Identification of Sample Preparation Artifacts
in Powder Analysis

Andreas Taubert, Max-Planck-Institute for Polymer Research
tauberti@seas.upenn.edu

The synthesis of inorganic materials of a specific size and
shape is a key aspect in modern powder technology. During
the past two decades, solution-based precipitation reactions
have been explored for controlled particle formation. A wide
variety of particle shapes, sizes, and compositions' has been
demonstrated. However, several questions, especially con-
cerning particle nucleation, remain. Some of these questions
are currently addressed by investigating precipitate (ex situ) at
different reaction stages by means of powder x-ray diffraction
(PXRD), scanning (SEM) and transmission electron micros-
copy {TEM)Z.

Preparation of these precipitates for microscopy can lead to
artifacts. These may, if not recognized, lead to errors in data
interpretation and possibly to false conclusions. This contribu-
tion aims to point out some of these sample preparation ef-
fects. Both the sample under investigation and any artifacts
introduced during sample preparation contribute to the images
obtained via SEM or TEM. Some examples of how sample
preparation can affect sample properties, such as particle mor-
phologies and how these effects can be identified, are dis-
cussed here.

Figure 1 a is a PXRD pattern of a zinc oxide (zincite) powder
sample precipitated from aqueous solution in presence of a
poly(methacrylic acid) homopolymer. The pattern only shows
zincite reflections.

Powder morphologies were investigated with a JEOL 6400F
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SEM. The powders were deposited on conducting carbon tape
and sputter-coated with a thin gold layer. The corresponding im-
ages show that the sample contains particles of very different
shapes and sizes. All particles are of about the same brightness
(Figure 1b). Thus, one might conclude that the sample consists of
chemically pure zincite of a wide variety of particle shapes.

However, when the same sample was examined in a LEO 1530
SEM for which no sputter-coating is necessary, the powder mor-
phology looks different. The small spherical particles appear much
darker than the large particles (Figure 1c). What could possibly be
the origin of that?

To answer this question, transmission electron microscopy
(TEM) experiments were performed on a series of similar samples.
Results from one sample are shown in Figure 2. Bright field im-
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Figure 1: a) PXRD pattern from a zinc oxide (zincite) powder
sample precipitated from aqueous solution in the presence of a
poly(methacrylic acid) homopolymer. + indicates a peak associ-
ated with the aluminum sample holder. b) SEM image of the sam-
ple obtained with a JEOL6400F SEM. c) SEM image of the sam-
ple obtained with a LEO1530 SEM.

Figure 2: a) Bright field image and SAD pattern (inset) of two
spheres. b) Bright field image and SAD pattern (inset) of a hex-

agonal particle.
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ages confirm that two different particle shapes are present in the
sample. In agreement with SEM images, spherical and roughly
hexagonal particles were found. Selected area diffraction (SAD)
on individual particles (either spherical or hexagonal) provides in-
formation on the internal structure. SAD on the spheres (inset in
Figure 2a) resulted in a broad halo consistent with an amorphous
structure, whereas SAD on the hexagonal particles (inset in Figure
2b) demonstrated a single crystalline structure.

This more careful investigation of the two types of particles
demonstrates that the initial conclusion of a single phase, polydis-
perse and non-uniformly shaped zincite powder was wrong. The
initial interpretation was based on data that did not include evi-
dence of the second amorphous phase. The contribution of the
amorphous component to the PXRD patterns could not be distin-
guished from background. The sputter-coated gold layer neces-
sary for conventional SEM masked the difference in signal be-
tween the spheres and the hexagonal particles, which was ob-
served in the uncoated sample examined in the LEO SEM. Both
the PXRD and conventional SEM data supported the initial incor-
rect interpretation.

A second example of sample preparation-induced artifacts is
found in Figure 3. Here zinc oxide was precipitated in the pres-
ence of a water-soluble diblock copolymer. SEM images (Figure
3a) show a continuous matrix containing single particles. Addi-
tional structural information is provided by TEM on the same sam-
ple.

The TEM sample was prepared as follows: the powder was
suspended in two mL of ethanol and ultrasonicated for five min-
utes. A drop of the suspension was then allowed to slowly dry on
a carbon coated copper grid. TEM images (Figure 3b) show that
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the matrix material is lamellar with a lamellar spacing of ca. 3.4
nm. However, in contrast to the SEM images, the matrix material
was found as much smaller particles than observed in the SEM
images of the as-dried sample.

This discrepancy in particle size arose from the ultrasonication
step used for TEM sample preparation. Apparently, the initially
large particles are reduced in size by ultrasonication and subse-
quently deposited as flakes on the TEM grid. The ultrasonication
step can thus be considered a convenient method to obtain struc-
tural information about the matrix, since the resulting single flakes
are thin enough to be electron transparent. However, it is clear
that the samples prepared for TEM are not representative of the
as-dried samples. In this case, SEM of the as-dried powder pre-
vented the incorrect conclusion that the sample is made up lamel-
lar flakes and hexagonal particles with no correlation to one an-
other, In fact, the material is a complex structure of particles em-
bedded in a matrix that in turn has a lamellar structure.

Figure 4 demonstrates a sample preparation artifact often ne-
glected in SEM powder analysis, mechanical treatment. The two
images show the same sample. The only difference is the sample
preparation procedure. Figure 4a is an SEM image of a precipitate
that was first deposited on conductive carbon tape and then lightly
pressed into the tape with a spatula in order to ensure that the ma-
terial remains in place. The SEM image of Figure 4b shows the
effect of spatula pressure on the sample. This sample was pre-
pared in an identical way as that in Figure 4a, but without pressing
the powder into the tape with a spatula. The difference is striking:
whereas the first image shows thin platelets of various shapes and
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sizes, the second image shows that the sample actually con-
sisted of very thin hexagonal platelets of fairly uniform diameter.
It is obvious from these images that even simple actions such
as scratching the powder from the walls of the reaction vessel or
light pressure exerted on the powders may profoundly influence
the particle morphology observed.

This short article attempts to demonstrate that the results of
powder analysis often contain not only information on the sam-
ple, but also on sample preparation. Interpretations based on
such analyses can be misled if the possibility of sample prepa-
ration artifacts is not taken into account. Perhaps the best ap-
proach to minimize the sample preparation artifacts is to employ
a variety of techniques and to vary the sample preparation
methods, even if they have been proved to be very convenient
inthe past. M
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Figure 3: a) SEM image before and b) TEM image after ultrasoni-
cation of a precipitate.
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Figure 4. SEM images of the effect of mechmcat treatment of a
powder sample.
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