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B-Cyclodextrin 3-CD)-modified CdSe £-CD/CdSe) and CdSeCdS core-shell structured -CD/
CdSe-CdS) quantum dots (QDs) were synthesized by a single-phase approach in aqueous solutions.
These receptor-modified QDs are very soluble and stable in water over a wide range of pH values and
ionic strengths. Coating a CdS shell on the CdSe core greatly increased the quantum yield (QY) of
original CdSe QDs. Photoactivation of these particles by the room light results in 46% Q¥Gov
CdSe-CdS in water. The surface-anchor@D still retains its host capability for the complexation of
different organic species in aqueous solutions. More interestingly, the fluorescence sensitivity of these
QDs to the same substrate is ten times higher than that of their counterparts reported in our previous
work. Furthermore, the fluorescence of these receptor-modified QDs could be reversibly tuned in two
directions, enhancement or quenching, by selectively introducing different redox-active substrates in
aqueous media.

Introduction including small hydrophobic molecules inside their cavities
in aqueous media. It was observed that self-assembly of CDs
on nanoparticles would bring these nanoscale entities with
the ability to hold hydrophobic molecules on their surfates,

which led to several interesting studfes.

Semiconductor quantum dots (QDs) are currently an active
subject of researéhin nanoscience and nanotechnology
because of the fast development of their synthetic methods.
In particular, ligand-protected QDs have been increasingly
explored as analytical tools in many biological filgince In this work, we report the preparation of the first water-
the seminar worksfrom Alivisatos et al. and Chan and Nie.  Soluble, monothiolateg-cyclodextrif (nSH{-CD, Chart
Introduction of organic ligand on nanoparticle surfaces 1)-modified CdSe-CdS core-shell structured QDs by using
provides not only the stability of these nanoentities in @ One-pot approach in aqueous media. These receptor-
different solvents but also the desired surface function4lity. Modified QDs are very soluble and stable over a wide range
Within this scheme, artificial receptor-modified nanopar- ©f PH values and ionic strengths. In addition, the quantum
ticles® are one of the interesting research topics. Cyclodex- Yield (QY) of these particles could reack40% upon
trins (CDs§ are well-known molecular hosts capable of photoactivation under the room light. More interestingly, the
fluorescence of these QDs could be reversibly tuned through

| complexation induced interactions between these QDs and
Iggggmgm o ﬁgfe’fi'jgy-science and Engineering selected molecular species in aqueous solutions. Thus, these
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Chart 1. Molecular Structures of Host and Guests in This solution (pH~ 12) three times and then pure water four times. A
Study solid powder was obtained by freeze-drying this sample.
OH SH Photoactivation of Receptor-Modified QDs in Aqueous Solu-
SH tions. A desired amount g8-CD/CdSe or3-CD/CdSe-CdS was
. Q Q g - dissolved in deionized water. The solution was kept sealed in a
6 = glass vial on the lab bench. The photoactivation was carried out
HO OH HO  OH under room light. No additional light source was used. The optical

properties of this sample were monitored everyday by-Wi¢ and

mSH-3-CD
florescence measurements.

COOH o
@/\COOH TEM Measurements. The TEM and energy-dispersive spec-
Fe trometry (EDS) measurements were carried out on a JEOL4000FX
< instrument. A few drops of eith¢t-CD/CdSe o3-CD/CdSe-CdS
o) aqueous solution were transferred onto a carbon-coated copper grid.
AD FC BQ The water was naturally evaporated at room temperature. The TEM

images were obtained at 200 keV acceleration voltages.
in the investigation of noncovalent interactions between Photon Correlation Spectroscopic (PC$MeasurementsPCS

chemical or biological species and QDs in aqueous media. &xperiments were carried out on a Coulter N4-Plus instrument. The
stability of 5-CD-modified QDs in aqueous solutions was monitored

at room temperature. The scattered light was detected & @om
the incident beam. The viscosity and refractive index of QD
Materials. All chemicals and solvents used in the work are Solutions were taken as identical to the values of the pure water.

