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Abstract

ZnS/CdS/znS quantum dot quantum well was prepared. The optical properties of ZnS/CdS/ZnS QDQW with different thickness of CdS
well and ZnS shell were studied. Absorption spectra, emission spectra, and luminescence lifetimes were measured. The observed lumine
cence was assigned to the bulk donor—acceptor pair recombination of CdS and can be enhanced by increasing the thickness of the CdS w
or coating an appropriate thickness of ZnS shell on the surface of the CdS well. The luminescence enhancement was caused by the relati
reduce in the surface effect. The luminescence lifetimes were influenced strongly by the surface state.

0 2005 Elsevier Inc. All rights reserved.
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1. Introduction region has been obtained by tuning the thickness of various
layers in the CdS/HgS/CdS quantum dot quantum well.

) . ) ) ) We have prepared a ZnS/CdS/ZnS quantum dot quantum
With different properties from the bulk matenals, SeMI \vell in inverted micelleg24]. The optical properties were
conductor _quar_1tur_n dots have draw_n considerable 'mereSt'notjust the superposition of the properties of separated ZnS

Research in this field has been active for several decadesg,q cgs nanoparticles. Recently, Little et[25] reported

The study followed three directions. The first is preparing the chemical characteristics of the same sample structure,

quantum dots of new materials. Up to now, a wide variety zns/cds/znS QDQWSs, and the electronic states obtained

of II=VI [1-3], lI-V [4-6], and even IV-IV[7-9] semi-  py absorption spectra. In this paper, we reported the effect of

conductor quantum dots have been prepared. The second igyer thickness on the absorption spectra, the emission spec-

preparing quantum dots of usual materials by novel meth- tra, and the luminescence lifetime. In particular, we fitted the

ods. The inverse micelles methfitD,11]is one of the best  decay curves with hyperbolic functions.

methods by which small nanoparticles with narrow size dis-

tributions can be obtained. The third is building up complex

heterostructures such as core—shell struct{t&s17]and 2. Experimental

guantum dot quantum well structurgls8—23] At low tem-

peratures, some core—shell structures have displayed a quan- The ZnS/CdS/ZnS quantum dot quantum well was pre-

tum yield of 80%. Luminescence in the entire visible light pared in three steps by a method described elsewBéte
First, the ZnS core was prepared in AOT (dioctylsulfosucci-
nate sodium salt) in heptane with water-to-surfactant mole

* Corresponding author. ratio W = 4, which led to the diameter of the ZnS core
E-mail address: 9990629@sina.corfi..X. Cao). being 3 nm. Second, a calculated amount ofCibns
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was added to displace the Znions in the Zn-S bond to 1001

form a Cd-S bond on the surface of the ZnS core, result-
ing in the formation of a CdS well. This was chemically 80 -
reasonable because the solubility of CdS was at least five or-
ders of magnitude smaller than that of ZnS. Third, the ZnS
shell was formed by the slow introduction o8 and then
appropriate amounts of 2h ions. Thickness of the ZnS

Absorbance

shell can be controlled by changing the amount of*Zn 40

ions addition. Repeating steps two and three will lead to o

the thickening of the CdS well. The ZnS/CdS/ZnS quan-

tum dot quantum well was characterized elsewher. 20

In this paper, the ZnS/CdS/ZznS QDQW was represented

by ZnS(CdS),(ZnS),, wherem andn are the numbers of 0 . . .
monolayers of CdS and ZnS. The thickness of the well and 250 300 350 400
the shell layer can easily be calculated by taking into account Wavelength (nm)

the mole volumes of CdS and ZnS and the initial molar ra-

tio of Zn?t to CPt ions. According to the calculation, the  Fig. 1. Absorption spectra of ZnS/CdS/ZnS QDQW of a 1-mono-

thickness of a monolayer of CdS was 0.46 nm and that of layer CdS well with different thicknesses of ZnS shell. (1) ZnS

ZnS was 0.42 nm. (CdS) o(ZnSh; (2) ZnS(CdS) o(ZnSh.4; (3) ZnS(CdS) o(ZnSh.7;
Absorption spectra were measured with a Shimadzu (4) ZnS(CaS) o(2nSk.4

recording spectrophotometer. Fluorescence spectra were

taken by a HITACHI F-4500 fluorescence spectrophotome- 2

ter. The emission lifetime measurements were performed by

0.8
a SP-70 nanosecond fluorescence spectrometer.

