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Revealing Crystal Structure of Phenothiazine
with 3D electron diffraction tomography

F

or industrial applications, it is of great interest to understand and determine the crystal structure, identify / characterize several possible polymorphs and to detect / quantify
the crystallinity / amorphous phase of final products, since many
important chemical and physical properties depend on the crystal
structure properties.
Phenothiazine is an organic compound that occurs in various
antipsychotic agents & antihistaminic drugs. Derivatives of the
parent compound find wide use as drugs.

Electron Diffraction Tomography analysis
with TEM using cooling holder allowed to
collect many diffraction patterns from individual nanocrystals (size 50-300 nm) and
reconstruct the reciprocal space. Automatic
unit cell parameter determination of a posible
new polymorph structure could be determined after automatic intensity measurement
Unit cell: a =12.04 Å
b= 9.03 Å
c= 9.01 Å
β= 94.21º
SPG : P21 or P21/c

Phenothiazine molecule

These are the 3 main electron diffraction projection of the
reconstruction of the reciprocal space of Phenothiazine (top
left and bottom) which shows the scanned region of the
reciprocal space.

Electron Diffraction Tomography technique by TEM
microscope is particularly
useful in case of polyphasic systems (several polymorphs), nm size crystals, and poorly crystalized
samples

Zeiss Libra 120
electron microscope (IIT Pisa) where Phenothiazine
ED data collection
was made (photo courtesy
Dr.
M.Genmi)
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Drug polymorph structure analysis
with electron 3D diffraction tomography

X

-Ray Diffraction (powder
or single crystal) is a conventional technique used
to analyze and determine crystal
structure of phamaceutical crystals and their polymorphs. Howe-

ver, in many cases X-Ray technique failed, mainly due to poorly
crystalline samples (where diffraction is weak or overlaping peaks
are present), or due to presents of
very small crystals (nm size) whe-

re X-Ray peaks broaden considerably like in amorphous materials
(“X-Ray amorphous”).
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From left to right : FEI Tecnai 30F electron microscope , TEM goniometer and sample grid of 3 mm diameter, collection of several ED patterns
with diffraction tomography in 3D reciprocal space and photo of several organic microscrystals where two distinct polymorphs may be seen
(acicular and round type crystallites) image courtesy Prof. Kolb Mainz University

E

lectron Diffraction in a Transmission Electron microscope (TEM) has
several advantages over conventional
X-Ray diffraction: traces level quantity of any
compound can be used and powder sample
can be studied as individual single crystal of
size from 25 nm up to several microns. With
automatic diffraction tomography, a particular
crystallite (that may correspond to individual
polymorph) can be tilted in the TEM (typically
±45° every 1°) and all collected electron diffraction (ED) patterns can be processed to
automatically reconstruct the unit cell and
reveal the space group symmetry of the API
crystal.
Full atomic crystal structure can be solved
after collection and automatic measurement
of ED intensities.

Cell parameters and
space group

TEM Electron Diffraction Tomography is advantageous over X-Ray Diffraction:
For very small (nm size) crystals with broad
X-Ray peaks (X-Ray “amorphous patterns”)
When overlapping or not well defiined
peaks are present in conventional X-Ray
pattern

3D intensities and
structure solution

For analysis of individual crystallites that
may belong to different polymorphs

www.nanomegas.com/pharma

