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Fluorescence Proper ties of Cd(OH)2-activated CdSand
CuS-coated CdS Nanocrystals’
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(Department of Physics and N ational L aboratory of Solid StateM icrostructures,
N anjing U niversity, Nanjing 210093)

Abstract CdS nanocrystalsw ith amean dianeter 5 nm have been prepared by s0l-gel method
Fluorescence (FL) properties of CdS nanocrystalsmodified with wo different methodsw ere
studied at room temperature A ctivation of CdS nanocrystals by a cadnium hydroxide precipi-
tate leads to an enhancement of FL intensity by a factor of 15 comparedw ith the onesw ithout
activation. W e have firstly chosen CusS as a shell to coat CdS nanocrystals by ion substitution
reaction, and the FL of the coated CdS/CuSwas al® investigated W ith the modification of
CusS the initial surface defect states of CdS nanocrystalsw as passivated, w hich resulted in the
appearance of the direct’ band-edge’ recombination of the electron-hole pair in CdS nanocrys-
tals
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1 Introduction

Recently, the study on the characterization of the samiconductor nanocrystals pre-
pared by l-gel method has been made including aimost all II-VI compounds Some I1I-V
samiconductors'™! and even IV-IV samiconductors? als can be prepared in olution Since
guantum oonfinement of electrons and holes in a nanocrystal, the colloidal samiconductor
nanocrystals have digplayed some novel linear and nonlinear optical properties compared
w ith the bulk materials But as the size of nanocrystals decreases, the surface to volume
ratio of nanocrystals increases and the surface effect becomes mportant Egecially, the
interface-related defects strongly affect the FL process of nanocrystals On the one hand
the strong FL from the defectsmake the' band-edge’ recombination difficult to be detect-
ed, on the other hand some defect states as the nonradiative recombination centres of the
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charge carriesmake FL efficiency of nanocrystals very low. In order to mprove FL fea
tures of nanocrystals the surfacemodification techniques have been used to increase the FL
quantum yields For example, CdS has been used to produce a fully epitaxial shell around
CdSe nanocrystalsw hich digplays luminescence quantum yields as high as 80% at room
te“nperature[sl, CdSe quantum dots passivated w ith a ZnS layer digplays strong lumines
cence (35 to 50% quantum yield) at room temperature'®. The coated CdSe/CdS system
has been used as fluorescent probes for the study of biological materials'®.

In this paper we present detailed studies of optical properties of olloidal CdS
nanocrystals treated by surface modification w ith two different materials A ctivating CdS
w ith a relatively w ide-bandgap Cd (OH): results in an dranatic enhancanent of fluores
cence intensity of CdS nanocrystals, while coating CdSw ith a relatively narrow -bandgap
CuSmake the direct’ band-edge’ FL of CdS nanocrystalsobservable

2 Experment

The CdS base solwasprepared by ol-gelmethod 9.5mlof 2nM N a:S aqueous 0 lu-
tion w as slow ly injected into 10m | of 2nM Cd(NO3s) 2 aqueous lution containing 10m | of
0.4% gelatin as the stabilizing agent under vigorous stirring The PH of @lution before
the precipitation w ith N a2Sw as adjusted to 8 Thew hole synthetic timew as about 5min
The analysesof TEM and ED reveal that the size of CdS nanocrystals synthesized in this
method isabout 5 nm, and the crystal structure is thew urtzite structure!”. The activation
of the base 0l consisted of the dropw ise addition of IM N &OH to establish apH of 11, fol-
low ed by the dropw ise addition of 1.2x 10" °M Cd(NO3)-

In order to make the coated CdS/CuS nanocrystals, to the CdS base colloid lution
above, 4nlof 2nM Cu(NOs)2 lution is added under stirring Because of the absence of
excess S ions in the olution, the separated CuS single nanoparticles can not be formed
directly. At first, Cu* ions are attached to the surface of CdS nanocrystals, and then the
Cu” ions digplace Cd* in the Cd—S bond to fom a Cu—S bond on the surface of CdS
nanoparticles These CdS nanoparticlesw ith a shell of CuSon the surface are called coated
CdS/CuS nanocrystals The procedure of ion diglacing is shown in Eq. 1

Cu® + CdS—Cd* + CuS (1)
Here, we selected CuSw ith a relatively narrow -bandgap as coat material because the 0lu-
bility product of CuS is at least 16 orders of magnitude snaller compared to that of CdS,
w hich assure that the substitution-type reaction (1) can occur.