> 064
3. Resultsand discussion 2

L 044

=

Fig. 1 gives the absorption spectra of ZnS/CdS/ZnS
QDQW of a 1-monolayer CdS well with different thick- 02
nesses of ZnS shell. It can be seen that for the sample with
a 0-monolayer ZnS shell, an absorption onset at 355 nmand ' . _ ; =
a large shoulder at 325 nm were observed. When the parti- 400 500 600 700
cles are covered_ by a 1.4-monolayer ZnS shell, the_ onset anc Wavelength (nm)
the shoulder shifted to 375 and 345 nm, respectively. The
positions of the absorption onset and shoulder change littleFig. 2. Emission spectra of zZnS/CdS/znS QDQW of a 1-mono-
while the thickness of the ZnS shell increases from 1.4 to 3.4 layer CdS well with different thicknesses of ZnS shell excited at
monolayers. We assign the absorption onset and shoulder t?>6 nm. (1) ZnS(CdQ)o(ZnSh; (2) ZnS(CdS).o(ZnSh .4 (3) ZnS
an electronic transition within the CdS well. Itis blue-shifted (€4Sko@nSk.7: (4) ZnS(CdS) oZnSk.4-
from 495 nm for the bulk CdS because of the quantum con-
finement effecf26]. In the sample with a 0-monolayer ZnS sorption. But, as the thickness of the CdS well increased, the
shell, the barrier between the CdS conduction band and thewell had a more important influence on the absorption bands
surroundings is so high that the electrons in CdS can tun- (shown inFig. 5).
nel only slightly into the surrounding organic matrix (AOT The emission spectra of ZnS/CdS/ZnS QDQW of a 1-
and heptane) and hence they are well restricted within the monolayer CdS well with different thicknesses of ZnS shell
CdS monolayer. When a shell of ZnS surrounds the CdS are presented iRig. 2 A broad emission band for CdS with
well, the barrier height gets lower and the electrons in the maximum at 520 nm is observed. It is also shifted to blue in
CdS layer may tunnel into the ZnS shell. The increased de-comparison with the bulk CdS. When a 1.4-monolayer ZnS
localization of the electron lowers its confinement energy shell overcoats the CdS well, the luminescent intensity in-
and results in a red shift of the absorption onset and shoul-creases. As the thickness of the ZnS shell further increases,
der. Beyond a certain thickness of the ZnS shell the electronsthe luminescent intensity decreases to a small degree. The
cannot spread out further, and the confinement energies reemission corresponds to the bulk donor—acceptor recombi-
main constantl4]. So we can say that the coupling between nation of CdS. Surface states usually act as radiationless re-
well and barriers determined the position of the absorption combination centers. The ZnS shell compensates for most of
band. When there is only one layer of CdS well, both the the vacancies on the surface of the CdS well and the nonra-
ZnS core and shell make important contributions to the ab- diative recombination sites are passivated. These are respon-
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Fig. 3. Luminescence decay curves of ZnS/CdS/ZnS QDQW of a 1-monolayer CdS well with different thicknesses of ZnS shell at 520 nm excited by 337 nm.
Experimental curves (black); fitting curves (red). (1) ZnS(GAINnS); (2) ZnS(CdS) o(ZnS) 4; (3) ZnS(CAS) o(ZnSy 7; (4) ZnS(CAS) o(ZnS) 4.

sible for the luminescence enhancement. The lattice parameTable 1
ters of CdS differ from that of ZnS by 7%. About one-unit- Emission lifetime data of ZnS/CdS/ZnS QDQW with different thicknesses
cell-thick coating layers can accommodate the lattice misfit °f ZnS shell

between CdS and ZnS by elastic strain exclusijaly]. No. a b(ns1)

