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Abstract: The successful extractions of ZnMnSe as well as ZnSe quantum dots (QDs) from a reverse micelle template were reported. The recovered QDs kept their functionality with distinct enhancement in photoluminescence.
After being coated with a possible layer of Zn( OH) 2 within the template, the QDs were extracted from the template
by adding water to induce phase transition and employing specific organic solvent. Thereafter, the extracted QDs
were capped with mercapto-undecanoic acid for dispersion in water to render crystal clear solution. Analytical techniques such as X-ray diffraction, transmission electron microscopy, dynamic light scattering, and fluorometer were
employed to characterize the crystal structure, morphology, average particle size, and photoluminescence of the
samples. The mechanism of the surface protection towards QDs was investigated and discussed. A mechanism was
proposed as block copolymer molecular being adsorbed to the QDs surface that retards the oxidation process of QDs
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during the extraction. Consequently, the extracted QDs demonstrated invariable photoluminescence and consistent
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stability for months.
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reported [9J to dope transition metal ions into II-VI QDs at the

nificant attention for their potential in tuning the emission wave-

room temperature. The surfactant is a triblock copolymer, quite

length to a longer one than the corresponding bulk gap emis-

different from regular surfactant. This surfactant can form rich

Doped QDs could be useful as multi -color tags for bio4

logical imaging [

polymorphism under room temperature.

This

easily scale-up

process employs less expensive chemicals compared with hot injection technique. The stabilization mechanism on recovery and

ur

Moreover, magne-

to-optical QDs could be developed for spintronic applications.

J

and sensing

application [5 J •

na

sion [1-3 J.

l.s

QDs with doped ions of transition metals have attracted sig-

surface treatment process were investigated according to the results from equipment analyses. A procedure was developed to ex-

recovery of QDs from the templates and appropriate protection

tract QDs from reverse micelle template. The ability to transform

//

plications. Ultimately, the removed QDs were capped with func-

tp

reverse micelle template.
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A reverse micelle-based synthesis technique were previously
1&~ EM:

QDs from hydrophobic to hydrophilic is essential for any bio-ap-

:

through surface modification to avoid oxidation, especially from

jo

There have been tremendous reports [6-8 J on the synthesis. Nevertheless, further application of the materials requires successful

tional hydrophilic ligands and stabilized in aqueous solution.
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corded in the range of 350

1

Experiments

#"oJ

625 nm. Transmission electron mi-

croscopy (TEM, JEOL 3010) was employed to characterize the
morphology of the QDs. Dynamic light scattering was performed
to estimate the size of dispersed phase in water using a model

All chemicals were of analytical grade and used as received.

1. 1

Recovery of QDs

Model 127 Stabilite Helium-Neon Laser (Spectra-Physics lasers

Following our reported synthesis[9 J, the QDs were extracted

Co.) with a ALV/SO-SIPD small outline single photon detector
operating at an angle of 90°.

from the template and rendered water dispersible. The procedure
depicted below is applicable to QDs from reverse micelle as well

2

as liquid crystal template.

Results and Discussions

The reverse micelle was fully mixed with certain volume of
nanopure water to render phase separation.

2. 1

Subsequently, the

TEM images

mixture was centrifuged and separated into three distinct phases.

TEM image in Fig 1 ( a) shows average SIze of ZnSe QDs

Under illumination of UV-lamp as well as photoluminescence

about 3 nm, consistent with 2. 7 nm estimated from our reported

( PL) scans, only the thin middle white gel-like layer contained

formula [11 J. The image of the nanoparticles was blurred due to

QDs.

the surrounding block copolymer. After extraction from the tem-

The type and ratio of solvent is essential for successful

recovery of QDs from the template. Two solvents, named solvent

plate, the QDs were well dispersed in water without agglomera-

A and solvent B, were compared in this study. The extraction

tion as seen in Fig 1 ( b). The samples in both figures were pre-

results revealed that solvent A performed better than solvent B.

pared from Zn ( AcO) 2 precursor of O. 1 moVL.