commercial products (from Aldrich or Acros) with the highest ~ NMR Measurements.NMR spectra (400 MHz) were recorded
quality available unless noted in the following text. Deionized and ©" @ Varian U400 NMR spectrometeid NMR spectra of free
doubly distilled water was used throughout all experiments. /A-CD and surface-anchorgCD on QDs were obtained inJD.
Deuterated solvents for NMR study were obtained from Cambridge ~ Fluorescence Measurementsthe fluorescence gf-CD/CdSe
Isotope. Carbon-coated copper grids (400 mesh) for transmission@nd/3-CD/CdSe-CdS in aqueous media was recorded by using a
electron microscopy (TEM) measurement were from Ted Pella. SPex Fluorolog 1681 fluorophotometer. QYs of these surface-
MSHAB-CD (Chart 1) was synthesized and fully characterized Modified QDs were calculated by using Rhodamine B as a

Experimental Section

according to the reported proceddre. referencé? Optical densities were kept within 0.2 at the excitation
. - . wavelength.
Preparation of CdSe QDs Modified with mSH{-CD (3-CD/ ; .
CdSe).Synthesis of mSH-CD-modified CdSe QDs%CD/CdSe) UV —Vis Measurements.UV—vis spectra ofs-CD/CdSe and

B-CD/CdSe-CdS in aqueous media were recorded on a HP8452A

followed a procedure similar to the one reported by Kotov éf al. .
diode array spectrophotometer at room temperature.

In a typical preparation, 50 mg of sodium citrate was added to 45
mL of deionized water containing 2 mL of 0.04 M cadmium . .
perchlorate at pH 9. This mixture was purged withfbr 10 min, Results and Discussion
and 2 mL of 0.01 MN,N-dimethylselenourea was then added. The

reaction was taking place under the reflux condition in the N, 3 S
atmosphere. After 30 min, 50 mg of MSHED was added, and B-CD/CdSe andf-CD/CdSe-CdS. Water solubility is very

the reaction was carried out for another 6 h. During this course, 'mpor_tant to QDs for their chemicdland b'°'°9'ca' ap_—
the solution became a clear orange color indicating the formation Plications. A popular approach for the preparation of high-
of CdSe QDs. The reaction was then naturally cooled to room quality water-soluble CdSe QDs is to synthesize these
temperature and kept stirring undeg dbivernight. particles in trioctylphosphine oxide at high temperattaad
Preparation of CdSe-CdS Core—Shell Structured QDs then to perform the ligand exchange for the introduction of

Modified with mSH- -CD (5-CD/CdSe-CdS). A total of 50 mg water solubility of these nanoentities. Several other ap-
of sodium citrate was added to 45 mL of deionized water containing proache®¥ have been reported to prepare water-soluble QDs.
2 mL of 0.04 M cadmium perchlorate at pH 9. This mixture was
purged with N for 10 min, and 2 mL of 0.01 MN,N-dimethylse- (12) Nagesha, D. K.; Liang, X.; Mamedov, A. A.; Gainer, G.; Eastman,
lenourea was then added. The reaction took place under the reflux l\Bﬂ-zéalGli%rasi%gﬂd; Song, J.-J.; Ni, T.; Kotov, N. Al. Phys. Chem.
condition '9 the N atm_osphere for 6_ h. Th_loacetamlde (0.04 M? (13) (a)Jin, W.J;; Fer’midez-ArgleIIes, M. T.; Costa-Fefmalez, J.; Pereiro,
was then introduced into the reaction mixture. The molar ratio R.; Sanz-Medel, A.Chem. Commun2005 883. (b) Chen, Y.;
between Se and S was controlled to be 1:1. A total of 50 mg of Rosenzweig, ZAnal. Chem 2002 74, 5132.

