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Zinc glycerolate, Zn(gly), is prepared via a polyol-mediated synthesis with platelet-like morphology.
These platelets exhibit diameters of 10-15 pwm and a thickness of 100-300 nm. Via controlled thermal
decomposition at 500-600 °C as-prepared Zn(gly) can be reacted to ZnO with the platelet-like morphol-
ogy maintained. The loss of the spacious (gly)-ligand is accompanied by a granulated sub-structure of the
ZnO platelets that now exhibit lots of pores. By controlled thermal decomposition, moreover, the porosity

of the granulated ZnO platelets can be adjusted with specific surfaces of 5-18 m? g~ and pore volumes of
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25-230mm? g-!. Particle size, morphology and composition of Zn(gly) and ZnO are validated by electron
microscopy, X-ray powder diffraction, infrared spectroscopy, thermogravimetry and nitrogen sorption

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Nanostructured zinc oxide is highly relevant to applications
such as UV-protection and sunblocking [ 1], catalysis/photocatalysis
[2], dye-sensitized solar cells [3] and transparent oxide conductors
[4]. Its synthesis has been performed by various gas- and liquid-
phase methods that are summarized in several recent reviews
[5-8]. In fact, nanostructured ZnO can be precisely adjusted in size
all over the complete nanoscale range (i.e. 1-100 nm) by selecting
a suitable method of preparation. Due to the hexagonal symmetry
of the ZnO lattice [9], most often rod-like particles and structures
are gained [10,11]. Non-isotropic morphologies such as platelets
are less often observed although they could be highly relevant for
thin-films that exhibit an oriented reflection of light or a directed
electrical conductivity. Such platelet-like ZnO has been yet gained
by physicochemical techniques such as electrochemical deposition
[12], radio-frequency sputtering [13], ultrasonic spray pyrolysis
[14] as well as by applying long-chained amines/carboxylates for a
structure-directed growth in solution [15-17].

Amongst the methods to prepare high-quality ZnO nanoparti-
cles, the so-called polyol method is widely applied, too [18,19].
Typically, zinc acetate dihydrate is hydrolyzed by heating in a
multivalent, high-boiling alcohol - named “polyol” - such as
1,4-butandiol or diethylene glycol. Nowadays, the polyol method
represents a standard synthesis with various compounds that
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are accessible as monodisperse, non-agglomerated and crystalline
nanoparticles [20,21]. Although the polyol method is quite ben-
eficial with concern to the formation of ZnO nanoparticles, it is
well-known that the synthesis fails if glycerol is applied as the
polyol. In such a case large crystals of zinc glycerolate (Zn(gly))
are obtained as the only product [22]. On the nanoscale, Zn(gly)
has been just obtained with spherical particles via microemulsion
approaches [23-25].

In this study, Zn(gly) platelets were prepared via the polyol
approach. By a suited thermal treatment the as-prepared Zn(gly)
was decomposed to ZnO with the platelet-like morphology still
remaining. Based on the concrete conditions of thermal decompo-
sition, the porosity and surface of the ZnO platelets can be adjusted.
Such porous ZnO platelets are here first observed.

2. Experimental
2.1. Synthesis of zinc glycerolate

As a typical recipe, 2.00 g zinc acetate dihydrate (9.1 mmol, 99%, Acros Organ-
ics), 50 ml glycerol (99+ %, Acros Organics) and 1 ml of distilled water were added
into a 100 ml flask under Argon flow. The resulting solution was heated to 160°C
and refluxed for 1 h under moderate stirring. After natural cooling to room temper-
ature, the colorless precipitate was collected via centrifugation at 25,000 rpm for
20 min. Thereafter the solid residue was washed three times by resuspension in and
centrifugation from ethanol. Finally, Zn(gly) was dried at 80°C for 60 min.

2.2. Thermal decomposition of as-prepared Zn(gly)

50 mg of as-prepared Zn(gly) was heated with different thermal procedures as
listed in Table 1. Heating was performed in tube furnaces (HTM Reetz LOBA 1200)
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Table 1
Experimental conditions of thermal decomposition of as-prepared Zn(gly) platelets and resulting specific surface (BET) and pore volume (BJH) of ZnO.
Sample Heating rate,°Ch~! Max. Duration at Trax, Specific surface Pore volume
temperature,°C min (BET), m?>g! (BJH), mm3 g!
Zn(gly) - - - 22 149
ZnO (fast) oo? 600 30 52 29.1
ZnO (medium) 60 500 30 17.6 2322
ZnO (slow) 10 (20— 300°C)5 (300 — 500°C) 500 30 59 24.6

3 Sample was introduced into the hot oven at 600 °C and removed after 30 min.

and performed via programmed temperature control. All powder samples were
deposited in alumina crucibles.