The solvent A was employed for extraction of QDs from 2 mL of
reverse micelle. The dispersion was centrifuged to acquire the
deposit of QDs.

Eventually, the supernatant was decanted and

deposit was transferred to a glass vial for subsequent surface
modification.

1. 2

Surface passivation and modification of QDs
An aliquot of the sample was taken out for surface coating.
1. 5 moVL Zn ( AcO ) 2 solution was

n

The details are as follows:

Fig. 1

overnight. As expected, a layer of zinc hydroxide was formed

( b) In water, passivated

du

( a) In microemulsion

Subsequently, the mixture was magnetic stirred

TEM images of ZnSe QDs

1111 ZnSe ~ T ,~ ~ TEM III
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the template.

.c

added to the microemulsion. The amount of Zn ( AcO ) 2 ranged
from 16% to 100% as compared to the precursor zinc acetate in

around each QDs. Through the surface passivation procedure, a
layer of possibly Zn ( OH) 2 was coated around the QDs before

The extracted ZnSe: Mn QDs self assembled into nanowires

extraction from the reverse micelle template.

as seen from Fig 2.

O. 45 moVL with x

defects on surface of QDs and retard the oxidation of QDs in the

Precursor concentration of Zn ( AcO) 2 was

= O. 1.

l.s

The main purpose of the surface passivation is to amend the

A plausible explanation is that the

na

triblock copolymer macromolecular adsorbed to the QD surface
and induced self assembly of the extracted QDs. This observation

in nature. Consequently, the surface modification is essential to

explains why QDs in this case could be stable over extended

ur

air. The extracted compound semiconductor QDs is hydrophobic

render water dispersibility for potential application as biotagging.

period of time even in the atmosphere.

A reported procedure[lOJ was modified. The recovered QDs were

triblock copolymer molecules, QDs could be recovered from the

dispersed in nanopure water to obtain 2 mL of aqueous solution.

template with minimum oxidation.

Characterizations

jo
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1. 3

With the protection of

Fig 3 ( a) and Fig 3 ( b) show the images of the water-dis-

=

persed ZnMnSe (precursor concentration of Zn ( AcO) 2 was O. 45

:

X-ray diffraction (XRD, X-pert B523-Banalytical, A

tp

O. 154 nm, CuK irradiation) was performed to obtain the crystal

ht

structure of the QDs. The photoluminescence was recorded by a

spectrofluorometer (Fluorolog 3, Jobin Yvon, Horiba ) equipped

moVL with x

= O. 1.

) without and with surface passivation re-

spectively. The average diameters of the dispersed phase in both
figures are in the range of 24

#"oJ

28 nm. There was a circle layer

with Xenon lamp. The measured sample, held in a 12 mm boro-

around the QDs. This outer layer was speculated to contribute to

silicate culture tube was excited at 320 nm. The spectra were re-

unreacted Mn ( AcO) 2 and leftover block copolymer. Since organic

43
was not proportional to the Mn

2

+

concentration in the precursor

solution. Besides, it was also confirmed that MnSe compound
could not be formed under the synthesis condition in this investi2
+ could be

gation. It was therefore postulated that the free Mn

adsorbed on the surface of the polymer to form an inorganic/organic hybrid layer surrounding the QDs. The mechanism is still
under further investigation.

Fig. 2

TEM image of recovered ZnMnSe QDs
before dispersed in water

1112

1~IJX ZnMnSe ~T,~~~T7.t<1W~ TEM

III

or macromolecular materials are nearly transparent under the high
voltage electronic bombard, the block copolymer and MUA
molecules appear invisible under TEM.

The length of one MUA

molecular was estimated by adding the lengths of all covalent
Assuming linear morphology,

we

molecular length of MUA as about 1. 9 nm.