_ ; ; ; (14) (a) Murray, C. B.; Norris, D. J.; Bawendi, M. G@. Am. Chem. Soc.
mSH{3-CD was also introduced at this stage. The solution turned 1993 115 8706, (b) Vossmeyer. T.. Katsikas. L. Giersig, M.. Popovic,

Preparation and Characterization of Water-Soluble,

red within minutes at 753C. The reaction mixture was stirred for . G.; Diesner, K.; Chemseddine, A.; Eychmuller, A.; Weller, H.
24 h under M and then naturally cooled to the room temperature. Phys. Chem1994 98, 7665. (c) Peng, Z. A.; Peng, ¥. Am. Chem.
P . : I So0c.2001, 123 183.
Purification of 3-CD/CdSe andfj CD/CdSe—_CdS. Purification (15) (a) Gerion, D.- Pinaud, F. Williams, S. C.: Parak, W. J.; Zanchet, D.:
of -CD/CdSe andpB-CD/CdSe-CdS essentially followed our Weiss, S.; Alivisatos, A. PJ. Phys. Chem. 2001, 105, 8861. (b)
reported procedurg.In a typical workup, the volume of the reaction Qi, L. M.; Colfen, H.; Antonietti, M.Nano Lett.2001 1, 61. (c) Fan,

; i H.; Leve, E. W.; Scullin, C.; Gabaldon, J.; Tallant, D.; Bunge, S.;
mixture was reduged to 10 mL under the reduged pressure. This Boyle, T.- Wilson. M. C.: Brinker, C. JNano Lett 2005 5, 645. (d)
sample was centrifuged at 10 000 rpm for 8 min to remove any Mattoussi, H.: Mauro, J. M.: Goldman, E. R.: Anderson, G. P.: Sundar,
aggregates. The supernatant was dialyzed against a basic aqueous V. C.; Mikulec, F. V.; Bawendi, M. GJ. Am. Chem. So200Q 122,
12142. (e) Yang, H.; Holloway, P. H.; Santra,JSChem. Phy2004
121, 7421. (f) Li, Z. F.; Ruckenstein, BNano Lett 2004 4, 1463. (g)
(10) Rogach, A. L.; Nagesha, D.; Ostrander, J. W.; Giersig, M.; Kotov, N. Selvan, S. T.; Tan, T. T.; Ying, J. YAdv. Mater. 2005 17, 1620. (h)

A. Chem. Mater200Q 12, 2676. Medintz, I. L.; Uyeda, H. T.; Goldman, E. R.; Mattoussi, Nat.
(11) Palaniappan, K.; Hackney, S, A.; Liu,Ghem. Commur2004 2704. Mater. 2005 6, 435.
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Figure 2. Electronic absorption spectra (A) and fluorescence (B) of as-
prepared3-CD/CdSe (solid line) an#-CD/CdSe-CdS (dotted line) QDs
in aqueous media.

Figure 1. TEM and high-resulution TEM (inset) images @CD/CdSe- H20 H20 B

Cds.

