 9K & 58 Yo ik T LLZE
LR BY T SCBA SR BRE R A

2.5.3 CdTe/CdS G0k f % 40 B A e i% 2 YehR i

fE 4 MARBAT GERERES), MKESARNEALERRR. AE
13 T AR RAE A RRERFARE, R EEW (L&A T R,

B DAPKMEER AR, BRBEMKEHR L. RUSKTEEEE
BE5HREANEAD TEHE, SHEERAS TGS AEIERE.

B DAHKM ST BSA G S HEHRERR, ARKTOAREH K,
Y BSA BBGEHAME, FEMRKMEREMS SO RFEMAYE, &
BSA SiEaKMERE ARG HRMH 5HARE A2 FRIE R HELS SRS
HEK-

B APKMELE 5 1gG SR G AT E BSA #HiH, SHN—HARCH
MMfERfE, MRRTOPRCER BN, HdBRIMKMEEEH R 16G 485
/i BSA HAGKMHRERARO A, FHR 1gG k54 TAMRERE CK19
FIRIIA 1gG i, HRBIHRL.

B OHEPRMELE 51 1gG AT MAGEF N-FB LR HBTL(NHS), 5
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BRI NHS ML, QR EFREE SN, 24 NHS of UInS&as K41k
5EASTREGS, HEEGBSTROMB FXF 4 a LA 4557k,

1). Nanoparticles + unmarked cells 2). Nanoparticle-BSA + unmarked cells

3) 4

3). Nanoparticle -(goat a mouse) IgG + BSA + anti-CK 19 IgG (mousc a human) marked cells
4). Nanoparticle-NHS-(goat a mouse) 1gG + BSA + anti-CK 19 1gG (mouse a human) marked cells

B 13 CdTe/CdS AR GUUBILFHIR AW S5H CK19 1gG MMAI1EH]
Figure 13 Combination of CdTe/CdS NCs and CdTeCdS-goat anti-mouse 1gG with CK19 IgG cell.

M ERBFRATUE L, BAVH &R CdTe/CdS AKX RS 5EHAN TR
&S, RFMEGRARMNE, NHS REHIXMLES, MBHES AN T
KIEEBHRT, SRR T A RS LR EbRC, AR %R
RARE AT ROERL S, HR5 RS MU,
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EAT  FCEEMKSNFULH AR ENS R RIER OB

ERE WATHEAKBNELEARBEORF. RERHARK
KB

1 FEL SRR RS RTINS IEA R

EAIUER, S0k 5 b TS 7EARR MHET & 2. @iuEgk
i TR F AP A s PIT Z F5 1, CupaSe, CuSe HK B ERUARIE, &R
REPIEEDKBGE WHIRERY BAESR T HILHFESK RS Wk MEy
HBAEZEEA BT CuzxSe FKAHE, Gedanken %8BI M Hl & H T Cup,Sel''),
Gurin ZERRE B 41 & 1M T CusSe 40K Bk,

BRITFRTEZETEL CuNOs),. WM. Tl ZMRAEE KN RAH &
CuSe 41X 5, ZHES LR FBARL R B A L. 7 {E. Ed TEM. HRTEM. XRD,
WL T LR & RAGKRATR. SGHFLESEI T,

1.1 LREL

1.1.1 %, B

ﬁ’i*ﬁﬂﬂ’]%%ﬁﬁﬁ@ﬁ]‘ H, F 5 % % (Transmission electron microscope, TEM)
JEOL-2010 B (HAHT) JE, MEAEN 200KV, X-HTLAT4 KA D8 ADVANCE
(Bruker/Axs, Germany)Jl €, Cu $8, A=1.54060A. 3J6oti% ST WIGIR 2 HIA
RF-5401PC 36 3%:4y Y6 B3 (Shimadzu, Japan) and UV-2550 %3+)tJ6 ¥ it (Shimadzu,
Japan)fllE . LL5h6i%H VERTEX 70 ZL4M#%{X (Bruker, Germany) ME, KBr EH .
FEZEM. TR (T4, AlfaAesar A7), WEE (Hivd, EEAFIEED, H
CRFI AL, RRAKHR Milli-Q BLEK.

1.1.2 Cu,Se K AEKE B

% 36.2 mg Se BN 10 ml 25%(wiw)BIEAK S, FIA 1.1523 g HEZEBH,
WHRR, BELENER. % 0.1234 g Cu(NOs)»3H,0 BT 25%FKF, HIEH
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ORI R LR
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AN B EAFABERES, SRNE 2h, HERBRLLE, FBUTEHRZE-K,
ZEREMTEK, BEHHIEN CuSe RENIBEZETER.