Fig. 4

could obtain the

at higher magnitude

Accordingly, the

1114 QDs 1113 (b) "Bi:k TEM III

diameter of the dispersed phase in water should be about 28 ,. ., 32
nm. Further DLS measurements determined the average size of

2. 2

the dispersed phase in water as ,..., 35 nm with a relatively narrow
size distribution. This small discrepancy between estimated and

QDs are plotted in Fig 5.

The patterns present three fingerprint

peaks at 27°, 46°, and 53°, matching the standard peaks cor-

dispersed phase as well as the MUA molecules conjugated sur-

J, [ 220 J,

responding to diffraction angles from the [111

Moreover, MUA has

n

.c

veals that the QDs extracted from the template keep the original

For TEM analysis, samples were dried

crystalline phase. The QD size of ZnMnSe calculated by Debye-

to get rid of water within the dispersed phase. This loss of water

Scherer formula,

led to a decrease in size of the dispersed size[12 J as shown in Fig 3.

,..., 2. 2 nm, from [220 ] plane in the diffraction

zu
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pattern agrees well with the results by TEM pictures.
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Fig 4 reveals an evident inorganic layer circling around the
ZnMnSe QD with probable block copolymer interspaces.

40

50
2fJ/(o)

60

(b) ZnMnSe

This

inorganic layer was not observed for undoped ZnSe QDs as seen in
Fig 1 ( b). We have previously reported [9J that the doped Mn2+

and

[ 311 ] planes of cubic (zinc blend) ZnSe. This observation re-

its own spatial conformation leading to molecular length shorter
than that of a linear one.

Characterization by XRD patterns
The XRD diffraction patterns of extracted ZnSe and ZnMnSe

measured size might be from the impact of solvent within the

rounding the water-dispersed QD surface.

TEM picture of QDs in Fig 3 ( b )

du

bonds.

Fig. 5 X-ray diffraction patterns of QDs
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2. 3

PL spectra

The QDs can be successfully recovered by phase separation

To passivate the surface of QDs directly in the template is a

of the reverse micelle. The composition change in the template

feasible procedure to increase the stability of the QDs for better

enabled the mixture to move to two-phase area in phase diagram.

recovery. The passivated sample together with the control sample

Most of the p-xylene solvent and part of the Pluronic PI05 surfac-

was measured for PL with spectra presented in Fig 6 ( a). Precur-

tant can then be partially cleaned from the nanoparticle layer by

= O. 1,

aged

washing carefully with solvent A. The spectra in Fig 7 compare

for 7 days. Since the added Zn ( AcO) 2 was concentrated and in

the PL of the prepared QDs with that of the sample dispersed in

sor concentration of Zn ( AcO) 2 was O. 45 M with x

very small volume as compared to the reaction volume, the mi-

water. There is a remarkable increase in the PL intensity after re-

croemulsion was still stable and no phase separation was ob-

covery of both ZnSe (Fig. 7 (a) ). The increase in PL of the ex-

served. The coating process took overnight. Both samples in the

tracted QDs could be probably due to the surface modification of

figure are from the same batch of product. The spectrum with bar

the ligand conjugation. This surface modification could eliminate

symbol is the coated sample. Fig 6 ( a) shows no obvious shift of

potential surface defects and therefore stabilize the QDs.

the ZnSe PL peak under surface passivation from concentrated Zn

reason for this increase in spectra intensity could be possibly con-

( AcO) 2 • Furthermore, the coated ZnMnSe shows enhanced PL

tributed to the dilution effect on the photoluminescence of ZnSe

intensity over time, see Fig 6 ( b ). This significant increase in

quantum dots [9 ] . The optimal particle concentration yielding the

the PL suggests the stabilization of the surface of the QDs.

maximum emission intensity increases as the particle size decrea-

It is

speculated that the added Zn ( AcO) 2 became diluted within the

ses.

water pool in the microemulsion and reacts on the surface of the

in similar systems .