Adapted from a Kotov et al.’s repolt,a one-pot approach
has been developed in this work for the preparatigf-6D/
CdSe andp-CD/CdSe-CdS QDs in aqueous solutions.
Briefly, to prepargs-CD/CdSe, a basic aqueous solution (pH l
= 9) containing cadmium perchlorate aN¢N-dimethylse- i ‘
lenourea in the presence of sodium citrate and n#SED 6 5 ppm 4 86 > ppm 4 8
was refluxed for several hours in a; Mtmosphere. The Figure 3. *H NMR of (A) free §-CD and (B)3-CD on CdSe-CdS QDs
formation of QDs was evidenced by the appearance of anj, oo
orange color in the reaction mixture. To prepare ewsiell
structureds-CD/CdSe-CdS, thioacetamide (as the sulfur shell over the CdSe cores, the luminescence intensity
source) was introduced in the reaction containing the CdSeincreases by six times, reaching to a 3.7% QY for as-prepared
core which was temporarily stabilized by sodium citrate. 3-CD/CdSe-CdS. A red shift in the band-edge emission
mSHA-CD was also introduced at this moment. The peak (579 nm, Figure 2B) is also observed in these-eore
formation of core-shell structured QDs after overnight shell structured QDs. The red shift in both the absorption
reaction at an elevated temperature {Z9 was envisioned  and the fluorescence emission of CdSe after CdS coating is
by the appearance of an orange/red color in the solution. probably resulted from the expansion of volume for the
The purification of these particles was achieved by using a exciton originally available only inside the CdSe core to the
dialysis approach reported from our previous wbrkhe CdS shell” Deposition of a CdS shell over the CdSe QDs
final products are oranggg{CD/CdSe) and orange/re@-(  passivates their surface defects, thus leading to the localiza-
CD/CdSe-CdS) powders. tion of photoexcited charge carriers in the CdSe ébihe
Figure 1 shows the typical TEM images @{CD/CdSe- strategy of growing an inorganic shell of material with a
CdS. By counting over 100 individual particles from their larger band gap around each semiconductor core has also
TEM images, the average particle sizesfe€D/CdSe and  been shown to improve the luminescence QY dramatically
B-CD/CdSe-CdS are 4.0+ 0.7 nm and 4.3+ 0.8 nm, in other CdSe systeni8.
respectively (Supporting Information). It is importantto note  As expected, these particles were very soluble in water
that the deposition of the CdS shells on the CdSe coreswhich is believed to be attributed to the presencg-aD
resulted in a uniform increase in their diameters. Every on the particle surfaces. Figure 3 shows the proton signals
examined particle revealed EDS signals both from S and of 3-CD before (Figure 3A) and after (Figure 3B) they
from Se. The continuity of the CdS shell was difficult to attached to the surface of CdS€dS QDs in DO. The result
establish from microscopy data because of the closeness obbtained in this study is very similar with our previous
the CdS and CdSe lattice constants. study!! A noticeable difference is that the extent of broaden-

The optical properties of these as-prepared QDs have beerind 0f proton signals of-CD is less in the current case as
investigated. While the absorption onsetbECD/CdSe in ~ compared with the ones from perthiolatgeCD on CdS
water is 522 nm, coating a shell of CdS on these particles QDS This discrepancy is believed to be the result of a
renderg3-CD/CdSe-CdS, which exhibits an absorption onset

; ot (17) Wang, Y.; Tang, Z.; Correa-Duarte, M. A.; Pastoriza-Santos, |.;
at 550 nm (Figure 2A). Irradiation (400 nm) GfCD/CdSe Giersig, M.; Kotov, N. A.; Liz-Marza, L. M. J. Phys. Chem. B004
generated two fluorescence bands, a band-edge emission (550 108 1546.

.) . p. ( Y . ) A.; Guyot-Sionnest, PJ. Phys. Chem1996 100, 468.
typical two-band emissions were also observed in other QD (19) (a) Danek, M.; Jensen, K. F.; Murray, C. B.: Bawendi, M.GBem.

systems® In comparison with that of rhodamine B, the QY I\C/Iater-_ 199A6 8|,: 173M(b& H&e“er,kC-TFI-E; A\I/I\?nt,)bK. AS.; Eéarc\il\,/ hA'£ JJ
: : el ampion, A.; Fox, M. A.; Mallouk, T. E.; Webber, S. E.; ite, J.
of the room-_temperature excitonic emission of _as-prepared M. J. Phys. Chen 992 96, 3812. (¢) Hines, M. A.. Guyot-Sionnest,
B-CD/CdSe is weak, about 0.65%. Upon deposition of a CdS P.J. Phys. Cheml996 100, 468. (d) Kortan, A. R.; Hull, R.; Opila,
R. L.; Bawendi, M. G.; Steigerwald, M. L.; Carroll, P. J.; Brus, L. E.
J. Am. Chem. S0d99Q 112, 1327. (e) Tian, Y.; Newton, T.; Kotov,
(16) Mahtab, R. H.; Murphy, C. J. Am. Chem. SoQ00Q 122 14. N. A,; Guldi, D. M.; Fendler, J. HJ. Phys. Cheml1996 100, 8927.
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50 Scheme 1. Ideal Model off-CD/CdSe-CdS
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Days ments evidenced that there was no aggregation in these