But as the shell is thickened further, the increasing strain 1. zns(CdSs) ¢(znS) 817.7+6.7 0.075+0.0011

due to the lattice mismatch could lead to the formation of 2.ZnS(CdS) o(ZnS) 4 8127+75 0.033+0.0006

dislocations. Some reduction in the luminescent intensity is 3- ZNS(CdSio(ZnSk 7 9055+8.0 0.046-0.0008
4. ZnS(CdS) o(ZnSk 4 8580+9.5 0.056+0.0012

attributed to the generation of misfit dislocations, which act
as centers for radiationless recombination when the thick- Note-¢=1.02.

ness of the shell increasgist]. On the other hand, with the

amounts of ZnS increasing, the concentration of the CdS lu- the luminescent decay slow. That the luminescent decay was
minescence centers decreases which results in some of thglowed down by a ZnS shell indicates that the surface vacan-
reduction in the luminescence intensity. cies, which act as nonradiative recombination centers, are

Fig. 3 (black) exhibits the luminescent decay curves of passivated by the ZnS shell. When the ZnS shell is thickened
ZnS/CdS/ZnS QDQW of 1-monolayer CdS with different further, the increased dislocations lead to the surface vacan-
thicknesses of ZnS shell. Due to the pair feature of the emis- cies increasing, resulting in a shorter luminescent lifetime.
sion, we fit the decay curves with a hyperbolic function: The luminescent lifetimes of ZnS/CdS/ZnS QDQW at

¢ various monitoring emission wavelengths are also measured
F(t)za(l/(l"'bt)) ) (Fig. 4). They exhibit a range of wavelength-dependent

We chose a single (c is a parameter that is proportional emission lifetimes. The luminescent decays are found to be
to the velocity of donor-accepted recombination) for all the slower at longer wavelengths. This is one of the charac-
decay curves; thus or 1/b (with ¢+ = 1/b the intensities  teristic properties of pair recombination. As shown earlier,
decays to 2¢ of its original intensity) can be compared. the wavelength dependence of the emission lifetime in a
1/b was the time constant. The fitting curves are exhibited semiconductor crystallite arises from the contribution of the
in Fig. 3 (red) too. The decay parameters derived from this coulombic energy of interaction between the electron—hole
analysis are summarized Tiable 1 pair to the total energy of the emitted phot@7].

As presented iable ] the time constant/b increases We also studied the properties of ZnS/CdS/ZnS QDQW
when a 1.4-monolayer ZnS shell surrounds the CdS well. of a 1-monolayer ZnS shell with different thicknesses of
When the thickness of the ZnS shell increases furthédr, 1 CdS well.Fig. 5 presents the absorption spectra. It can be
decreases again gradually. This indicates that the ZnS shelkeen that the absorption onset at 375 nm and the shoulder
or the surface plays an important role in the luminescence. at 345 nm shift red to 410 and 375 nm when the thickness
Usually, radiationless recombination is a fast process and theof CdS well increases to 4 monolayers from 1 monolayer.
radiationless recombination route decreasing would lead to The red shift is attributed to the size increase of nanoparti-
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Fig. 4. Luminescent decay curves of ZnS(CO&¥nS)z 4 monitored at dif- Fig. 6. Emission spectra of ZnS/CdS/ZnS QDQW of a 1-mono-

ferent wavelengths excited by 337 nm. (1) 550 nm; (2) 510 nm; (3) 470 nm. layer ZnS shell with different thicknesses of CdS well excited at

370 nm. (1) ZnS(CdQ)o(ZnS), o; (2) ZnS(CdS) o(ZnSh.0; (3) ZnS

100 - (CdS}.0(ZnSh.o; (4) ZnS(CdS) o(ZnSh.o-
Table 2
80 Emission lifetime data of ZnS/CdS/ZnS QDQW with different thicknesses
of CdS well
8 604 No. ay/az
S 1. ZnS(CdS) o(ZnSk o 10.10
2 2.ZnS(CdS) o(ZnSh o 3.45
Q 404 3. ZnS(CdSy o(ZnS) o 2.74
Q0 4. ZnS(CdS) o(ZnS) o 252
< 5. ZnS(CdS) o(ZnS) 3 2.39
20+ Note.by: 0.013;by: 0.0013;¢1: 5.46;cp: 5.39.
0 : : ‘ : where the subscript 1 denotes type 1 CdS, which has faster
250 300 350 400 450 decay, while 2 denotes type 2 CdS, which has slower decay.