This observation should be applicable to recover other QDs
2

plate. The QDs dispersed in water showed similar distinct in-

This distinct enhancement in the band-edge PL intensity originates

creasement in the photoluminescence intensity, see Mn

from the remarkable reduction of nonradiative recombination
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to surface defects of QDs [13 ] •
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QDs in Fig 7 ( b) .

processes, which usually result in a very short decay time, due

cd

For example, we also recovered doped

2

( Mn + and Cu +) quantum dots from the reverse micelle tem-

existing QDs to form a layer of Zn ( OR) 2 surrounding the NPs.
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Fig.7

PL spectra of extracted QDs dispersed

in water compared with a prepared sample
1117_~_~*~~B~~~~~~**_
Ultimately, preliminary investigation on electrophoresis was
performed on ZnSe QDs conjugated with DNA molecules as well

45
as compared with that of free DNA and free ZnSe QDs dispersed

[JJ. Materials Review, 2010, 24(2): 51-55.

in water (not shown). Free DNA swam the fastest in the electro-

nese)

phoresis. The conjugated DNA was slow in swimming with much

(in Chi-

[ 4 J Norris D J, Efros A L, Erwin S C, Doped nanocrystals

stronger photoluminescence detected. Consequently, this above

[JJ. Science, 2009, 319(5871): 1776-1779.

mentioned surface modification and recovery process is an effec-

[5 J Wood V, Halpert Jonathan E, Panzer Matthew J, et al.

tive way to obtain stable and water dispersible ZnSe QDs for prac-

Alternating current driven electroluminescence from ZnSel

tical application.

ZnS: Mn/ZnS nanocrystals [J J.

Nano Letters, 2009, 9

(6): 2367-2371.

Conclusions

[ 6 J CHEN Ding-an, Viswanatha R, Ong G L, et al. Temperature
Dependence of "Elementary Processes" in Doping Semicon-

ZnMnSe QDs were successfully recovered from a reverse mi-

ductor Nanocrystals [J J. Journal of the American Chemi-

celle template consisting of p-xylene, water, and a triblock co-

cal Society. 2009, 131 (26): 9333-9339.

prior

[ 7 J Hines M A, Guyot-Sionnest P. Synthesis and characteriza-

to extraction to amend potential surface defects and prevent possi-

tion of strongly luminescing ZnS-capped CdSe nanocrystals

ble oxidation. The passivated QDs showed distinct increase in PL

[ J J.

polymer. Surface of the QDs was passivated with Zn( OH)

2

with no evident shift. The QD extraction from the template was

The Journal of Physical Chemistry C. 1996, 100:

468-471.

performed by adding water and inducing phase transition. TEM

[8 J XIE Ren-guo, PENG Xiao-gang. Synthesis of Cu-Doped

analysis suggested that recovered QDs were surrounded by a layer

InP Nanocrystals (d-dots) with ZnSe Diffusion Barrier as

of block copolymer as well as undoped Mn2 ". The extracted QDs

Efficient and Color-Tunable NIR Emitters.

Journal of the

were subsequently capped with mercapto-undecanoic acid or di-

American Chemical Society. 2009, 131 (30): 10645 -

hydrolipoic acid and dispersed in water to render crystal clear so-

10651.

lution. Analytical techniques such as XRD, TEM, DLS, and

[9 J Heckler T, QIU Qi , WANG Jun, et al. Synthesis, ex-

fluorometer were employed for characterization. The extracted

traction and surface modification of (Zn, Mn ) Se nanocrystals using microemulsions as templates [C J I INano
Science and Technology Institute NSTI. Materials, Fabrica-

cles from other forms of template (such as liquid crystal tem-

tion, Particles, and Characterization-Technical Proceedings

plate) and to keep their functionality.

of the 2008 NSTI Nanotechnology Conference & Trade

In conclusion, the tech-

nology has the potential for practical application of the QDs in numerous areas, such as biotagging, spintronics, and etc.
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Show, Boston (USA), 2008: 722-724.
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QDs demonstrated invariable emission spectra and consistent stability for months. This process is applicable to extract nanoparti-

[10 J WANG Jun.

Synthesis, functionalization, and biological
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