2.3. Analytical characterization

The morphology of Zn(gly) and ZnO was characterized by a Supra 40 VP scan-
ning electron microscope (SEM) from Zeiss. Fourier-transformed infrared spectra
(FT-IR) of the samples were recorded applying KBr tablets by a Vertex 70 FT-IR
spectrometer from Bruker Optics. Every tablet contained 1.5 mg of the sample and
300 mg of KBr (FT-IR grade). Crystallinity and purity of powder samples were val-
idated based on X-ray diffraction pattern that were recorded on a Stoe Stadi-P
X-ray diffractometer with Ge-monochromatized Cu-Ka radiation (XRD, A = 154 pm).
Thermogravimetry (TG) was performed with a STA 409C instrument from Netzsch.
The Brunauer-Emmett-Teller (BET) surface of the samples was determined from
nitrogen sorption measurements using a Belsorp Mini Il apparatus from BEL.

3. Result and discussion
3.1. Synthesis and characterization of Zn(gly) platelets

Zn(gly) platelets were obtained via the polyol-mediated syn-
thesis utilizing a solution of Zn(Ac),-2H,0 in glycerol (gly) that
was heated to 160°C. At about 120°C the solution became turbid
which indicates the precipitation of solid Zn(gly). When naturally
cooled to room temperature the resulting milky suspension was
centrifuged. The colorless remnant was thrice resuspended in and
centrifuged from ethanol in order to remove excess glycerol and
all remaining salts. Finally, the colorless residue was dried (60 min,
80°C) and thereafter investigated based on state-of-the-art ana-
lytical tools with regard to particle size and morphology, chemical
composition and crystallinity.

Scanning electron microscopy (SEM) evidences the presence of
platelet-like particles with diameters of 10-15wm and a thick-
ness of about 100-300nm (Fig. 1). X-ray powder diffraction
pattern (XRD) confirm the chemical composition of the as-prepared
platelets as Zn(gly) (Fig. 2). All Bragg peaks observed are well in
agreement with literature data [23]. Infrared spectra (FT-IR) of the
as-prepared Zn(gly) platelets are also in complete agreement with

Fig. 1. Scanning electron microscopy (SEM) of as-prepared Zn(gly) platelets.

reference data of bulk-Zn(gly) [26]. Note that the splitting of vibra-
tional bands as observed for Zn(gly) originates from the reduced
site symmetry of the solid lattice as compared to the non-bound
molecule in the liquid phase. When comparing to pure glycerol
as a reference, the strong bands at 2700-2400, 2050-1900 and
1500-1350cm~! look somewhat unusual. However, these bands
are observed in all available reference spectra with similar inten-
sity and shape and were ascribed to O-H. - -O bending modes that
are not specified in detail [22,23].

Thermogravimetry (TG) elucidates the thermal decomposition
of the as-prepared Zn(gly) platelets (Fig. 3). Accordingly, decompo-
sition occurred with a single massive weight-loss of 47% that starts
at 310°C and that is finished at 470°C. This value matches exactly
with the expectation (48%) when assuming a thermal decompo-
sition of Zn(gly) in air under formation of ZnO. Based on the TG
analysis and a temperature of 470 °C required for complete decom-
position, larger quantities of as-prepared Zn(gly) were used for
controlled decomposition at 500-600°C inside of a tube furnace.
The white powder obtained as the thermal remnant was again
investigated by XRD (Fig. 4). Accordingly, pure ZnO was obtained
by thermal decomposition of Zn(gly).

3.2. Synthesis and characterization of porous ZnO platelets
Since the availability of ZnO with platelet-like morphology is

limited till now [12-17], and while such a material with non-
isotropic morphology could be highly interesting with concern
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Fig. 2. XRD powder pattern and FT-IR spectra of as-prepared Zn(gly) platelets. XRD

powder pattern of bulk-Zn(gly) (ICDD No. 23-1975) and FT-IR spectra and pure
glycerol as references.
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Fig. 3. Thermogravimetry of as-prepared Zn(gly) platelets (total weight: 20.6 mg;
heating rate: 20°Cmin~1).

to its catalytical, optical and electronical properties, the question
arises whether thermal decomposition of platelet-like Zn(gly) can
be performed while maintaining its morphology. To this concern,
as-prepared Zn(gly) was decomposed with fast, moderate and slow
heating rates inside of a tube furnace. The detailed conditions of
heating, including heating rate, temperature and duration of heat-
ing are listed in Table 1.