Wavelength (nm) Keepingb.l, by, c1,c2 @s constants fgr a!l curves, the ratio of
ai1/az, which gave the relative contributions of the fast decay
Fig. 5. Absorption spectra of ZnS/CdS/ZnS QDQW of a 1-mono- process and the slow one to the overall emission could be
layer ZnS shell with different thicknesses of CdS well. (1) ZnS compared. The fitting curves are presentefigqn 7 (red) and
(CdS) o(ZnSh.o; (2) ZnS(CdS)o(ZnS).0; (3) ZnS(CAS o(ZNSh.o; the decay parameters from the fitting analysis are presented
(4) ZnS(CdS) o(ZnS) 0. in Table 2
Table 2indicates that the ratio ef; to a2 decreases grad-

cles. With increasing thickness of the CdS well, red shift of ually with CdS well thickening. This indicates that the rela-
emission maximum and increase of emission intensity are tive contribution of the fast process to the overall emission is

observedFig. 6). The luminescent enhancement is assigned decreasing am_j that of the slow process is incrgasing. In other
to the contribution of the increased amount of CdS in one words, the ratio of the nonradiative recombination to the
particle. overall_ emission, viz., the surface effect is reduckable 2

The luminescence decays of the ZnS/CdS/znS QDQwW &S0 gives parameters of the sample ZnS(Gd&@nS) 5.
with 1-monolayer ZnS shell and various thicknesses of CdS Compared to the sample ZnS(C4H)ZnSh.o, the ratio ofay
well were also measuredig. 7, black). The CdS mole- to ap is smaller. This also indicates that the surface strongly

cules can be divided into two kinds. One is closely related influences the luminescent properties of nanoparticles and

to the vacancies (nonradiative recombination centers) on theaheesig:(?ge modification of the ZnS shell enhances the lumi-

interface, whose luminescence decay should be faster. The
other is far from those vacancies, which should have longer
Ilfetlm(_as. So the luminescence decay should havg two hy- 4. Conclusions
perbolic components. These decay curves were fitted by a

hyperbolic function, given as The optical properties of ZnS/CdS/ZnS QDQW with dif-
1 o ferent thicknesses of CdS well and ZnS shell were studied.
F(1) =a1(1/(1+b10))™ +az(1/(1+ b21)) ™, Luminescence at 520 nm can be assigned to the bulk donor—
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Fig. 7. Luminescent decay curves of ZnS/CdS/ZnS QDQW of a 1-monolayer ZnS shell with different thicknesses of CdS well at 520 nm excited by 337 nm.
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acceptor recombination of the CdS. Increasing the thickness[10] P. Lianos, J.K. Thomas, Chem. Phys. Lett. 125 (1986) 299.
of the CdS well could lead to the enhancement of the lumi- [11] M.L. Steigerwald, A.P. Alivisatos, J.M. Gibson, T.D. Harris, R. Ko-

nescence. The luminescent intensity first increases and then
decreases slightly with the ZnS shell thickening. Whether
the luminescence is enhanced or reduced has a relation to the

rtan, A.J. Muller, A.M. Thayer, T.M. Duncan, D.C. Douglass, L.E.
Brus, J. Am. Chem. Soc. 110 (1988) 3046.

[12] H.S. Zhou, |. Honma, H. Komlyama, J.W. Haus, J. Phys. Chem. 97
(1993) 895.

contribution of the surface relative to the overall emission. [13] C. Ricolleau, L. Audinet, M. Gandais, T. Gacoin, Thin Solid Films 336

The luminescent decay curves were fitted well with hyper-

bolic functions.