Figure 4. Enhancement of QY of-CD/CdSe (filled square) ang-CD/ solutions after 1 week of phototreatment. TRHeNMR study
CdSe-CdsS (empty square) under room light in pure water. further demonstrated th@CD still existed on the particle
difference in the nature of the surface attachmen-iD. §urface (Supportipg Information). To prevent the destab.iliza—
While perthiolated3-CD has seven thiol groups on each tion of these parucles. after. phototre.atméﬁlhe photoacu—.
molecule, only one thiol group exists on M$HED. vated QDs were obtained in the solid form by re-collecting

Attachment of perthiolate-CD on CdS QDs fixes not only these particles from their solutions under the reduced
this molecule on the particle surface but also its own PréSSuré. .
geometry. As a result, the surface-attached perthio34e® ~ Many water-soluble QDs have been prepared by introduc-
is more rigid as compared with its free form in solutions N9 & variety of _orge51n|c species, from small charged
which leads to the broadening of its proton signals. In the Molecules’to peptides?to their surfaces. A unique feature
current study, attachment of mSHED on the particle of theseﬂ-_CD-m_odlﬂed QDs is that the high solubility of
surface does prevents neither the free rotation of the molecule"€S€ particles in the water is not due to the presence of
along the SH group nor the flexibility of its structure. charged ligand on particle surfaces. Instead, the existence
Consequently, the broadening of proton signals is not ©f many hydroxyl groups of surface-attach@€D on each
significant. particle is the major contribution to its water solubility. The

A common problem encountered in using water-soluble, PCS measurements indicated that there is no aggregation
ligand-protected QDs for practical applications is their low OPserved in these receptor-modified QDs at pH values from
QY. Thus, we performed a photoactivation pro@ess 5 to 9 as well as at high ionic strength, for example, 0.2 M
on these as-prepared QDs. Exposing eitfe€D/CdSe during the fluorescence study. Thus, the covalent attachment
or B-CD/CdSe-CdS water solutions to the room light over ©f /-CD on these QDs leads to a robust and isolable
1 week under a sealed condition greatly enhanced thenNanomaterial which can be dissolved and then re-collected
quantum efficiency of these particles (Figure 4), from the TOmM water without losing its stability (Scheme 1). .
original 0.65% and 3.7% to 7.8% and 46.2% fleED/CdSe _ Although ligand-protected QDs have been used extensively
and -CD/CdSe-CdS, respectively. The enhancement of @S optical probgs/tags for various blolpglcal species, such
exciton emission of these QDs probably results from the 25 CellS;® proteinsi” and DNA?® reversible mediation of
water-2! and oxygef—QD interactions during the course fluorescence properties of QDs with small, neutral molecular
of phototreatment. The further phototreatment led to the SPECi€s has not been fully explored. Major approaches used
decrease in the fluorescence effeciency which might be due!© alter the fluorescence of QDs in previous reports were
to the photoionization of these QB$Thus, we monitored 23 @ Al 1 Lavelle N W Y e X Am. Chem. S

H . . . . a ana, J.; Lavelle, N.; ang, Y., Peng, X.Am. em. S0C

the electronic absorption of these partlc_:les durmg this 2005 127, 2496. (b) Kloepfer, J. A.: Bradforth. S. E.: Nadeau, J. L.
treatment. It was observed that the optical densities of J. Phys. Chem. B005,109, 9996.

; ; ; ; ; (24) (a) Kloepfer, J. A.; Bradforth, S. E.; Nadeau, JJLPhys. Chem. B
all Samp.les notlceab'ly decreased durlng .the |IIum|n§1t|on 2005 109 9996. (b) Jin, W. J.; Fernandez-Argueelles, M. T.; Costa-
(Supporting Information). It was also noticed that light Fernandez, J. M.; Pereiro, R.; Sanz-MedelOhem. Commur2005
treatment promoted spectral shifts toward shorter wave- ?:S?N (%nyczynks_k'il_-;C_;Macljlc_ka,k,lw'_afgly(w-_; FISJChB?f',DE-:gEam w.
lengths in both the absorption and the luminescence SPectra. o005 109 1088, o es S B e
This result is possibly due to the decrease in particle size (25) (a) Vu, T. Q.; Maddipati, R.; Blute, T. A.; Nehilla, B. J.; Nusblat, L.;