According to SEM images the morphology of the resulting ZnO
particles significantly depends on the conditions of heating (Table 1
and Figs. 5-7). In the case of fast heating, the morphology of the
initial Zn(gly) platelets obviously remains intact and results in ZnO
with a still similar platelet-like morphology, 10-15 pm in diam-
eter and a thickness of about 100-300 nm. Thus, the platelets
exhibit a large aspect ratio of ~100. In contrast to Zn(gly), the
ZnO platelets now exhibit a granulated morphology consisting of
aggregated particles of 200-300nm in size (Fig. 5). The massive
glycerolate-driven weight-loss, moreover, causes the formation of
lots of pores inside of the granulated structure. These pores exhibit
diameters of up to 100 nm. While performing nitrogen sorption,
Brunauer-Emmett-Teller (BET) and Barret-Joyner-Halenda (BJH)
analysis result in a specific surface of 5.2 m2 g-! and a pore volume
of 29.1 mm?3 g~1. In fact, these values are only doubled in compar-
ison to the as-prepared Zn(gly) (Table 1). With moderate heating
the platelet-like morphology remains intact, too (Fig. 6). Again the
platelets exhibit a granulated structure with lots of pores. In con-
trast to the findings for fast heating, the granulated structure is
however established by much smaller particles that exhibit diam-
eters of only about 10-30 nm. This ten times smaller granulated
sub-structure is accompanied by a significantly increased specific
surface and pore volume. Thus, values of 17.6m?2g~! (BET) and
232.2mm?3 g~! (BJH) were obtained now (Table 1).

While further reducing the heating rate, an even increased
specific surface and pore volume could have been expected.
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Fig. 4. XRD powder pattern of ZnO platelets with bulk-ZnO as a reference (ICDD
34-1451).

Fig. 5. Scanning electron microscopy at different level of magnification of porous
ZnO platelets obtained via fast thermal decomposition of Zn(gly) (A: large scale
overview; B: top-view of porous platelet with high resolution; C: side-view of porous
platelet with high resolution).

Slow heating, however, only led to very small specific surfaces
(5.9m? g 1) and pore volumes (24.6 mm3 g-') (Table 1). Electron
microscopy furthermore indicates that the platelet-like mor-
phology is not preserved here (Fig. 7). In contrast, irregularly
agglomerated, more or less spherical nanoparticles with diameters
of 100-200 nm are obtained.

In sum, the decomposition of Zn(gly) - as expected - leads to the
formation of ZnO. If the decomposition is fast, the platelet-like mor-
phology of the starting material remains intact for the product, too.
The dramatic volume reduction due to the loss of the spacious (gly)-
ligand is accompanied by pore formation and platelets exhibiting
a granulated sub-structure. Since the decomposition of Zn(gly) is
more controlled at slower heating rates, smaller grains and a higher



128 H. Dong, C. Feldmann / Journal of Alloys and Compounds 513 (2012) 125-129

Fig. 6. Scanning electron microscopy at different level of magnification of porous
ZnO platelets obtained via moderate thermal decomposition of Zn(gly) (A: large
scale overview; B: side-view of porous platelet with high resolution; C, D: top-view
of porous platelet with high resolution).

Fig. 7. Scanning electron microscopy at different level of magnification of spherical
ZnO particles obtained via slow thermal decomposition of Zn(gly).

specific surface and pore volume are obtained for the granulated
ZnO platelets in the latter case. Thus, moderate heating leads to a
higher porosity than fast heating. On the other hand, a certain sin-
tering even at temperatures as low as 400 °C has to be taken into
account [27]. Sintering will be the faster, the smaller the ZnO grains
are. If - via slow heating - the ZnO grains become very small, the
prolonged time at elevated temperatures (>400°C) favors a cer-
tain sintering of the nanostructured ZnO. As a result, the loss of the
platelet-like morphology and the formation of spherical and dense
ZnO nanoparticles are observed. Via advanced heating processes
it might be nevertheless possible to increase the specific surface
and the pore volume even further. Moreover, other porous oxides
might be available based on a controlled decomposition of metal
glycerolates.
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4. Conclusions

Thermal decomposition of zinc glycerolate, Zn(gly), gives
access to ZnO at temperatures of 500-600 °C. Most interestingly
the platelet-like morphology of the as-prepared Zn(gly) can be
preserved during the formation of ZnO that still exhibits a platelet-
like morphology with diameters of 10-15wm and a thickness
of 100-300 nm. Controlled decomposition of Zn(gly), moreover,
allows adjusting a certain porosity of the now granulated ZnO
platelets with specific surfaces (BET) of 5-18m%g-! and pore
volumes (BJH) of 25-230mm3g-!. Since an initial growth of
platelet-like ZnO is often not observed, thermal decomposition of
Zn(gly) could be a useful alternative. Such porous ZnO platelets with
a large aspect ratio (~100) can be relevant for applications such as
UV-protection, sunblocking or catalysis.
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