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A simple fabrication of two-dimensional zinc sulfide colloidal arrays
with the assistance of a multihydroxy polymer is described, which
can potentially be utilized in different technological fields, such as
biosensor and electrooptical devices as well as a platform for
studies of energy transfer between colloidal particles.

we report a simple fabrication of 2D self-assembly of ZnS
microsphere arrays via the vertical deposition technique. The
role of mono- and multihydroxy-containing compounds in
the self-assembly procedure has been studied using ethanol
and poly(ethylene glycol) (PEG).

ZnS, being one of the most important wide-band-gap

II-VI semiconductor materials, has been extensively studied
Materials with two-dimensional (2D) arrays have aroused because of its valuable properties, such as photoluminescence
great interest because of their unique importance in the fields(PL), electroluminescence, and photocatalytic propetfies.
of creation of integrated circuits, information storage devices, Therefore, fabrication of 2D ZnS arrays with a simple, low-
miniaturized sensors, light-harvesting structures, thin-film- cost procedure will greatly promote its application in various
display devices, ettVarious methods have been developed fields, such as photon crystals, sensing materials, optical and
to generate 2D arrays, including utilization of a colloidal electrooptical devices, and so on.
assembly mechanisfrinterference lithograph§/combination The conventional “top-down” process becomes more
of electron-beam lithography and electrochemical deposition gtficult and expensive as the size of the device features de-
techniques, combination of self-assembly and the sgel  ¢rease. As an alternative strategy, the *bottom-up” approach
techniqué,the ion-implantation techniquehe serial electron-  pased on 2D and three-dimensional (3D) self-assembly
beam techniquéthe electron-beam lithography technidue, processes provides a robust solution to this challenge.
and so forth. Here, we report a simple fabrication of 2D Nymerous methods for preparing 2D and 3D colloidal self-
arrays of zinc sulfide (ZnS) microspheres synthesized with gssembly have been reported, such as self-assembly on
a biomolecule-assisted method. The material offers an prepatterned substratésr in the presence of various external
approach to creating arrays of luminescent ZnS semiconduc-e|ds 12 However, the most promising approach is probably
tor. In our previous studyye have successfully synthesized  the vertical deposition techniqéThis approach involves
through biomolecule assistance the monodisperse wurtziteginping vertically a substrate (such as a glass plate) into a
ZnS microspheres at a relatively low temperature. Herein, syspension of colloidal spheres, and the ordered 2D and 3D
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colloidal crystals can be deposited on the substrate because (002)
of evaporation of the solvent. The colloidal particles are
driven together by a convective transport induced by solvent
evaporation and self-assembled into ordered close-packed
structures derived from, to the most extent, the attractive
capillary forces* The thickness of the film ranging from
10 to 50 layers prepared via the vertical deposition method
can be controlled through adjustment of the volume fraction
and size of the colloids in a single dippify.

In a typical synthesis of ZnS microsphefeglutathione
(0.250 g, biochemical grade,98%) was added to a solution
of ZnCl, (0.074 g dissolved in 35 mL of deionized water)
with stirring, and then ethylenediamine (en; ca. 5 mL,
analytical grade) was added to the mixture and stirred for
15 min. The resulting solution was transferred to and sealed
in a Teflon-lined autoclave and heated to 2for 10 h,
and ZnS microspheres were obtained. After preparation of

the ZnS arrays via the vertical deposition methédhe 1 20 30 40 50 60 70 80 90

microslides were soaked overnight in a chrossalfuric 26/degree

acid cleaning solution, rinsed with ultrapure water, and dried Figure 1-d _ XRIID pa}temSS:? §a) mfzg;)gisr)ersle ZnS miclr,?jSp?Ee)res with an d
. H H average diameter or ca. nm; are-glass microslide; (C) as-prepare
in a_strea_m of argon. A cleaned n_nc_:roshde was then placed; self-assembly arrays formed on a glass microslide.