113 CuSe P KEMES. LEHTE

WAL 4 40K R B B SR E iE JEOL-2010 3 5 e 850U 52 . M AE AL ARG K 2 ¥ v i
L, FBakREILKT, EmEEE 200 kV FHEKSH TR TERA
KBS, BT RE TR, X-HEATH KA DMAX 2500, Rigaka Cu
¥ Ko A=1.54056 A QAL EHISK R RAGEH . DHMEEKNERARLA K
Ao

1.1.4 Cu,Se ZK S ¥EMBUE ST WE . Yl e

RIEFUFALTRAKBEBRE, FERR. RRECESRESH, WE
RO FRREAIERIRE. REBHEREZMFEENESH,
WRRANE.

12 GREiHg

1.2.1 Cu,Se I RBEHREIT

Bl & CuSe Sk ZHHRE 1(a). CusSe Gk R BELT, A F MW, CuSe
k&R 20-40nm, FF 10-20nm. BRREMUR KT . BTARBEHER
HHGBEEYETRAN, MTRHEARNAE, KEREEEETHEAREEHER
K. 1R18 Wulff £8: £FE (D) BEFRRANARBEURPEAK, X EHEE
RATFIR, WA 1FARERETAR. FUREHTERRY BHERMIZHE
k.

HTATSI LA 1), LRERHZENF, RHELEK, REBAR: LA=Rd,,,
A E AR N R (B BE, WEFTR. 4R PDF ArMER i (PDF:4-839)
-“ﬁlo
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BAT FUTHAKBNULHRKEOBE, RITLITOEL NI

d,=1.330(331) d,=1. 449(400),
Sl A=1,746(311)

Bl 1 CuSe #KAMESLHEE (L), Wi (4D
Figure1 TEM images of Cu,Se nanocrystals (2) and electron diffraction (b)

uvw455
B 2 Cu,Se 4K A HEGH (2) MBSMILHHRNMHIHEEE (b)
Figure 2 a: HRTEM of Cu,Se nanocrystals; b: HRTEM by FFT

B 2 2 CuySe XKL T () 20 ¥ L F BAAR LA R 28 0 14 52 M- 2R 6 f5 18 BB B T4
SHERE, RS PRT BMBRARTH FUPRANED| KRG, HFEFEH, B
CuSe MKKLF AL G 5CHF o X7 5 B T BRI AT 4 32 2R 345 20 SLA R
FHRIFIERE, X HEITIRE, SGRERSUTFH (455 HAGR R mEs T
(02-2) (-531) (-513) =“AFHABTHRE, Ml 71458, B %u
kR BER IR, =N A r BT R ST RIEES A A 2.07. 0.99. 0.99, Y Cu,Se
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6 PDF BRHE-E W14 DAL 25 S SO0, B i AT LU B B 47, SR ATHY CunSe
AL

1.2.2 X STE&ATST 44T

Cu,Se 41K & XRD ¥ (B 3) iR CuSe RiELIL MM &M, ShrfERe=
5.69400A, JCPDS: 88-2043)A8 . K& WA, frstign d EhS5CHE ESA)
H—%.

1 o 1 A
1600 —
£ %4
ol 2E 312
o O 9
20{ Lo (S 5 &~ &~
’(21 ) N~ XA =3
g %o <8 o & 2
g -~ N Q = o
- ) a e Q
01 | LT ~1
20 W\mw WM
0 T T o S B v
20 30 40 50 60 70 80 %
28(°)

Bl 3 Cu,Se 44K XRD Bl
Figure3 XRD patterns of Cu,Se nanocrystals

1.2.3 Cu,Se #K BB ML HIEF UV-Vis i

Cu;Se vk BB M K2 VE AT 0 iR A UV-Vis IEHRATHT R 7 dex = 241
nm, RAIEETE 585nm HIRK NI 4), EAHRNKTF CuSe HIKBEBR IR
B SRS SN-TT L P BRI ALF 554 nm( 5), 55 3CHR VA LRI
BEREEY 240m, ERHABNETRIBN.
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BAT WL TR BN R RIER LT MBI

200 T T T T v

1504 J

100 4 -

560 580 600 620 640 660 680 700 720
Wavelength nm

4 CuSe HAREF NI HE
Figure4 Fluorescence spectrum of Cu,Se nanocrystals

0.16 -

0.154

» 0.144

Ab

0.134

0.124

200 300 400 500 600 700 800
Wavelength nm

Bl 5 CusSe oK &S] MR
Figure 5 Absorption spectrum of Cu,Se nanocrystals
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1.2.4 Cu,Se 4K B BLFE

CusSe A K S EIRMIL MBI T,

B A 1) 3 98 B

3Se + 2NHy'HyO + 40H" — 28e” + (NHa)2Se0s + 3HpQr (1)

