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Abstract
Lattice parameters for gold nanocrystals, quartz, and vesuvianite have been determined by electron
diffraction in routine transmission electron microscopy (TEM) work, with precision and accuracy
near to 0.1%, after correction for elliptical distortion. The distortion, measured in three different
microscopes, is constant for each microscope and may be easily eliminated.
Variable camera constants have been avoided by positioning the oriented specimen on the eucentric plane and using parallel illumination. The current flowing in the first intermediate lens was kept
fixed, assuring constant conditions of the TEM projecting system, with no further diffraction focus
applied.
Application of this method to micas from metamorphic rocks produced deviations between measured and expected values up to 0.8%. Although easy species distinction is still possible, minor crystal
chemical differences within the sample may be lost. Likely causes of these deviations are the possible
heterogeneous samples, as well as beam damage leading to cation loss with subsequent variation in
basal spacings.
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Introduction
The use of electrons is of the utmost importance when
moving from bulk- to nano-characterization, namely with the
development of nanosciences. For instance, valuable specimens
frequently lack single crystals large enough for X-ray diffraction. Furthermore, from grain to grain they may be significantly
heterogeneous, possibly depending on crystallization history.
Two main approaches for structural characterization are possible, based upon direct space and reciprocal space, respectively.
The former approach leads to sophisticated high-resolution
transmission electron microscopy (HRTEM) techniques, using
many tools such as image filtering, image simulation, and image
correction based upon experimental contrast transfer function and
image correction based upon expensive Cs-corrected lenses. The
latter approach emphasizes reciprocal space; namely, it attempts
to use electron diffraction as a structural probe, akin to X-ray
diffraction. For both the approaches, raw data (lattice images or
electron diffraction patterns) may present problems.
A first problem (scale factor) derives from the lack of reliable camera constant values, or image magnification factors.
This may lead to the common opinion by which accuracy on
the order of only 0.5% would be possible (Zhang et al. 2002);
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or, worse, that Lλ values may change even by a few percent in
the same microscope and in the same session. Notwithstanding
the existence of previous reports showing case studies with
accuracy of 0.1% (Lodder and Berg 1974) or precision better
than 0.05% (Schamp and Jesser 2005), that pessimistic point of
view survives, favored by daily experience with unconstrained
measurements, as well as by the known existence of hysteresis
effects in the electromagnetic lenses. For the sake of clarity, we
recall here that precision is a measure of the standard deviation
within a set of measured values, whereas accuracy represents
deviation of the measurement from the expected, real value.
A second problem (shape deformation) derives from aberrations present in the TEM column; for instance, projector distortion may transform a circle into an ellipse. To experimentally
cope with distortion, Capitani et al. (2006) determined elongation and orientation of the deformation ellipse and proposed
a procedure by which distortion was corrected using standard
graphic software. This tool is now included in the latest release
of the ELD program (Zou et al. 1993). Successful correction
may favor quantitative applications of electron diffraction and
high-resolution imaging; for instance, measurement of accurate
lattice parameters for nanophases or for strained crystals (e.g.,
Ferraris et al. 2003), or estimation of metric deviations (cell
edges and angles) from an assumed symmetry (e.g., Capitani
and Mellini 2008).
We now refine the procedure by Capitani et al. (2006) by (1)
measuring elliptical distortions in three different laboratories,