Acknowledgments

We thank the Natural Science Foundation of Shandong
Province (Q2002B01), the Excellent Young Teachers Pro- 17]

gram of MDE, People’s Republic of China ([2003]355),

and the State Key Project of Basic Research (Grant 973.

(G19981309) for financial support.

References

[1] L.E. Brus, Appl. Phys. A 53 (1991) 465.

[2] H. Weller, Adv. Mater. 5 (1993) 88.

[3] X.G. Peng, L. Manna, W.D. Yang, J. Wickham, E. Scher, A. Kada-
vanich, A.P. Alivisatos, Nature 404 (2000) 59.

[4] H. Uchida, C.J. Curtis, A.J. Nozik, J. Phys. Chem. 95 (1991) 5382.

[5] H. Uchida, C.J. Curtis, P.V. Kamat, K.M. Jones, A.J. Nozik, J. Phys.

Chem. 96 (1992) 1156.

[6] U.H. Lee, D. Lee, H.G. Lee, S.K. Noh, J.Y. Leem, H.J. Lee, Appl.
Phys. Lett. 74 (1999) 1597.

[7] J.R. Heath, Science 258 (1992) 1131.

[8] K.A. Littau, P.J. Szajowski, A.J. Muller, A.R. Kortan, L.E. Brus,
J. Phys. Chem. 97 (1993) 1224.

[9] A. Kornowski, M. Giersig, R. Vogel, A. Chemseddine, H. Weller, Adv.
Mater. 5 (1993) 634.

(1998) 213.

[14] B.O. Dabbousi, J. Rodriguez-Viejo, F.V. Mikulec, J.R. Heine, H. Mat-
toussi, R. Ober, K.F. Jensen, M.G. Bawendi, J. Phys. Chem. B 101
(1997) 9463.

[15] A. Hasselbarth, A. Eychmdiller, R. Eichberger, M. Giersig, A. Mews,
H. Weller, J. Phys. Chem. 97 (1993) 5333.

[16] L. Spanhel, M. Haase, H. Weller, A. Henglein, J. Am. Chem. Soc. 109

(1987) 5649.

B. Schreder, T. Schmidt, V. Ptatschek, U. Winkler, A. Materny, E.

Umbach, M. Lerch, G. Miiller, W. Kiefer, L. Spanhel, J. Phys. Chem.

B 104 (2000) 1677.

[18] A. Eychmiller, A. Mews, H. Weller, Chem. Phys. Lett. 208 (1993) 59.

[19] A. Mews, A. Eychmdiller, M. Giersig, D. Schooss, H. Weller, J. Phys.
Chem. 98 (1994) 934.

[20] A. Mews, A.V. Kadavanich, U. Banin, A.P. Alivisatos, Phys. Rev. B 53
(1996) R13242.

[21] V.F. Kamalov, R.B. Little, S.L. Logunov, M.A. El-Sayed, J. Phys.
Chem. 100 (1996) 6381.

[22] A.T. Yeh, G. Cerullo, U. Banin, A. Mews, A.P. Alivisatos, C.V. Shank,
Phys. Rev. B 59 (1999) 4973.

[23] R.B. Little, C. Burda, S. Link, S. Logunov, M.A. El-Sayed, J. Phys.
Chem. A 102 (1998) 6581.

[24] L.X. Cao, S.H. Huang, S.L. E, J. Colloid Interface Sci. 273 (2004)
478.

[25] R.B. Little, M.A. El-Sayed, G.W. Bryant, S. Burke, J. Chem. Phys. 114
(2001) 1813.

[26] R. Rossetti, J.L. Ellison, J.M. Gibson, L.E. Brus, J. Chem. Phys. 80
(1984) 4464.

[27] N. Chestnoy, T.D. Harris, R. Hull, L.E. Brus, J. Phys. Chem. 90 (1986)
3393.



	Effect of layer thickness on the luminescence properties of ZnS/CdS/ZnS quantum dot quantum well
	Introduction
	Experimental
	Results and discussion
	Conclusions
	Acknowledgments
	References