3 Reaultsand D iscussion

Figure 1 show s the absorption ( curve a) and FL gectraof CdS nanocrystals at room
tenperature before (curve b) and after activation (curve ¢) (Aec= 400nm). The absrption
gectrum of CdS nanocrystals show s that the onset of absrption is near 460nm, w hich
means the bandgap of CdS nanocrystals is about 2. 708/. Compared with the bandgap
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(2. 45ev ) of bulk CdS there is0. 25¢V/ blue shift, w hich
show s evident quantum sized effect The base lshad a
weak FL band in the 500 nm to 700 nm range, w hich is
attributed to recombination of charge carries mmobi-
lized in traps of different energies The low quantum
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yield is due to the dom inating of the non-radiative re- g

combination of the charge carries A fter activation theiE B
FL intensity have an enhanceament by a factor of 15 and
the FL peak position (A= 570nm) aimost does not shift

W e tentatively propose that the surface of CdS

nanocrystals be passivated by Cd (OH)z It is because 3¢9 500 700 300
Wavelength/nm

during activation, SH™ groups of the surface of CdS

. 2- . . .
nanocrystals are converted into S ionsw hich then bind FIG.1 Absomption (a) and

excess Cd” ions, possibly in the form of S Cd* fluorescence pectraof CdS
OH" structure The ranoval of SH™ groupsand the ac- before (b) and after
cumulation of Cd* ionson the surface destroy the sites activation (c)

w here non-radiative recom bination of the charge carries can occur, < the radiation recom-
bination of charge carries trapped in shallow traps is enhanced relatively. The strong FL
band is close to the onset of absorption (A= 460nm), sow e can deduce that it is attributed
to the recombination of charge carries trapped in shallow traps (near band gap recombina-
tion).

The FL gectraof CdS (curve a) and coated CdS/CusS systen (curve b) at room tem-
perature are shown in Fig. 2 (Axc= 400nm). Compared bw ith a two features are of inter-
est. (1) The' band-edge’ fluorescence (A= 460nm) of CdS nanocrystals becomes evident
in the coated CdS/CusS system; (2) The initial FL peak of CdS nanocrystals shifts from
570nm to 680mim. From the two featureswe propose that after CdS nanocrystals w ere
coated by CusS layer the surface defect statesof CdS nanocrystalsw ere passivated by CuS
layer. So the strong FL from the trgpson the surface of CdS nanocrystals is extinguished
and the' band-edge’ FL relatively enhances The FL peak at 680nm w as attributed to the
lum inescence of CusS layer formed on the surface of the CdS nanocrystals, because the FL
energy is close to the bandgap (2.0ev ) of CuS nanocrystals The schene of the band
structure for explaining the FL processof coated CdS/CusS is shown in Fig.- 3 A s the sur-
face of CdS nanocrystalsw as coated by a layer of CuS, the initial surface defect states of
CdsS nanocrystalsw aspassivated and the band of CuS isformed The FL processof coated
CdS/Cus system proceeds in woways one is the direct’ band-edge’ fluorescence of CdS
nanocrystals, the other is fluorescence from CuS layer Because FL intensity from CuS
layer ismuch w eaker than that from the surface defect states of CdS nanocrystals and FL
peak position from CuS layer deviate prominently from that from*‘ band-edge’ of CdS
nanocrystals, the direct’ band-edge’ FL becomesobservable
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FIG.2 Fluorescence spectraof CdS (a) and FIG.3 Energy schemes illustrating the FL
coated CdS/CuS systam (b) (Aec= 400nm) process of coated CdS/CuS system

4 Conclusion

Two different methods have been used to modify the surface of CdS nanocrystals Cd
(OH)2-activated CdS nanocrystals have an enhancanent of FL intensity as the result of
surface passivation Due to the formation of CuS layer on the surface of CdS nanoparti-
cles, FL from the surface defect statesof CdS nanocrystals is extinguished and the direct

‘ band-edge’ FL becomesobservable
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