; ; i ; ; ; il 1 Desai, T. A.Nano Lett 2005 5, 603. (b) Lagerholm, B. C.; Wang,
during illumination. Phc_)t.oogldatlon of the thiol ligand and, M. Ernst, L. A Ly, D. H. Liu, H.. Bruchez, M. P.: Waggoner, A.
consequently, destabilization of ligand-protected QDs S.Nano Lett 2004 4, 2019. (c) Chen, F.; Gerion, INano Lett 2004
during the light treatment are also a conc&RCS measure- 3’0822271' (géscjlattas-ASfoav K. M.; Leblanc, R. Mhem. Commun
(26) (a) Osal’<i, F.; Kanamori, T.; Sando, S.; Sera, T.; Aoyamal. YAm.

(20) (a) Wang, Y.; Tang, Z.; Correa-Duarte, M. A; Liz-Manzd.. M.; Chem. Soc2004 126, 6520. (b) Santra, S.; Yang, H.; Holloway, P.
Kotov, N. A. J. Am. Chem. So2003 125 2830. (b) Bol, A. A,; H.; Stanley, J. T.; Mericle, R. Al. Am. Chem. So2005 127, 1656.
Meijerink, A. J. Phys. Chem. BR001, 105 10203. (c) Manna, L.; (c) Pinaud, F.; King, D.; Moore, H.-P.; Weiss, &.Am. Chem. Soc.
Scher, E. C.; Li, L.-S.; Alivisatos, A. PJ. Am. Chem. So2002 2004 126 6115.

124, 7136. (d) Cordero, S. R.; Carson, P. J.; Estabrook, R. A.; Strouse, (27) (a) Chen, Y.; Ji, T.; Rosenzweig, Rlano Lett.2003 3, 581. (b)
G. F.; Buratto, S. KJ. Phys. Chem. B00Q 104, 12137. (e) Jones, Willard, D. M.; Carillo, L. L.; Jung, J.; Van Orden, ANano Lett.
M.; Nedeljkovic, J.; Ellingson, R. J.; Nozik, A. J.; Rumbles, &. 2001, 1, 469.

Phys. Chem. R003 107, 11346. (28) (a) Pathak, S.; Choi, S.-K.; Arnheim, N.; Thompson, M.JJEAm.

(21) Cordero, S. R.; Carson, P. J.; Estabrook, R. A.; Strouse, G. F.; Buratto, Chem. Soc2001, 123 4103. (b) Artemyev, M.; Kisiel, D.; Abmiotko,
S. K. J. Phys. Chem. BR00Q 104,12137. S.; Antipina, M. N.; Khomutov, G. B.; Kislov, V. V.; Rakhnyanskaya,

(22) Aldana, J.; Wang, Y. A.; Peng, 3. Am. Chem. So2001 123 8844. A. A. J. Am. Chem. So2004 126, 10594.
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[ ) N [ 5 enhancement in the sensitivity is attributed to the higher QY
s [ 2 of these QDs and is very valuable for the development of
[ 3 QD-based fluorescence sensors. Thus, the major goal of this
3| i work has been reached.
"E» [ ‘E, [ Then, we extended our investigation to other redox-active
£ [ 2t 1 species. Quinones are a class of compounds that have
5 f widespread importance in biology and chemistry. Quinone
[ - derivatives are active in cellular respirati¥hh,photo-
L i synthesis? and blood coagulatiof? In this sense, probing
450 B0 60 750 450 550 550 750 these redox-active species in aqueous media is of great
Wavelength, nm Wavelength, nm importance. In this work we found that, in contrast to the
Figure 5. (lines A1 and B1) Fluorescence ${CD/CdSe-CdS (0.5 mg/ ferrocene derivatives, benzoquinone (BQ, Chart 1) acted as
mL) in the aqueous solution; (line ABCD/CdSe-CdS+ FC (0.24 mM); a fluorescence enhancer (Figure 5B). The fluorescence
g'gg fgg'(co?l/(ﬁaﬂﬁﬂgE;g_g&géé:yg'sgngg%%ﬁ'?n%cﬂslfé emission of 3-CD/CdSe-CdS increased almost onefold
(0.23 mM). (Figure 5B, line 1 to line 2) in the presence of 0.1 mM of