vertically into a plastic tube containing a 0.5% PB®@®,(=

3350, Sigma Corp.) suspension of monodisperse ZnS mi-was used as the solvent. It is clear that ZnS microspheres
crosphere colloids with an average diameter of 377 nm at agre coagulated into close-packed clusters at different scales
concentration of 0.5 mg/mL. The tube was then placed into and form the discrete monolayer structure on the substrate.
a vibration-free beaker at room temperature @7 °C). It was reported that the self-assembly procedure was
The as-prepared microsphere colloidal array was studied by ytected by several factors, including the colloidal size,
X-ray dlffrac.tlon (XRD), scanning electron microscopy \ojume fraction, relative humidity, evaporation temperature,
(SEM), atomic force microscopy (AFM), and PL. and final drying conditiond®6 In the present study, the
The as-prepared colloidal array was characterized by XRD. grgered 2D colloidal arrays were not formed probably
Figure 1 presents the XRD patterns of ZnS microspheres,pecause of the low volume fraction, although clusters
the bare-glass microslide, and the as-prepared ZnS arraygonsisting of close-packed colloids at different scales were
on the substrate, respectively. Figure 1c shows a stronggpserved in Figure 2b. In the case of PEG, the multihydroxy-
diffraction peak at 28.5and two weak peaks at 47.8nd  containing compound can function as a stabilizer, coating
56.4, corresponding to the (002), (110), and (112) planes the colloidal surfaces, which prevents the formation of close-
of hexagonal wurtzite-type ZnS, respectively (JCPDS Card packed structures. On the other hand, the larger viscosity of
No. 36-1450). The strong diffraction peak at8dattributed  {he PEG solution than that of the ethanol solution decreases

to the glass substrate background. This result confirms thatie sediment rate induced by gravity, which favored the self-
the self-assembly arrays consist of monodisperse ZnS mi-assemply procedure.

crospheres.

i ] ] The AFM examination also shows a homogeneous surface
A typical SEM image of the as-prepared ZnS arrays is

el X of ZnS microsphere array self-assembled in a PEG suspen-
shown in Figure 2a. The image clearly shows that the ZnS gjon (Figure 3). Notably, slightly higher microspheres are
microsphere arrays (ca. 2an x 14 um in area) are rela-  gpserved in some positions that may be due to the formation
tively homogeneous and the microspheres are in an orderedys 5 peG ultrathin monolayer on the substrite.
arrangement. To study the role of multihydroxy-contz_aining There is no doubt that the environment surrounded by
PEG In the self-assembly procedure, we also deposited thecoIIoids will profoundly affect their optical characteristics.

glass r:N '(tjh ki sar;n(.a _condtﬂon Txlg.e pt rezpt:acrllng Ptlf]G SWEItI\r/]I For example, particleparticle interactions resulting from the
rmononydroxy-containing ethanol. Figure 2b shows the different packing densities may affect the optical properties.

image of the as-prepared monolayer structure when ethanOITherefore, the PL property of the as-prepared 2D ZnS
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Figure 2. SEM images of self-assembly 2D ZnS arrays formed on a glass microslide in different solvents: (a) ZnS suspended in a 0.5% PEG aqueous
solution; (b) ZnS suspended in ethanol.

yio-0 800.0 energy transfer from the low energy level to the high energy
level and electrons in semiconductor transfer from the
valence band to the conduction band, which accounts for
the PL band red shift. The PL peaks of ZnS microsphere
arrays have been observed to shift to lower energies (red
0.0 rm shift) compared with the PL peaks of ZnS microspheres
dispersed in solution because of dipetipole interdot
interactions? It is interesting that the PL property of an as-
prepared 2D ZnS array is very similar to that of an aqueous
solution? However, the interaction among the ZnS micro-
spheres in solution is weaker than that among the solid-state
. 2D ZnS arrays, which causes less red shifting in the solution
0.0 compared with that in the solid-state 2D array. Also, the
interaction among the particles in the solution is weaker than
that in the solid state, which causes red-shift decrement in
the solution compared with that in the solid st&teA

7.5 400.0 nm

Figure 3. AFM image of self-assembly 2D ZnS arrays formed on a glass
microslide in a 0.5% PEG aqueous solution.

a1y =260 M phenomenon similar to that in the maxima in the emission
251 o 1y =270 spectra of 2D CdSe/ZnS quantum dot arrays corresponding
4 =280 to the emission peaks of the quantum dots in the solution
20 o hey=290m was also observed by Pacifico and co-workérdowever,
=300 0 it is apparent that 2D ZnS microsphere arrays are more useful
than ZnS particles in the solution for use as building block

materials in optoelectronic devices.

In summary, the results presented in this Communication
providing a simple and template-free fabrication approach
of 2D ZnS colloidal arrays may find uses as biosensor and
electrooptical devices as well as a platform for studies of
energy transfer between colloidal particles.
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