BATH T — s B kM E S ZBRE RN R AR AMERT . AR I A 2K
HEMAZIAEZ WA D, TRTER, TEARNMESR, HHRN1)ERS
MASFEZBPZ AR E . YEFRHEKBESHTMAREZRAZE, @kl
VIR, BRAGCHER. MRAS—RERNEER CREMEZRY, MRER
KB, BAEREEN, KR — 5 R AHEZBRNERN()FER T #ELH
HIYEM . ‘

ZHEE R E — iR

2Cu?*+ 2HSCH,COONa + 20H — 2Cu’ + (NaOOCCH,S)y+ 2H,0 @

76 Cu™-NH;-Se A Z&FE, 75 100°CR—THIE N TR 12 h, HI7§ CuSe 41X
B, KW E CWNHSe A Cu F@ZEH Cu'. HRE
Cu-NH;-Se-HSCH,COONa # &1, i T HI78 CuSe K&, BIRAT ML
B— MRS, 189 HSCH,COONa &3 TR BRI EM.

Cu,Se 99K At B R
2C“++ Se2- —_ Cuzse .................. (3)
ncuzse - (Cuzse)n .................. (4)

B2, BidBNERMITESEHTHRK, BT CusSe HKE, Hl&T
MM RN HEERESE TRARIKER, JGER T BENMER, EHETUH
THI& L EE B KR ‘

2 EREAFUFMERTEUBEARBN SN, RIEMRLHIEHR

=4 (One dimensional, 1D) KM, WAk, k. PR XY,
ti- F AL (O VE BT R A T Kk RS BRI, TR hA A &2 —1", Ew,0;
R-HEEMRAE, B MEERSERT 6120m LML, T B0 EBE
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BAR WETEMKINELHMKEOE R, RERUTRALNTIR
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FHRETRA RFRREHENROHERSERS, BANERUYEES TRER
WA, BT Bu,0; MRS MR 2H, Buy0; SUKFE S % 2 B135E. Bilers
BARABERRES & T Eu03 JKBRY, Patra B R ABKREERILEFE] T Eu0;
GIAHK T, Wakefield RABARI ST 6 & M T Eu0; 42K BH®, Zhang LD /.
AU E BB A FRRAIE T B0 #IKE™.  Gedanken NAME T LIt
2 RNAR T EwnO: #kE#D, k@, BEBINMKEL RERMTLY
A, Yada FEL T ZREMBRBEAEREXRTHE - ERLEUDHKE
213 .

ERBITRA—-FHEUEHERAEE B T -4 EwOs BOKM KL, A & i PE A
fERT, DT BREBAEER, AKFENSHR S S T Euw0(COy)H0 M
EwO; 9K, HiEFH, SRA—EHKME SRR, RHREWNRE. 2K4
EL7E 329 nm. 617 nm 1 658 nm HRA K .

2.1 LHRHY

2.1.1 R {e®

EuCly6H,0. AKFEM. + 5 =EHme (SDS) « I TR N A4k
(LR FEED, WRAKAEAHK.

Ak BB SUEITES BB (TEM, JEOL-2010) F1f1# 4% (SEM, Hitachi-530)
W 5E . X-51 2 7751 R B D8 ADVANCE (Bruker/Axs, Germany)#ll < , Cu #£, \=1.54060A.
# AR SM AT G R E 4 B EIL RF-S301PC REGIELX (&if, HA)
UV-2550 KA A6 R vH(EiE, BA)#AT.

2.1.2°Eu,0; FKER & B

¥ 0.20 g of EuCly-6H20 FE B 73K F 29k . 10 ml K. 0.20 g SDS. 10ml 1E
TEME 50 ml RAEREANEREERNES. mMHB 150 °C. #HAESE] 12 h,
MATEATERY RS, REHEAHRER, B ARAKR, AKX, TKIE
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Ll RS

RLig 3L

ik B ERFANAACE AR, 5118 EnOCO)H0 Hki. BIE, #H

SHTE 650 °C 1B 0.5 h, 15 8 Eu,05 1K

2.1.3 Eu,O, KB HIRIE

Eu,0(CO5)H:0 1 Eu0; Sk B 41T JEOL-2010 SB4T M E . HgkK
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Figure 6 XRD pattern of Eu,03 nanorods.
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Figure 7 Energy dispersive spectroscopy of Eu;O3 nanorods
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Figure 8 (a) TEM of Eu;O; nanorods; (b) HRTEM of Eu;0; nanorods; (C) ED of Eu;05
nanorods; (d) TEM of Eu,O(CO3),'H,0 nanorods.
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Figure 11 Fluorescence spectra of Eu,0; nanorods.
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