BQ. Introduction of 0.23 mM FC reduced the fluorescence
the direct physical adsorption or chelation of metal ions on intensity back to its original one. The effective competition
their surface$3*?°In these studies, fluorescence of these QDs of FC with BQ for the availability of3-CD on the QD
are usually quenched in the presence of these ionic speciessurfaces replaced some BQ in the cavity of surface-anchored
Addition of amine derivatives in QD solutions enhanced the 3-CD with this molecule. Consequently, the resulted fluo-
fluorescence emission of these particleBut, these inves-  rescence of these QDs was balanced between the enhanc-
tigations were performed in the organic media. Physical ing and the quenching process exerted by two different
adsorption of these electron donors on particle surfaces isspecies.
believed to be the major mechanism for the increase in the The nature of such enhancement of these water-soluble
fluorescence QY. QDs by the presence of BQ is not very clear at this moment.

In this work, we report, for the first time, that the Considering that BQ is a redox-active species, the relation-
fluorescence of these receptor-modified QDs can be revers-ship between the redox potential of this molecule and the
ibly tuned in two directions, either enhancement or quench- valence band edge of CdSe may play a crucial role in this
ing, depending on the selection of the substrate. In a previousproces$’2 In this sense, tuning the valence band of CdSe
work, we reported that ferrocene derivatives were the by changing its particle size for the investigation of the-BQ
efficient quencher after they were complexed witeD on CdSe interaction may provide some useful information to
B-CD-modified CdS QDs in agueous meéitale concluded answer this question.
that the fluorescence quench in this study was not due to
the direct physical adsorption of these substrates with a Conclusion
specific functional group. Instead, the nature of the ferrocene,
being a redox-active moiety in three ferrocene derivatives, In this paper, we report the preparation and characterization
could play a key role in the interaction with CdS QDs leading Of the first water-soluble, CD-modified CdS€dS core-
to the fluorescence quenching. Such phenomenon was als§hell structured QDs. Up to 46% QY of these particles in
observed in the current study. Addition of 0.23 mM of FC aqueous media has been achieved upon the photoactivation
(Chart 1) in thg3-CD/CdSe-CdS aqueous solution resulted under room light. In addition, these receptor-modified
in the decrease in the fluorescence of these particle to thenanoentities are very stable in a wide pH range and at high
half of their original one (Figure 5). But, introduction of 1  ionic strength. The surface-attach@eCD still retains its
mM AD (Chart 1), being an excellent guest f8¢CD, in capability of engaging hostguest complexation on QDs.
this solution led to the partial recovery of the fluorescence More interestingly, the fluorescence of these CD-modified
emission of3-CD/CdSe-CdS. As such, complexation in- QDs can be tuned in two directions, either quenching or
duced mediation of the fluorescence change of the QDs was€nhancing, by introducing selected organic species in their
also demonstrated in this system. It should be noted that thedqueous solutions. In addition to quinone reported in this
QDs prepared in this work are more sensitive in their Work, we are currently studying other molecular cofactors,
fluorescence Change toward the same Substra‘[e, such a§UCh as reduced nicotinamide adenine dinucleotide and
ferrocene derivatives, as compared with those from our adenosine ‘striphosphate by using these QDs in aqueous
previous report! For examplef-CD/CdSe-CdS is 10 times ~ media. We hope that these highly quantum efficient, water-
more sensitive thafi-CD/CdS prepared in the last report to
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soluble receptor-modified QDs can serve as an active Supporting Information Available: Size distribution of3-CD/
component in the construction of QD-based hybrid nano- CdSe ang3-CD/CdSe-CdS QDs,'H NMR of -CD/CdSe-CdS
materials for practical applications, such as clinical diagnosis after photoactivation, and electronic absorption spectrd-GD/
and solar energy conversion. CdSe ang-CD/CdSe-CdS during the photoactivation (PDF). This
material is available free of charge via the Internet at http://
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